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ABSTRACT
Evaluation of the comfort and animal welfare parameters enables determining the best environmental conditions for livestock creation. 
The present study was aimed to determine the thermal comfort index for beef cattle using interpolation techniques for the State of Mato 
Grosso do Sul during extreme summer and winter seasons for a period of 10 years. The analysis was performed on the climatic variables 
data provided by the National Institute of Meteorology, Brazil. The maximum (THImax) and minimum (THImin) temperature and humidity 
indices (THIs) of 28 weather stations distributed across the state were calculated, and the thematic maps of the THIs (maximum and 
minimum) calculated for the summer and winter seasons were prepared. The results revealed a state of emergency in the two largest 
animal-producing cities in the state; namely, Corumbá and Ribas do Rio Pardo, while two other cities, Chapadão do Sul and Costa Rica 
emerged as favorable regions for the production of beef cattle. The Spline method used in the present study, therefore, proved to be a 
suitable tool for analyzing a small number of weather stations distributed over a large territorial area.

Index terms: Ambience; animal welfare; Spline method; livestock.

RESUMO
A avaliação dos parâmetros de conforto e bem-estar animal permite determinar as melhores condições ambientais para a criação 
de gado. O presente estudo teve como objetivo determinar o índice de conforto térmico para bovinos de corte utilizando técnicas de 
interpolação para o Estado de Mato Grosso do Sul durante os períodos extremos de verão e inverno por um período de 10 anos. A análise 
foi realizada com base nos dados de variáveis   climáticas fornecidos pelo Instituto Nacional de Meteorologia, Brasil. Foram calculados os 
índices máximo (ITUmax) e mínimo (ITUmin) de temperatura e umidade (ITUs) de 28 estações meteorológicas distribuídas pelo estado e 
elaborados os mapas temáticos dos ITUs (máximo e mínimo) calculados para os períodos de verão e inverno. Os resultados revelaram 
estado de emergência nas duas maiores cidades produtoras de animais do estado; a saber, Corumbá e Ribas do Rio Pardo, enquanto duas 
outras cidades, Chapadão do Sul e Costa Rica surgiram como regiões favoráveis   à produção de gado de corte. O método Spline utilizado 
no presente estudo, portanto, mostrou-se uma ferramenta adequada para analisar um pequeno número de estações meteorológicas 
distribuídas em uma grande área territorial.

Termos para indexação: Ambiência; bem estar animal; método Spline; pecuária de corte.

INTRODUCTION

Brazilian agribusiness holds a prominent position 
globally due to its production systems, both grain, and 
animal, which account for over a quarter of the GDP (Gross 
Domestic Product) of Brazil (Centro de Estudos Avançados 
em Economia Aplicada - CEPEA, 2021). Animal 
production in Brazil includes the beef cattle industry, which 
boasts of the largest herd of cattle in the world, allowing 
Brazil to become the largest global exporter of meat and the 

second largest in terms of meat production after the United 
States of America (Associação Brasileira das Indústrias 
Exportadoras de Carne Industrializada - ABIEC, 2020). 

The state of Mato Grosso do Sul (MS) is one of the 
largest beef producing regions in Brazil, ranking fifth in the 
country, with an inventory of approximately 20 million head, 
while its northernmost city Corumbá ranks second in the 
country, which demonstrates the economic representativeness 
of the state (Instituto Brasileiro de Geografia e Estatística 
- IBGE, 2019). There is a strong presence of beef cattle 
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ranching in all the physiographic regions of MS; however, 
the state is characterized by high temperatures throughout the 
year and high levels of insolation, and high solar incidence 
throughout the territory, as reported by Lovatto et al. (2020), 
and these inadequate climatic conditions could limit the 
productivity of beef cattle (Silva et al., 2020).

Cattle are homeothermic animals, i.e., they have the 
ability to control their body temperature within a limited 
range when exposed to huge variations in the environmental 
temperature, which is achieved via a physiological 
thermoregulation mechanism (Rashamol, 2018). Therefore, 
comfort indices are used for predicting the environmental 
conditions that the animals would be subjected to; this will 
avoid stress to the animals (Pezzopane et al., 2019).

Climate characteristics are among the factors that 
might limit meat production. According to Reis (2015) and 
Molento (2005), meat quality depends on various factors, 
such as animal race, transport, storage, and slaughter 
conditions, and is improved by the adoption of good animal 
management practices aimed at avoiding stress to animals 
and providing them welfare and better thermal comfort. 
The association of high temperature, high air humidity, 
and incident solar radiation might lead to undesirable 
behavioral and physiological changes in animals (Dash et 
al., 2016; Alam et al., 2013; Rashamol, 2018). 

Owing to the productive potential of beef cattle 
in the state of Mato Grosso do Sul and the possibility of 
immense growth in this sector, it is necessary to advance the 
research related to animal welfare, along with the mapping 
of climatic conditions that these animals would be subjected 
to. Bioclimatic mapping is a technique that facilitates 
undertaking the right decisions regarding environmental 
management and thereby minimizing the stress caused to 
animals due to climatic conditions (Aparecido et al., 2016). 

In this context, the present study was aimed to 
conduct the bioclimatic mapping for beef cattle in the 
state of Mato Grosso do Sul based on the Temperature 
and Humidity Index (THI) values.

MATERIAL AND METHODS
The state of Mato Grosso do Sul is the sixth largest 

state in Brazil, with a total area of 357,145 km². It is located 
in the central-western region of the country, between the 
coordinates LAT 20°45’0S and LONG 54°30’0W (IBGE, 
2021). According to Köppen, the climatic classification of 
the state of Mato Grosso do Sul is Af (tropical equatorial), 
Am (tropical monsoon), Aw (tropical savanna), and Cfa 
(humid subtropical), with rainy summers and dry winters 
(Alvares et al., 2013). 

In the present study, data on the average values of 
maximum temperature (Tmax), minimum temperature (Tmin), 
maximum relative humidity (RHmax), and minimum relative 
humidity (RHmin) of the air, at 28 automatic meteorological 
stations located in the state of Mato Grosso do Sul, were 
collected between January 2009 to December 2019. The 
data were provided by the National Institute of Meteorology 
(Instituto Nacional de Meteorologia - INMET, 2021) and are 
presented in Figure 1 depicted below.

The collected data were organized in spreadsheets and 
later developed into a database, which is being introduced 
as the International Geographic Coordinate System (IGS). 
Subsequently, using these data on Tmax, Tmin, RHmax, and 
RHmin, the values of maximum (THImax) and minimum 
(THImin) temperature and humidity indices were calculated 
for winter (June to September) and summer (December to 
March) seasons over a period of 10 years.

In order to verify the variability of the attributes, 
the descriptive statistics of Tmax, Tmin, RHmax, RHmin, THImax, 
and THImin were obtained using the Minitab 19® Statistical 
Software (MINITAB, 2017). The following were determined 
based on a comparison of summers and winters over the 
considered 10 years: mean, median, variation coefficient, 
asymmetry, and kurtosis.

Thematic maps and geoscience were employed for 
the climatic zoning of this region, including the Spline 
method, which is considered the best linear model adjusted 
in extensive regions with a reduced distribution of climatic 
seasons (Greco; Ventrucci; Castelli, 2018).

The Spline method was preferred for the present 
research as it provides better performance by dividing the 
polynomials into a series of data subsets and another series 
of small order polynomials for each of the subsets (Greco; 
Ventrucci; Castelli, 2018). The algorithm used in this kind 
of modeling is referred to as Thin Plate Spline (TIN) and is 
available in the QGIS 3.0.3® software. TIN interpolation uses 
sampling points to create a surface formed of triangles based on 
information from the nearest neighbor point (Duchon, 1976).

Therefore, interpolations of the values of temperature 
and humidity indices (THIs) were realized using the points of 
the meteorological stations and calculated using Equation 1, 
through map algebra, from the multiplication of all the factors in 
the equation using the Raster calculator tool in the QGIS 3.0.3® 
software. Equation 1 was originally proposed by Buffington, 
Collier and Canton (1982) and is presented below:

(1) 0.8 14.3 /100 46.3   THI dbt RH dbt

where  denotes dry bulb temperature (°C) and  denotes 
relative humidity (%).
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After analyzing the values obtained from the values 
of THImax and THImin, thematic maps for the state of MS 
were prepared for summer and winter seasons, respectively, 
using the classification of limits proposed by Hahn (1985) 
for several breeds of beef cattle, as presented in Table 1.

hyperthermia. The last classification, the EMERGENCY 
situation, indicates the death of the cattle.

The spatial dependence verification was realized 
according to the method reported by Dalchiavon et al. 
(2012), who used the ratio between the nugget effect (C0) 
and the threshold (C0 + C1), along with C1/(C0 + C1), to 
classify the Spatial Dependency Index (SDI) as follows: 
very low (SDI < 20%), low (20% ≤ SDI < 40%), medium 
(40% ≤ SDI < 60%), high (60% ≤ SDI < 80%), and very 
high (80% ≤ SDI ≤ 100%).

RESULTS AND DISCUSSION

The estimated values of the descriptive statistics 
corresponding to the average of the 10 years of the summer 
season are presented in Table 2. 

Table 2 reveals that the mean and median values 
obtained for the summer season were close. The RHmax 
and THImax values presented negative asymmetry, which 
demonstrated the negative oscillation of these variables. The 
kurtosis, which indicates the degree of concentration of a set 
of values distributed around a central value, was positive, 
which according to Giacalone (2020), is a Leptocurtic Kurtosis 
(kurtosis > 0). In other words, as the kurtosis presented values 
close to the obtained average, the THI data suggested a 
concerning situation in terms of thermal comfort. 

Figure 1: Automatic meteorological stations in the state of Mato Grosso do Sul.
Source: author. 

Table 1: Temperature and humidity index (THI) levels 
for beef cattle. 

THI level Comfort situation
≤60.0 ALARMING

61.0–70.0 COMFORT
71.0–78.0 ALERT
79.0–83.0 DANGER

84.0 EMERGENCY
Adapted from Hahn (1985).

The THI classification corresponding to the comfort 
situation implies that the cattle are in an ideal state of 
well-being. The ALARMING situation implies that the 
cattle might have hypothermia. The ALERT situation 
indicates that the animals would exhibit stress and would 
be searching for water and shade. The DANGER situation 
implies that beef cattle are at the risk of death due to 
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The values of standard deviation and coefficient 
of variation which are measures of dispersion and 
indicate uniformity of the data were small, i.e., the data 
were close to the mean and could be considered uniform 
(Giacalone, 2020). 

Similarly, the descriptive statistics corresponding to 
the average of 10 years of the winter season are presented 
in Table 3. 

The analysis of the Tmin and RHmin values revealed 
that these variables have high variation coefficient 
values, which indicates variability in the analyzed 
data. Asymmetry presented values close to zero, which 
indicates proximity between the mean and the median. The 
distribution (asymmetric) was positive during the winter 
season studied, which justifies applying the interpolation 
using the Spline method.

All the variables presented in Table 3 demonstrated 
Platicurtic Kurtosis (kurtosis < 0), with the Tmin closer to 
the normal distribution. 

In general, the statistics for the summer season 
(Table 2) and winter season (Table 3) demonstrated a weak 
spatial dependence of the analyzed indices. This could 
be because, as observed by Silva et al. (2020), when the 
distributions of the thermal variables and the indices in 
space are random, the studied variables present different 
degrees of spatial dependence.

The values obtained for Tmax indicated that the state 
of MS has summers with high temperatures, ranging from 
28.65 °C in Chapadão do Sul to 34.65 °C in Porto Murtinho 

stations. The maximum relative humidity (RHmax) values 
of 90.26% and 82.79% were obtained for Porto Murtinho 
and Sete Quedas stations, respectively.

 The Tmin values obtained indicated that the state 
of MS has winters with temperatures varying between 
13.24 °C and 19.35 °C, in Amambai and Corumbá cities, 
respectively. The minimum relative humidity (RHmin) 
values were between 35.91% and 54.74%, in Nhumirim 
and Sete Quedas stations, respectively.

The ideal Thermal Comfort Zone (TCZ) for beef cattle 
must be delimited by the Upper Critical Temperature (UCT) 
of −6 °C and the Lower Critical Temperature (LCT) of 27 °C. 
In the TCZ, the animals do not require putting any effort in the 
form of thermoregulatory mechanisms and, therefore, do not 
feel hot or cold and are in total comfort (Oliveira; Knies, 2019).

When an animal is subjected to a temperature below 
the LCT, it is considered to be under cold stress. On the 
other hand, when it is subjected to a temperature above the 
UCT, it suffers from heat stress. Therefore, in the summer 
and winter seasons, the less adapted animals might feel 
serious discomfort or could even die due to the temperature 
conditions and relative humidity in the air (Avalo et al., 2019). 

According to the IBGE (2019) data, Zebu (Bos 
taurus indicus) is the main genetic resource utilized in 
beef cattle production in the state of MS. Therefore, based 
on the report of Baêta and Souza (2010), who reported 
the UCT of 10 °C and the LCT of 27 °C, the Tmax and Tmin 
values obtained for the state of MS indicate situations of 
heat stress and cold stress to the animals.

Table 2: Descriptive statistics of the environmental variables and THI for the average summers. 

Variable N Mean SD VC Median Asymmetry Kurtosis
Tmax 28 31.752 1.448 4.56 31.439 0.19 0.24

RHmax 28 87.228 1.824 2.09 87.585 -1.02 0.69
THImax 28 86.900 2.140 2.46 86.522 -0.08 0.27

Tmax (°C): Maximum air temperature; RHmax (%): Maximum relative humidity in the air; THImax: Maximum Temperature and 
Humidity Index; N: Number of weather stations studied; SD (%): Standard deviation; VC (%): Variation Coefficient. N: Number of 
weather stations used for data acquisition.

Table 3: Descriptive statistics of the environmental variables and THI for the average winters.

Variable N Mean SD VC Median Asymmetry Kurtosis
Tmin 28 15.885 1.648 10.37 15.770 0.33 -0.48

RHmin 28 44.78 5.53 12.34 45.36 0.03 -0.75
THImin 28 59.551 1.971 3.31 59.608 0.35 -0.54

Tmin (°C): Minimum air temperature; RHmin (%): Minimum relative humidity in the air; THImin: Minimum Temperature and Humidity 
Index; N: Number of weather stations studied; SD (%): Standard deviation; VC (%): Variation Coefficient. N: Number of weather 
stations used for data acquisition.
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Thematic maps prepared using the averages of 
the 10 years of the summer season and 10 years of the 

winter season are depicted in Figure 2 (a) and Figure 2 
(b), respectively.

Figure 2: Thematic maps of the THI (a) maximum for the summers and (b) minimum for the winters in the state 
of MS during the studied 10 years.

(a)

(b)
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The red color in the thematic map depicted in 
Figure 2 (a) indicates a situation of great emergency in 
the state of MS during the summer season. The regions 
highlighted in red included the Pantanal Sul-mato-
grossense meso region, where the Corumbá city, which 
has the second-largest cattle herd in the country, is located, 
and the eastern meso region, where the Ribas do Rio Pardo 
city, which has the third-largest cattle herd in the country, 
is located (IBGE, 2019).

The other regions important for the livestock that were 
indicated in the situation of emergency were the Center–North 
and the Southwest meso regions; these regions contain a high 
number of municipalities and together rank second among the 
meso regions in terms of the number of cattle head (IBGE, 
2019). The danger situation was indicated for only two 
regions – the Chapadão do Sul and Costa Rica. These data 
demonstrate that the animals in the state of MS are exposed 
to high-stress conditions during the summer season.

The winter season in the state of MS is mostly 
dry, with occasional frosts occurring in the months of 
July and August (Correa et al., 2020). The blue color in 
the thematic map depicted in Figure 2 (b) indicates an 
alarming situation for the state of MS during the harsh 
winter period. According to Hanh (1985), this situation 
corresponds to animals suffering from cold stress. The 
regions classified in the alarming situation included most 
of the Southwest meso region and the East, as well as the 
cities of Chapadão do Sul and Costa Rica. 

However, for the harsh winter period, most regions 
in the state, including the Pantaneira meso region and part 
of the Northern meso region, were classified in the comfort 
situation, which is considered the best condition for cattle. 
These results indicate the possibility of stress to animals 
and even animal death due to hypothermia, mainly during 
the period of thermal inversion.

The Spatial Dependency Index (SDI) considers the 
geometric aspects of the semivariogram and encompasses 
all the characteristics of spatial dependence (Pinto et al., 
2019). The semivariogram was calculated and subsequently 
utilized to obtain the medium spatial dependence index 
(40% ≤ SDI < 60%). Barbieri et al. (2016) and Silva et 
al. (2020) also obtained similar results, separately, when 
working with the climatic classification of the states of 
Mato Grosso (MT) and Mato Grosso do Sul (MS), both 
with reference to the automatic weather stations.

CONCLUSIONS
The mean maximum and minimum values 

obtained in the present study indicate that Mato Grosso 

do Sul (MS) is a state with compromised regions for 
beef cattle production, where systems that would assist 
in providing adequate thermal comfort to the animals 
are required to be established. On the other hand, the 
regions of Porto Murtinho and Nhumirim in the state 
of MS are suitable for cattle production. Furthermore, 
the THI-based thematic map proved to be an efficient 
tool for analysis in the present study as it enabled the 
visualization and representation of the climate in the 
regions in relation to temperature and relative humidity 
in the air. In addition, the Spline method proved to be 
valuable for representing the thematic maps when there 
were few sampling units in the location being studied. 
It is noteworthy that the use of THI enabled a better 
understanding of the thermal comfort and welfare of beef 
cattle. However, to improve the production level of these 
animals, proper management strategies, such as specific 
diets and supplementations, animal race, shading, and 
good quality water, etc., are required.
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