HiLL

PUBLISHING

International Journal of Food Science and Agriculture, 2025, 9(4), 381-405
https://www.hillpublisher.com/journals/jsfa/

ISSN Online: 2578-3475

ISSN Print: 2578-3467

Risks in Swine Thermal Comfort: A Proposed Risk

Map

Fabiano Gregolin®, Késia Oliveira da Silva Miranda

Escola Superior de Agricultura Luiz de Queiroz da Universidade de Sao Paulo (ESALQ/USP), Piracicaba 13418-900, Brazil.

How to cite this paper: Fabiano Gregolin,
Késia Oliveira da Silva Miranda. (2025).
Risks in Swine Thermal Comfort: A Pro-
posed Risk Map. International Journal of
Food Science and Agriculture, 9(4), 381-
405.

DOI: 10.26855/ijfsa.2025.12.014

Received: November 28, 2025
Accepted: December 23, 2025
Published: January 21, 2026

Corresponding author: Fabiano Gregolin,
Escola Superior de Agricultura Luiz de
Queiroz da Universidade de Sao Paulo
(ESALQ/USP), Piracicaba 13418-900,
Brazil.

1. Introduction

Abstract

Pig production is subject to various factors that limit production efficiency, with
climate being a key factor among them. The search for alternatives to minimize the
thermal challenge for animals is essential, making the management of pig produc-
ers highly complex. In this sense, an area that can offer significant support in deci-
sion-making for pig producers is risk management. In pig farming, as in all agri-
cultural activities, risks are inherent and involve all stages of the production pro-
cess. Research on risk management is abundant, but it is directed towards specific
topics. However, research focused on risk management in pig farming with an in-
tegrative approach is a field that has been little explored. The purpose of this re-
search was to create a tool that guides producers in identifying risks related to the
thermal comfort of pigs, adopting a constructivist approach with the creation of a
new model based on an extensive literature review and empirical data. After the
development of a pig farming risk map based on an in-depth literature review,
brainstorming meetings were held to identify risks that negatively affect pig ther-
mal comfort. The risks were analyzed and grouped by similarity, and the risk map
was tested and validated with a group of professionals from the pig production
system in Brazil. The enhanced tool was subsequently tested on a farm with over
50,000 animals. The result is the Risk Map in Swine Thermal Comfort, an im-
portant tool that will guide producers in identifying factors that may represent risks
in the thermal comfort of animals. This research has unveiled an innovative pro-
posal for risk identification by presenting the Risk Map in Swine Thermal Comfort,
an important tool that will guide producers in identifying factors that may pose
risks to animal thermal comfort. The identification of risks represents an essential
step in the creation and development of risk management processes with a holistic
approach, and having a tool that guides this identification process is a substantial
contribution to producers and to the advancement of the area.

Keywords

Risks; Risk management; Thermal comfort; Pigs; Risk map; Management tool; In-
novative tool; Pig farm management

The consumption of animal protein has been on the rise in recent decades, boosted by the increase in individual
average income and population growth [1, 2]. Global meat production is projected to reach 361 million tons in 2022,
driven by substantial growth in China’s meat output, alongside corresponding increases in Brazil, Australia, and
Vietnam. The largest volume gain is expected to come from pork, with estimates reaching 125.6 million tons in
2022, surpassing the 109.8 million tons of 2020 and the 122.5 million tons of 2021 [3]. Following this growth trend,
pig production must adopt various systems with different levels of breeding and management technology
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development, ranging from family or backyard farming to intensive production systems [4].

Pig production is subject to various factors that limit production efficiency, with climate being a key factor among
them [5]. The recognition of the effects of temperature on pig production has boosted research in the search for
alternatives to minimize the thermal challenge for animals [6]. Productive efficiency and final meat quality are
closely linked to the physiological and metabolic responses associated with heat stress [7]. Heat stress represents a
threat to the animal’s homeostasis, as pigs incur additional energy expenditures to maintain body temperature,
thereby reducing feed conversion efficiency. This increase in energy requirements raises production costs, reduces
efficiency, and lowers profitability [8].

From this perspective, the management activity of pig producers is highly complex. Activities such as manage-
ment, internal and external controls, monitoring, purchasing, sales, personnel management, asset management,
health control, financial control, and various other actions and decisions are assigned to producers who are not
always prepared for such tasks [9].

With all this complexity, an area that can offer significant support in the decision-making process of pig producers
is risk management. By measuring and managing risks in a consistent and systematic manner that provides accurate
and relevant information, and by enhancing risk-return analysis, producers can strengthen their ability to achieve
production objectives. In pig farming, as in all agricultural activities, risks are inherent and involve all stages of the
production process. Research in this area is abundant but directed to specific fields. However, research focused on
risk management in pig farming with an integrative approach is an area that is still poorly explored [10].

Therefore, it is essential to focus efforts on developing tools that assist producers in their management and deci-
sion-making processes. This research aimed to develop an innovative tool for identifying risks, the Risk Map in
Swine Thermal Comfort.

2. Theoretical Background
2.1 Animal welfare

An individual’s welfare refers to their state in relation to their attempts to cope with the environment. If these
attempts require little effort and low resource expenditure, the welfare level is considered satisfactory. On the other
hand, if the attempts are frustrated, inefficient, or require great effort and high levels of resource expenditure, wel-
fare is considered unsatisfactory [11]. Animal welfare is interdisciplinary and aims to identify and recognize the
basic needs of animals in search of their measurement and applicability, i.e., it establishes the degree to which the
physical, physiological, psychological, behavioral, social, and environmental needs of an animal are met, including
physical, mental, and behavioral health, as well as its interactions and adaptations to the environment [12].

With the scientific advancements of recent decades, the concepts that guided the science of animal welfare de-
manded reassessments regarding their scope and applicability, among them the five freedoms [13, 14]. The first
document to discuss the five freedoms was the Brambell Report, although not described in this way, the concept
focused on highlighting the need to keep animals free from harmful conditions, based on practical and easy-to-
understand measures [15]. The Farm Animal Welfare Council (FAWC) conducted a review and recognized that
much had changed since the Brambell Report, and new concepts were necessary to guide actions to ensure animal
welfare [16].

Another important contribution to the science of animal welfare was the creation of the Welfare Quality Project,
a document that provides a protocol for standardized practical assessments for the analysis of animal welfare quality.
Transparency in the product quality chain and provision of guarantees regarding animal welfare were considered
major and comprehensive requirements. Therefore, the purpose of Welfare Quality® was to provide reliable animal
welfare assessment systems to producers, based on science and addressing stakeholder concerns for poultry, pigs,
and cattle [17, 18].

Animal welfare studies involve a set of prior knowledge about the species and its rearing mode [19]. The meas-
urement of animal welfare involves the use of multidimensional indicators, with a variety of parameters that will
assist in understanding the animal’s state [20]. Indicators are key components in the assessment of animal welfare
because they are directly measured on animals (animal-based measures). There are countless ways to diagnose
animal welfare through behavior assessment, offering a range of information, from the simplest behaviors consid-
ered natural for the species, such as scratching, perching, and wallowing, to more complex evaluations of compo-
nents of the cognitive process to identify mental states [21].
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2.2 Animal ambience

Ambience is the term used to express the bidirectional relationship that exists between the environment and animals,
as well as the set of factors that can make an environment more or less pleasant. It refers to the set of external
conditions and influences that can act, directly or indirectly, on animals, without representing a direct and obligatory
relationship with genetic factors. In general, ambience can be understood as the physical and social space in which
given animals live and everything that is part of that space, including humans. In summary, it is the environment in
which the animal lives [22-24].

The concept of animal ambience is embedded in the broader concept of animal welfare; that is, they are interre-
lated and operate in parallel. In order to have welfare in production systems, it is essential to have a controlled and
adjusted ambience to meet the animal’s needs. Similarly, there is no ambience without considering animal welfare
[25]. In animal production systems, some environmental factors or variables must be considered important in order
to achieve maximum productivity that the genetic potential of each species, breed, or animal can express. These
factors include thermal, acoustic, luminous, and aerial conditions [26]. Figure 1 illustrates this concept.
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Figure 1. Relationship between welfare and ambience (Adapted from: [26]).

The environmental variable that most affects animal welfare is temperature [27]. The problem of heat stress is
not exclusive to tropical countries [6]. However, global warming is a recurring concern. Climate change, especially
global warming, can strongly influence animal production performance worldwide [28]. There is already a real need
for the immediate development of effective and sustainable management approaches aimed at mitigating the nega-
tive effects of heat stress, especially in times of climate change. Undoubtedly, the priority is to modify the animals’
microenvironment [29].

2.3 Physiology and thermal balance in pigs

Changes in body temperature will trigger physiological and behavioral responses in animals, which will develop
specific procedures to increase or decrease body temperature [30]. The process of thermal regulation occurs through
a balance between heat production (thermogenesis) and heat loss (thermolysis) to the environment [31].

Pigs can be understood as open thermodynamic systems, since the external environment influences their internal
environment, given their constant exchange of energy. This maintenance of body temperature is one of the mecha-
nisms that control homeostasis, making physiological adjustments to maintain dynamic thermal equilibrium at nor-
mal body temperature levels, aiming to maintain equal loss and gain of heat to the environment [32, 33].

High levels of productivity are achieved when animals are in environments that favor minimal levels of energy
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exchange to maintain thermal equilibrium. On the other hand, if animals are subjected to environmental conditions
outside the thermal comfort range, they will require energy expenditure to maintain body temperature and thus be
considered under thermal stress. The thermal comfort zone is the temperature range between the lower critical tem-
perature and the evaporative critical temperature [34].

The thermal comfort ranges of pigs differ depending on their age. Knowing these differences and making efforts
to ensure these ranges are maintained is of utmost importance for the production system [32], as presented in
Table 1, Thermal comfort zone for pigs.

Table 1. Thermal comfort zone for pigs

Ideal Temperature °C Critical Temperature °C Relative humidity %
Maximum Minimum Maximum Minimum Optimal Critical

Sows 18 12 30 0 50-70
Newborn piglets 32 30 35 15 50-70
Piglets 1 week 28 27 35 15 50-70
Piglets 2 weeks 26 25 35 13 50-70

Piglets 3 weeks 24 22 35 13 70 <40

Piglets 4 weeks 22 21 31 10 >90
Piglets 5 to 8 weeks 22 20 30 08 50-70
20-30Kg 20 18 27 08 50-70
30-60Kg 18 16 27 05 50-70
60 - 100 Kg 18 12 27 05 50-70

Source: (Hannas, 1999)
2.4 Environment

The environment is characterized by the simultaneous action and influence of climatic factors that affect animal
temperature, ultimately impacting their productive, reproductive, and biological performance [35]. Among the ther-
mal environment factors, those that most influence pigs are air temperature, relative humidity, radiation, and venti-
lation. These factors can alter animal welfare and productivity, exerting primary or secondary effects, either directly
or indirectly [36]. These environmental variables are inputs for determining thermal comfort indices. For maximum
productive performance, the animal’s metabolic rate must be minimal, and homeothermy should be maintained with
the least energetic cost due to the minimum effort of thermoregulatory mechanisms, thus characterizing the thermal
comfort zone [36, 37].

The microenvironment, which represents the environment around the pig, is composed of all external conditions
and influences that can affect productivity levels [38]. Environmental components can be physical: animal area,
light, sound, pressure, and equipment; social: population density, animal behavior, and dominance; thermal: tem-
perature, relative humidity, ventilation, and radiation [39].

The selection of an appropriate environment for pigs must be analyzed considering two factors: the amplitude
and thermal overload that the animal must overcome in the environment where they are inserted (microclimate),
and their resistance and adaptability to the new environment, which are physiological responses [40]. This selection
should not be restricted exclusively to the thermal comfort of the facilities but should also consider stress factors
caused by the establishment of the social hierarchy of the group, social dynamics (feeding, mating, aggressive in-
teractions), sound agents, routine changes, unknown human presence, and unknown odors [41, 42].

There are several engineering solutions and management strategies that can be used to mitigate thermal stress.
Physically modifying the environment has been shown to be the main strategy for reducing temperatures and should
be used to mitigate the negative effects of heat stress. However, other approaches, ranging from modifications to
the diet and genetic improvement to new management models, should be considered [29]. In this sense, managing
the risks involved in animal thermal comfort can represent a powerful ally for producers in managerial decision-
making.
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2.5 Risk

Risk is the possibility of an event occurring and adversely affecting the achievement of objectives [43]. Organiza-
tions, regardless of their type or size, are influenced by external and internal factors that make the achievement of
their objectives uncertain, and the effect that these uncertainties have on these objectives is understood as risk [44].
The study by the Institute of Risk Management (IRM) addresses risk as the combination of the probability of an
event and its consequence, which can range from positive to negative [45].

Risks can be categorized as short-term, medium-term, and long-term, which correspond to operational, tactical,
and strategic risks, respectively. Short-term risks have an immediate impact and can occur in key business processes.
They are typically associated with unplanned interruptions, although not exclusively. They usually impact the or-
ganization’s ability to maintain its efficient core processes, focusing on routines. Medium-term risks typically occur
in a few months or up to a year after an event. These risks are typically associated with projects, tactics, improve-
ments, and developments. Long-term risks exert an impact between one and five years after an event. Risks are best
defined by focusing on them as discrete events. For a risk to materialize, an event must occur. Greater clarity is
likely to be brought to the risk management process if the focus is on events [45].

Risk can have positive or negative outcomes and can also simply result in uncertainty. In this sense, risks have a
direct relationship with an opportunity or loss, or the presence of uncertainty for an organization. Each risk has its
own characteristics that require particular management or analysis. It is important to emphasize that there are no
right or wrong subdivisions for risks; the most important issue is for an organization to adopt the risk classification
system that is most appropriate for its own circumstances [45].

The first step in the risk management process is to identify each of the organization’s risks. This identification
aims to recognize and describe risks that can help or hinder the achievement of objectives. Numerous techniques
are available for identifying uncertainties that may affect objectives. Thus, the following factors, and/or the rela-
tionship between them, should be during this identification process: tangible and intangible sources of risk; causes
and events; threats and opportunities; vulnerabilities and capabilities; changes in external and internal context;
emerging risk indicators; nature and value of assets and resources; consequences and their impacts on objectives;
limitations of knowledge and information reliability; temporal factors; biases, hypotheses, and beliefs of those in-
volved [44].

3. Initial Considerations in the Design of a New Tool

Risk factors affecting the thermal comfort of pigs can negatively impact core pig production operations. While a
risk management system offers promising results, its implementation is quite complex and presents other challenges,
such as costs [46], human resources [47], the absence of organizational structures and sufficiently clear and simpli-
fied guidelines on how to implement or adapt risk management systems [48]. For small and medium-sized enter-
prises (SMEs), in particular, the extent to which risk management enhances operational performance remains un-
clear [49].

In this perspective, efforts to develop explicit tools for implementing risk management in organizations, aiming
to minimize existing risks and prevent anticipated ones, are an urgent necessity [50]. These tools must be accessible
and easy to operate in order to meet the needs of various types of producers in the sector [51]. The tools must also
be systematic, supporting a successful and effective risk management culture, aiding in complex decision-making.
In a more comprehensive approach, risk management tools must be relevant to producers, as well as deal with the
complexity of current animal husbandry systems [52].

There is a plethora of risks that are common among organizations; however, it is essential to consider the speci-
ficities that encompass each of them, involving not only the production process but also the producer [52, 53].
Another major challenge is that risks are not treated in isolation, making the process even more complex, given the
simultaneity with which the risks present themselves, making a new risk management tool have, as one of its prem-
ises, a balance between operational simplicity and functional scope for each context, in order to be sufficiently
efficient in composing the necessary basis for risk management [52].

4. Materials and Methods

Risk management is still a subject in full empirical and academic expansion, with several research methods applied,
including the constructivist approach [54]. In a pragmatic-constructivist view, values and possibilities create a real-
ity based on facts [55]. In this perspective, risk management can have its conceptual development and maturation
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through the construction of new models. Considering the identification of risks in the thermal comfort of pigs, the
fundamental question is the identification of which risks are directly related to temperature changes. Unlike testing
predetermined hypotheses, this study aimed to create a tool for risk identification in the thermal comfort of pigs.

To underpin the research, a preliminary process involved conducting an in-depth literature review on risk man-
agement in pig farming on risk management in pig farming, which analyzed 2178 articles and was documented
separately [10]. This review showed that, although research on risks in pig farming is abundant and increasing,
studies are concentrated in specific technical domains and generally do not apply holistic risk-management meth-
odologies capable of consistently identifying, measuring, and managing risks at the farm level. No integrative tool
was found to support the systematic identification of risks related to pig thermal comfort, which revealed a clear
gap and motivated the development of the present Risk Map in swine thermal comfort. Brainstorming meetings
were then held to identify the risks.

At this stage, the key questions for developing the map were: What factors can negatively affect pig thermal
comfort? What benefits can a new tool that shows the main risks bring to the producer? To guide the participants,
in addition to the key questions, they were given instructions to focus on generating causes and not on the conse-
quences that the risks cause, based on the central objective of creating a map that effectively identifies the risks. No
risk presented at the meetings was ignored, even if it was not effectively classified as a risk. After each meeting, all
the problem situations presented were analyzed, and if any of them represented a consequence and not a cause, the
risk was identified for inclusion in the map. After this analysis, the risks were grouped by similarity, and the cate-
gories and subcategories of the risk map were created.

The initial meetings were held with the experts of the welfare, environment, and precision livestock farming
research group at Esalq/USP (GBAZP) between August and December 2021. The results served as an important
information base for the development of the map model and testing of different versions of the tool. In the months
of February to May 2022, with the aim of validating the tool, meetings were held with another group, composed of
9 professionals from the pig production system, including 3 veterinarians working in a Brazilian transnational com-
pany in the food industry, 2 animal scientists with over 20 years of experience in the pig market, 2 professors
specializing in pigs from the Department of Animal Sciences, College of Agricultural, Consumer and Environmen-
tal Sciences, University of Illinois, a manager of a group of 23 pig farms located in the interior of the state of Sdo
Paulo, and a zootechnician specializing in consultancy in the certification of pig farms.

Once the process of adapting the risk map was completed, the tool was tested in a farm with over 50,000 animals
(covering all production stages) located at 23°24°39.0” S and 47°44°45.3” W, which took place between July and
August 2022. The test was based on the ease of understanding the risks presented on the map, the suitability of each
risk to the production stage, and the comprehensiveness of the risks. Figure 2 shows the research flowchart.

SYSTEMATIC PRt GBAZP THEORETICA
REVIEW U NAPMODEL | MEETINGS | L REVIEW
ADEQUACY THEORETICA SPECIALIST é?%%ﬁ

OFTHEMAP = LREVIEW . MEETINGS .
MODEL
FIELD FINAL RESULT: RISK MAP ON
. ADEQUACY THERMAL COMFORT OF
VALIDATION | . L oM

OF THE MAP

Figure 2. Research flowchart.
5. Results and Discussion
5.1 Conception and structure of the Risk Map in Swine Thermal Comfort

The new tool, Risk Map in Swine Thermal Comfort (presented in Table 2), was developed to guide risk identifica-
tion. The process of risk management involves several steps, and risk identification is one of the most critical and
sensitive steps [56]. The map features 4 categories, including 27 functional subdivisions for risk identification.
While it presents 172 risks, these do not exhaust all potential additional risks—mainly due to the complexity and
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specificity of each production site [52, 53]. However, the tool is sufficiently comprehensive and enables the identi-
fication of key risks that can negatively impact pig thermal comfort.

The development of a new risk management tool requires a broad understanding of the complexity of the involved
activities [52]. In pig farming, approaches to risk are directed at specific areas, such as animal health/productivity,
excrement and waste, zoonoses/public health/human health, pork, carcass and by-products for human consumption,
animal welfare, biosecurity, economy and market, supply chain/value chain, traceability and monitoring, producer
perspective, transport, and consumer perspective. An integrative approach that allows for consistent and systematic
identification, measurement, and management of risks has yet to be established in this scenario [10]. Consequently,
the challenges in developing a new tool, Risk Map in Swine Thermal Comfort, are compounded by its innovative
nature.

Table 2. Risk Map in Swine Thermal Comfort - Summary Map

FACILITIES EQUIPMENT HANDLING ANIMAL
Local Climate Ventilation Handling of breeding females Unusual behaviors
Location Heating systems Maternity handling Stereotypies
Housing system Cooling systems Nursery handling Behavior in high temperatures
Handling in rearing and fin-
Floors Feeder Behavior at low temperatures
ishing
Roof Drinkers Breeding males handling
Water Lighting systems People
Surrounding areas Cleaning and disinfection

Control and monitoring sys-
Creep rems

Farrowing crates

5.2 Facilities category

The facilities category includes the buildings and the site where they are or will be constructed. This group includes
the local climate, location, housing system, flooring, roofing, water, surrounding areas, and creep. A detailed study
of the site and the region allows for the adaptation of construction characteristics in order to minimize the adverse
effects of the climate on the pigs. The main climate components that affect the animals’ thermal comfort are tem-
perature, air humidity, intensity, and predominant direction of winds, and solar radiation [57-60].

The location of the area designated for pig production must allow for the installation and take into account pos-
sible expansion while meeting project requirements, biosafety, and environmental protection. It is important to take
advantage of natural air circulation without interference from natural or artificial barriers [61-64]

Housing systems must meet ambient specifications, animal spatial needs, and region-specific construction char-
acteristics—these differ based on climate, soil properties, available and viable local construction materials, and ease
of handling [63, 65-69]

Flooring has a great influence on pigs’ thermal control. In addition to locomotion for socialization, feeding, and
excretion, pigs use the floor to assist in regulating body temperature through direct contact.. Inadequate flooring can
cause thermal discomfort, diseases from waste buildup, difficulties in management and prophylaxis, physical dis-
comfort, and even injuries. Therefore, the type of floor, the material used, the level of degradation, and the quality
of hygiene are factors that should receive great attention [70-74].

The roofs of the facilities receive most of the direct solar radiation. Some of the heat is dissipated, but another
part is emitted into the facilities, representing one of the main elements influencing the animals’ homeothermy.
Roofs with high heat reflection capacity, materials of high thermal inertia, and models that best adapt to local con-
ditions should be used [75-77].

Water is a fundamental component in swine production and should always be available in adequate quantity and
quality. The essential functions of water include maintaining body tissues and metabolic processes, regulating body
temperature, maintaining mineral homeostasis, excreting end products of metabolism, providing satiety, satisfying
behavioral needs, lubricating joints, and cooling in hot conditions. Good water management is essential, and great
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attention should be paid to water capture, storage, treatment, and quality [78-82].

The quality of the surrounding areas affects radiosity. Care involves the external floor of the facilities, shading,
and windbreaks. Efforts should be made to control the amount of light and heat that reflects into the facilities with
the wind, as well as issues of biosecurity [29, 83, 84].

Creep is an excellent alternative to provide a clean, disinfected, dry, and heated environment for newborn piglets,
as they have poorly developed thermoregulation systems, which makes them very sensitive to low ambient temper-
atures. The type of heating, construction material, shape, dimensions, and type of flooring are factors that must be
taken into account in the construction of a creep [85-88].

Table 3. Risk Map in Swine Thermal Comfort - Facilities Category

FACILITIES

Local Climate
Temperatures
Thermal amplitude
Relative humidity
Wind intensity
Predominant wind direction
Precipitation
Location
Orientation of the facility
Distance between the facilities
Housing system
Width of the facilities
Length of the facilities
Type of construction material
Current condition of the stalls
Size of the stalls
Ceiling height
Floors
Adequacy of the type of floor for each stage
Current floor condition
Manure intensity
Shallow Pool
Roof
Type of roofing
Current condition of the roof
Cooling system
Skylights
Eaves
Water
Availability in sufficient quantity
Quality
Distribution system

Backup reserve
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Table 3 Continued

FACILITIES

Surrounding areas
afforestation
Shading systems
Type of flooring
Creep
Dimension
Construction material
Flooring type
Roof type
Heating type

5.3 Equipment category

There are several artificial air conditioning systems that can be used to improve the thermal environmental condi-
tions within facilities, including ventilation. Among the various environmental factors that influence the air inside
facilities, the temperature of the air, humidity, concentrations of ammonia (NH3), carbon dioxide (CO2), and hy-
drogen sulfide (H2S) stand out. In this sense, controlling ventilation is an indispensable factor in controlling tem-
perature and humidity within facilities [89-92].

Heating systems are essential to the thermal comfort of pigs, especially in the maternity and nursery phases. The
types of heaters vary, including lamps, electric heaters, gas heaters, and thermal floor heaters; biogas can also be
used as a heating source [93-96]. The best model to be adopted will depend on local availability, financial viability,
and suitability for the facilities and local climate [93-96].

Cooling systems are responsible for increasing heat exchange in pigs. Some models can decrease the temperature
of facilities, while others provide direct cooling of the animal’s skin. Some systems use the water evaporation effect,
others increase the air velocity of the facilities, in addition to using materials in the facilities capable of absorbing
less heat from the environment [91, 97-99].

In choosing the pig feeding system, several factors must be considered, such as the number of feeders to be
provided, the type of feeder, whether automated or manual, for liquid or solid diets, maintenance, and all other
factors that allow animals to feed healthily. Choosing an inadequate system that requires a large amount of labor
can cause thermal stress in animals, resulting, for example, from competition for food [100-103].

Ideal water drinkers are those who provide an adequate volume of water with a low flow rate. The design and
choice of the most suitable type of water distribution are very important not only from an economic standpoint but
also from the perspective of animal welfare [103-106].

Lighting systems play an important role in animal welfare, relating to water consumption, feeding, and thermal
comfort. Supplementary lighting programs can be implemented with the aim of stimulating nighttime feeding to
compensate for deficits in consumption during parts of the day with higher temperatures. On the other hand, sup-
plementary lighting systems can have negative effects due to the heat generated by the lamps and increased agitation
of the animals, resulting in greater heat production. Regardless of the type or lighting program, great attention must
be paid to the effects on animal thermal discomfort [107-110].

Cleaning and disinfection play a fundamental role in biosecurity [83], and also influence productivity, animal
welfare, and the lifespan of facilities. In addition, inadequate cleaning and disinfection practices and equipment can
generate undesired behaviors in pigs, leading to thermal discomfort [111-113].

Control and monitoring systems are essential in supporting producers’ decision-making. The growing interest in
digitizing these systems is increasing. Having quality information in the shortest possible time allows for early and
more assertive decision-making. For example, having automated systems for collecting and storing information that
can quickly identify changes in temperature, changes in animal behavior, changes in feeding and water consumption,
alerting to the need for actions that minimize animal thermal discomfort [114-118].

Farrowing crates were developed to reduce piglet mortality from crushing and simplify human interventions in
birth; however, the expression of natural sow behaviors is suppressed by the restricted space, increasing sows’
susceptibility to stereotyped behaviors. The consequences of these behaviors are many, including thermal
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discomfort. The suitability of the adopted crate model, its current condition, and the length of time sows spend in
the crates are factors that deserve considerable attention [119-121], as presented in Table 4.

Table 4. Risk Map in Swine Thermal Comfort - Equipment Category

EQUIPMENT

Ventilation
Suitability of the adopted model
Number of equipment
Current condition of the equipment
Calibration of the equipment
Fuel or energy sources
Heating systems
Suitability of the adopted model
Number of equipment
Current condition of the equipment
Calibration of the equipment
Fuel or energy sources
Cooling systems
Suitability of the adopted model
Number of equipment
Current condition of the equipment
Calibration of the equipment
Fuel or energy sources
Feeder
Suitability of the adopted model
Number of equipment
Current condition of the equipment
Calibration of the equipment
Drinkers
Suitability of the adopted model
Number of equipment
Current condition of the equipment
Calibration of the equipment
Lighting systems
Suitability of the adopted model
Number of equipment
Current condition of the equipment
Calibration of the equipment

Fuel or energy sources
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Table 4 Continued
EQUIPMENT

Cleaning and disinfection
Adequacy of equipment for cleaning and disinfecting facilities
Adequacy of cleaning and disinfection equipment for animals
Control and monitoring systems
Dimensioning of measuring equipment
Adequacy of measuring instruments
Software Adequacy
Adequacy of Computers
Internet availability and quality
Adequacy of automation systems
Equipment calibration
Adequacy of communication systems
Adequacy of data storage systems
Farrowing crates
Adequacy of the adopted model

Current status of equipment

5.4 Handling category

The human-animal relationship is one of the prevailing factors in animal handling and welfare. Pigs with high levels
of fear of humans have poorer productive performance, resulting from chronic stress responses [122].

The management of breeding females involves a series of steps that may vary according to herd size and produc-
tion type. The challenges in handling this phase are numerous, including the introduction and adaptation of replace-
ment gilts, strategies for culling and herd replacement, management of gilts from prepubertal to mating phase,
weight, age, and number of heats, nutritional flushing, diagnosis and management of estrus, insemination, intrau-
terine growth, vaccination, reproductive management, post-mating and gestation management. Whatever the activ-
ity, if mismanaged, it can induce stress and subsequent thermal discomfort in the animals [123-127].

Handling in the farrowing house is challenging because of the need to provide an environment with temperatures
between 18°C and 24°C for sows and between 28°C and 32°C for piglets. At this stage, factors to be considered
include the farrowing model, housing of breeding animals, prepartum feeding, assistance with farrowing, handling
of newborn piglets, transfer of piglets, identification, castration, teeth clipping, tail docking, weaning, sanitary care,
and other activities that vary according to herd size and adopted practices. At this stage, piglets require intensive
handling, demanding techniques that ensure the lowest possible stress levels [128-132].

The nursery is a very sensitive stage in pig rearing, where piglets are separated from their mother and experience
a sudden change in diet after weaning, a new social environment, and new facilities. These factors are sources of
stress, and therefore, the best results in management will occur if this stress is substantially reduced, particularly
because the outcomes in this phase will reflect in the subsequent stages of rearing. An essential factor in the nursery
is temperature control, seeking to maintain animals in thermal comfort since large thermal amplitudes, associated
with high concentrations of gases and dust, can affect the respiratory tract and increase animal susceptibility to
diseases. However, young animals are still highly sensitive and require specific temperatures: between 28°C and
30°C from weaning to 35 days of age, 25°C from 35 to 42 days, 24°C from 43 to 56 days, and 23°C from 57 days
until they leave the nursery [133-138].

In the growing and finishing phase, the primary care is related to water and feed supply, care for the environment,
hygiene, and the health of animals. The ideal temperatures for animals in this phase are between 22°C and 23°C in
the first weeks and around 18°C at the end of the phase. Thus, considerable attention must be given to the number
of animals per pen, sanitary routines, feeding and supervision, as well as the care of cooling systems and water
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supply [5, 139-142].

Breeding males enter the growing and finishing phase at puberty, and their management involves both their de-
velopmental and functional stages. The main goal of handling in this phase should be to improve normal reproduc-
tive activity, provide comfort and welfare, and favor sperm production. Thus, some variables must be observed,
such as ease of animal handling and flow, type of housing facilities, flooring type, feeding equipment, water supply,
local climatic conditions, temperature control systems, location of breeding pens concerning other stages, semen
collection techniques, mating techniques, feeding plans, and replacement programs. Breeding males will be in the
thermal comfort zone when temperatures are between 18°C and 22°C. Therefore, a balanced human-animal rela-
tionship, aiming to minimize the stress of intense management, will make significant contributions to maintaining
animal temperature [143-146].

People play a fundamental role in animal husbandry. The human-animal relationship can be understood as the
level, intensity, or distance exerted during handling, which is perceived, developed, and expressed through mutual
behavior. Many variables are associated with pig handling, but what has been shown to be essential is the quality
and quantity of handling that involves physical, visual, and olfactory contact between people and animals. It is
important that those involved in handling, who will consequently have direct contact with the animals, have aptitude,
technical preparation, and, above all, an awareness of the need to respect the animals, so that the human-animal

relationship occurs positively and the animals’ stress levels are reduced [147-153], as presented in Table 5.

Table 5. Risk Map in Swine Thermal Comfort - Handling Category

HANDLING

Handling of breeding females

Separation by size/weight
Number of piglets per pen

Number of gilts per pen
Number of sows per pen
Ease of animal flow in the facility
Exposure to animals of the opposite sex
Timing and technique of transfer to
cages
Maintenance of facilities
Cleaning and disinfection
Animal hygiene
Supervision routines
Sanitary routines
Feeding handling
Heating systems management

Cooling systems management

Water supply management

Cage handling

Creeper handling

Nursery handling

Separation by size/weight

Period and technique of transfer to the

nursery
Facilities maintenance
Cleaning and disinfection
Animals’ hygiene

Supervision routines
Sanitary routines

Feeding handling
Heating systems management
Management of the water supply
Handling in rearing and finishing
Separation by size/weight
Quantity of animals per pen
Facilities maintenance

Cleaning and disinfection

Animals’ hygiene

Supervision routines

Sanitary routines

Breeding males handling

Available space to breeding males in pen
Ease in the flow of animals in the facility

Cleaning and disinfection
Feeding handling
Management of the water supply

Exposure to animals of the opposite sex
Heating systems management

Cooling systems management
Facilities maintenance
Animals’ hygiene
Supervision routines
Sanitary routines
Handling animals in cages
Handling in semen collection
People
Level of technical training for the activ-
ity
Level of training for handling control
and monitoring systems
Level of training for handling communi-

cation systems
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Table 5 Continued

HANDLING
) ) Level of training for handling automation
Maternity handling Feeding handling
systems
Timing and technique of transfer to the ) o )
) ) Cooling systems management Level of training in biosecurity
farrowing site
Birthing assistance Management of the water supply Training plans

Newborn piglets handling
Birth weight management
Young piglets handling
Uniformity and transfer of piglets
Maintenance of facilities
Cleaning and disinfection
Animal hygiene
Supervision routines
Sanitary routines
Feeding handling
Heating systems management
Water supply management

Creeper handling

5.5 Animal category

The animal is one of the main agents in the analysis and detection of thermal comfort. Physiological and behavioral
analyses are important sources of information in livestock management. Animals develop characteristic behaviors
when expressing emotions such as joy, anger, anxiety, and monitoring these behaviors generates data that assist in,
for example, disease detection, estrus identification, abnormal excretion, abnormal water intake, abnormal activity,
and abnormal respiration, among others. The animal should be understood as a biosensor; therefore, physiological
and behavioral changes will be a source of data for producers’ decision-making [154-156].

Unusual behaviors are usually signs of abnormality and can be manifested in various ways: biting, tail sucking,
ear sucking, flank sucking, vulva sucking, and aggression, among many others. Behavioral responses of pigs due to
climate change vary according to weight, age, reproductive cycle phase, health, and housing systems [157-159].

Among the various forms of behavioral responses of pigs are stereotyped behaviors. Stereotypies have a com-
pensatory, calming function, manifested as invariant, repeated sequences of apparently purposeless movements that
arise when the animal has no control over its environment. This behavior develops in animals kept in environments
with few stimuli, physical restraint, fear, frustration, and thermal discomfort [160-163].

Under high temperatures, to maintain thermal homeostasis, pigs develop physiological and behavioral responses
that require additional energy expenditures, which implies negative impacts on productive parameters. Behavioral
responses typically include a decrease in voluntary food intake, an increase in respiratory frequency and water intake,
searching for cooler surfaces to lie down, seeking cooler areas, wallowing, showing more agitated behavior, trying
to keep a distance from other animals, excessive salivation, and other behaviors that vary according to the facilities
[29, 164-166].

Pigs in the maternity phase are extremely sensitive to low temperatures, which also occurs, to a lesser extent, in
the nursery phase. To maintain body temperature in the comfort zone, pigs tend to seek shelter from drafts, cluster
together, increase physical activity level, increase food intake, and may even show body tremors [166-168].
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Table 6. Risk Map in Swine Thermal Comfort - Animal Category
ANIMAL

Unusual behaviors
Bites
Tail sucking
Ear suction
Flank suction
Vulvar suction
Aggressiveness
Stereotypies
Curl the tongue
False mastication
Chewing of installation parts
Shaking the head
Behavior in high temperatures
Stay away from each other
Seek cooler surfaces
Wallow
Seek out areas with cooler air
Panting breathing
Agitation and restlessness
Excessive salivation
Appetite change
Behavior at low temperatures
Body tremor
Stays grouped
Goosebumps
Seek warmer surfaces

Appetite change

5.6 The Risk Map in Swine Thermal Comfort

The Risk Map in the Swine Thermal Comfort tool presents a comprehensive and important set of factors directly
related to pig farming, with which potential risk sources may be associated. The map represents an essential step in
the creation and development of risk management processes with a holistic approach, allowing for the identification,
measurement, and management of risks in a consistent and systematic manner.

The map supports producers in identifying risks in thermal comfort to which the herd is exposed, contributing to
the identification of possible connections with unlisted risks, thereby preventing peculiar and inherent characteris-
tics of their herd from being ignored. The map is a simple yet valuable tool that underpins producers’ observations
on such an important topic for pig farming as the thermal comfort of animals. At the farm where the tool was tested,
the research team observed that it provided a broader perspective on thermal comfort risks. Additionally, it fostered
the perception that the map could facilitate mental associations beyond the theme of thermal comfort, extending to
all other areas of pig farming. The tool Risk Map in Swine Thermal Comfort is a new proposal for a risk identifica-
tion method that allows for the recognition of vulnerable points in relation to thermal control. By identifying these
risks, producers can make more assertive and effective managerial decisions, which characterizes the tool as an
important step in the risk management process.

Pig farming is a complex system, composed of a wide range of activities that require frequent decision-making.
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In this sense, the Risk Map in Swine Thermal Comfort is a tool that will assist producers in making these decisions.

The tool can also be used to orient new workers, train personnel, or other interested groups.
It is important to note that when using the tool, it is essential that the producer does not limit themselves to the

general view proposed in the map but incorporates their individual perspective, as they are the holders of an in-
depth view of the specific risks of their own herd. In this way, the results will consider their context.

Table 7. Risk Map in Swine Thermal Comfort

FACILITIES

EQUIPMENT HANDLING

ANIMAL

Local Climate

Temperatures
Thermal amplitude
Relative humidity

Wind intensity

Predominant wind direction

Precipitation

Location

Orientation of the facility
Distance between the facili-
ties
Housing system

Width of the facilities

Length of the facilities

Type of construction material

Current condition of the stalls

Size of the stalls

Ceiling height

Floors

Adequacy of the type of floor

for each stage

Current floor condition

Manure intensity

Handling of breeding fe-
Ventilation
males
Suitability of the adopted ) ] )
Separation by size/weight

model

Number of equipment Number of piglets per pen

Current condition of the
Number of gilts per pen

equipment
Calibration of the equipment Number of sows per pen
Ease of animal flow in the fa-
cility

Exposure to animals of the

Fuel or energy sources

Heating systems .
opposite sex

Suitability of the adopted Timing and technique of

model transfer to cages

Number of equipment Maintenance of facilities

Current condition of the ) o )
Cleaning and disinfection

equipment

Calibration of the equipment Animal hygiene

Fuel or energy sources Supervision routines

Cooling systems Sanitary routines

Suitability of the adopted ) )
Feeding handling

model

Number of equipment Heating systems management

Current condition of the )
Cooling systems management

equipment

Calibration of the equipment Water supply management

Fuel or energy sources Cage handling
Feeder Creeper handling
Suitability of the adopted
Maternity handling

model
Timing and technique of

Number of equipment o
transfer to the farrowing site

Unusual behaviors

Bites
Tail sucking
Ear suction
Flank suction

Vulvar suction
Aggressiveness

Stereotypies
Curl the tongue
False mastication

Chewing of installation parts
Shaking the head
Behavior in high tempera-

tures
Stay away from each other
Seek cooler surfaces
Wallow

Seek out areas with cooler air

Panting breathing

Agitation and restlessness
Excessive salivation

Appetite change
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Table 7 Continued

FACILITIES

EQUIPMENT HANDLING ANIMAL
Current condition of the o ) Behavior at low tempera-
Shallow Pool ) Birthing assistance
equipment tures

Roof Calibration of the equipment Newborn piglets handling Body tremor

Type of roofing Drinkers Birth weight management Stays grouped
o Suitability of the adopted ) )

Current condition of the roof Young piglets handling Goosebumps

Cooling system

Skylights

Eaves
Water
Availability in sufficient
quantity
Quality

Distribution system

Backup reserve
Surrounding areas

Afforestation

Shading systems

Type of flooring

Creep

Dimension

Construction material

Flooring type
Roof type

Heating type

model
Number of equipment

Current condition of the
equipment
Calibration of the equipment
Lighting systems
Suitability of the adopted
model
Number of equipment
Current condition of the
equipment
Calibration of the equipment
Fuel or energy sources
Cleaning and disinfection
Adequacy of equipment for
cleaning and disinfecting fa-
cilities
Adequacy of cleaning and
disinfection equipment for an-
imals
Control and monitoring sys-
tems
Dimensioning of measuring
equipment
Adequacy of measuring in-
struments
Adequacdo dos Softwares
Adequacy of Computers
Internet availability and qual-
ity
Adequacy of automation sys-
tems

Equipment calibration

Uniformity and transfer of

- Seek warmer surfaces
piglets

Maintenance of facilities Appetite change

Cleaning and disinfection

Animal hygiene
Supervision routines
Sanitary routines
Feeding handling

Heating systems management
Water supply management

Creeper handling

Nursery handling

Separation by size/weight
Period and technique of trans-
fer to nursery

Facilities maintenance

Cleaning and disinfection

Animals hygiene

Supervision routines

Sanitary routines

Feeding handling

Heating systems management
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Table 7 Continued
FACILITIES EQUIPMENT HANDLING ANIMAL
Adequacy of communication Management of the water
systems supply

Adequacy of data storage sys- Handling in rearing and fin-

tems ishing
Farrowing crates Separation by size/weight
Adequacy of the adopted ) )
Quantity of animals per pen
model
Current status of equipment Facilities maintenance

Cleaning and disinfection
Animals hygiene
Supervision routines
Sanitary routines
Feeding handling
Cooling systems management
Management of the water
supply
Breeding males handling
Available space to breeding
males in pen
Ease in the flow of animals in
the facility
Cleaning and disinfection
Feeding handling
Management of the water
supply
Exposure to animals of the
opposite sex
Heating systems management
Cooling systems management
Facilities maintenance
Animals hygiene
Supervision routines
Sanitary routines
Handling animals in cages
Handling in semen collection
People
Level of technical training for

the activity
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Table 7 Continued

FACILITIES EQUIPMENT HANDLING ANIMAL

Level of training for handling
control and monitoring sys-
tems
Level of training for handling
communication systems
Level of training for handling
automation systems
Level of training in biosecu-
rity

Training plans

6. Final Considerations

This research has unveiled an innovative proposal for risk identification by presenting the Risk Map in Swine Ther-
mal Comfort, an important tool that will guide producers in identifying factors that may pose risks to animal thermal
comfort. Identifying risks is an essential step in creating and developing a holistic risk management process, and
having a tool that guides this identification process is a substantial contribution to both producers and the advance-
ment of the field.

Future studies can expand the number of risks on the map, further refining the tool and expanding its applicability.
Nevertheless, this new tool, and others that may be developed, need to be tested with enough producers, enabling
not only improvements to the tool but also the emergence of other tools that meet the specific characteristics of
different types of farming.
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