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Abstract 

Climatic changes and high temperatures have been affecting animal production and the well-being of laying birds, with 

heat stress and high mortality rates, generating economic losses. Legacy databases can contain information to help model 

thermal comfort at climatic extremes. They can enable decision trees to be created through the use of data mining to 

prevent mortality and production losses. Thus, the objective of this study is to seek to develop decision trees, for 

application as an alert system, for the incidence of caloric stress in the production of layers. We used a database of three 

aviaries located in the city of Bastos-SP, collected in 2013. The data were organized in Excel® spreadsheets, and processed 

with the Weka® software with the J48 (C4.5) algorithm for mining of the data. The technique allowed the construction of 

decision trees that in the chosen sheds were classified with respectively 99.73%, 99.61%, and 98.71% of correct answers 

and with Kappa indexes equal to 0.9958, 0.9907 and 0.9663, which indicate that the three classifiers built are excellent. 

Thus, the proposed system, with the decision trees built, can serve as a basis for the construction of an alert system to be 

applied to the three warehouses simultaneously. 
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Abstract 

Climatic changes and high temperatures have been affecting animal production and the well-being of 

laying birds, with heat stress and high mortality rates, generating economic losses. Legacy databases can 

contain information to help model thermal comfort at climatic extremes. They can enable decision trees 

to be created through the use of data mining to prevent mortality and production losses. Thus, the 

objective of this study is to seek to develop decision trees, for application as an alert system, for the 

incidence of caloric stress in the production of layers. We used a database of three aviaries located in the 

city of Bastos-SP, collected in 2013. The data were organized in Excel® spreadsheets, and processed with 

the Weka® software with the J48 (C4.5) algorithm for mining of the data. The technique allowed the 

construction of decision trees that in the chosen sheds were classified with respectively 99.73%, 99.61%, 

and 98.71% of correct answers and with Kappa indexes equal to 0.9958, 0.9907 and 0.9663, which indicate 

that the three classifiers built are excellent. Thus, the proposed system, with the decision trees built, can 

serve as a basis for the construction of an alert system to be applied to the three warehouses 

simultaneously. 

 

Keywords: Sustainability. Climatic Extremes. Data Mining. Layer Poultry. 

 

1.  INTRODUCTION 

Climate change has been affecting agricultural systems. INMET- Brazilian National Institute of 

Meteorology [1] issued a heatwave warning with a degree of severity of danger with temperatures of 5 ° C 

above average for a period of 3 to 5 days that began on September 12, 2019, the one where it reaches 

several regions of the states of São Paulo and Mato Grosso do Sul, with Bastos-SP being one of the affected 
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municipalities. 

At the same time, the demand for this animal production increases in the world due to the growth of 

the population and the increase in per capita income in developing countries, according to [2], the world 

population by 2050 should surpass 9 billion, consequently the demand for products of animal origin (meat, 

milk, eggs) also increases. Therefore, it is necessary to understand how animal production systems are 

affected by extreme events, which are becoming more frequent and intense with climate change. 

There is a discussion within the global context, which presents itself as a major interdisciplinary 

challenge of studies applied to propose strategies to mitigate the impacts of climate change on production 

systems [3], [4] and [5]. 

These advances must occur in a combination of expanding current knowledge, innovative research, 

and effective dissemination of research [6]. 

One of the main causes of losses in modern poultry is the bioclimatic and aerial environment, being 

one of the main causes. According to [7] the climatic extremes that have been happening can generate 

severe losses in production, due to heat stress, severely impacting the use of new approaches in the genetic 

selection of animals. In addition to thermal stress being harmful to laying birds as it leads to increased 

mortality, it also causes loss of body condition that directly affects the number of eggs that would be 

produced, and it is important that geneticists can predict the impact of environmental factors on climate 

adaptation [8]. 

Thermal stress causes a drop in feed intake, lower growth rate, higher water consumption, an 

acceleration of the heart rate, changes in feed conversion. And it leads to a drop in egg production and a 

higher incidence of eggs with soft shells, a decrease in egg size, a noticeable decrease in quality standards 

and a reduction in fertility and hatchability of eggs [9], [10] and [11]. 

Searching for solutions to mitigate these problems that directly affect productivity and mortality, 

consequently, animal welfare, producers, and researchers began to collect a large volume of data regarding 

their production. For this, much data is currently collected through research, but often they are not used or 

still do not offer the expected result.  

Data mining is a very promising technology in this context, making use of this collected data generating 

useful information for the development of decision trees, giving the producer the decision making in a 

given problem through the use of the data mining tool in the database that the producer has collected. Is 

also, among other tools aimed at decision making and more precise actions, has contributed to the 

advancement and speed of research in animal production. 

Data mining is a database analysis technique that stands out, being very promising in several areas of 

knowledge, according to [12] involves tasks of classification, association, or grouping. The classification 

encompasses several interesting application possibilities, derived from the ability to develop patterns that 

can be represented graphically through a decision or classification tree. 

Given the presented scenario, it is assumed that, based on data mining, decision trees can be developed, 
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generating the bases for the creation of an alert system for the incidence of caloric stress, minimizing the 

losses caused by heat that affect the well-being and productivity of laying hens in production sheds. 

 

2.  LITERATURE REVIEW 

According to [13], the increase in productivity is related to several factors, such as improvement of 

lines and inputs, investments in the automation of the production process, improvement of employees 

concerning management, control of sanitary conditions, among others. 

External environmental factors can interfere with the microclimate generated inside the facilities, 

thereby causing impacts on production, with consequent economic losses to exploration. Besides, heat 

stress can affect the metabolism of laying hens, generating reflexes, and impacts on the production amounts 

and egg quality. 

As indicated by [14], maximum productivity in laying hens is achieved when they are in an 

environment that provides minimal energy changes and meets welfare needs, where the bird has the 

complete state of its physical and mental health, comfort state for the animal. 

For this, in the last ten years, a lot of data has been collected through research, however, these legacy 

databases are often not fully used or still do not offer the expected result. 

Data mining is a very promising technology and in this context it has been making use of this collected 

and unused data in its entirety, thus allowing it to be generating useful information for the development of 

decision trees, giving the producer the support for decision making about some of the problems that arise 

in the day-to-day processes through the use of the data mining tool in the database that the producer has 

previously collected. 

This large volume of data requires computational means and specific techniques to interpret them [15]. 

Several Data Mining Techniques have been used to detect relationships between the different attributes 

found in large databases [16]. 

Decision trees classify cases using their rules based on the values of each determinant data. Each node 

in a decision tree represents a rule in a classification instance, and each branch represents a value that the 

node can assume. A decision tree starts at the root node which is the most relevant attribute and is ordered 

based on their values up to the leaves [17]. 

According to the authors [18] and [19], data mining is a database analysis technique that has been 

applied in several areas of knowledge. This fact, according to [12], involves classification, association, or 

grouping tasks. 

In their work, [20] related, the occurrence of heatwaves with the incidence of high mortality of layers 

created in different types of facilities, using a database. The classification was made on normal and high 

mortality through data mining using the J48 algorithm. The authors find a classification tree with 71% 

accuracy for high mortality. Thus, the use of mining with the generation of the classification, made it 

possible to associate the occurrences of a heatwave with the increase in the mortality of laying hens. 
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3.  MATERIAL AND METHODS 

This study was divided into two stages, wherein the first stage the survey of the database resulting 

from a collection of data from Dry Bulb Temperature (ºC) and Relative Air Humidity (%), carried out in 

2013, was carried out. in three commercial laying hens, two of the vertical system type and one of the 

pyramid type. 

The aviaries belonged to the same commercial farm, located in the municipality of Bastos-SP (latitude 

21º55'19 "south and longitude 50º44'02" west, the altitude of 445 meters). 

The region's climate is subtropical Aw (rainy tropical with dry winter and coldest month with an 

average temperature above 18ºC. The driest month has precipitation below 60 mm and the rainy season is 

late for autumn). 

The layers used in the study were from the Dekalb White line, all of the same age and with the same 

dietary composition, which entered the production system in March 2013, at 17 weeks of age. 

The aviaries differed concerning the typology, construction material, and air conditioning systems 

(without air conditioning, the tunnel with negative pressure, and sprinkling on the roof), named A1, A2, 

and A3 respectively. 

This experiment was approved by the Commission for the Use of Animals in Research, Teaching, and 

Extension (CEUA) of FCAT / Unesp under protocol number 11/2012. 

The monitoring of the external environment was carried out through the collection of meteorological 

data from the station installed on the Tupã Campus, which is about 20 km from the municipality of Bastos. 

During the study, the year of production of 2013 was evaluated. 

Data loggers were distributed inside each aviary to measure the variables. 

To characterize the internal environment of the warehouses, dry bulb temperature (Tbs) and relative 

humidity (UR) were monitored, using thirty-one HOBO U12-012 data loggers (Onset®). 

Five HOBO data loggers were separated for possible substitutions. 

Seven HOBO data loggers were distributed in aviary A1 and twelve HOBO data loggers in shed A2 

and A3. 

These data loggers recorded bioclimatic variables every thirty minutes, installed in each corridor of 

the warehouses, and at three different heights. 

Operation of shed A1 (Pyramidal): The production system is of the pyramidal type, with three floors 

of cages and two batteries. 

Feeding was carried out automatically, water was supplied ad libitum and carried out by nipple drinkers. 

This shed did not have any type of air conditioning system. 

Operation of shed A2 (Negative tunnel): It was a production system of the vertical type, containing 

three batteries with six floors of cages. 

The feed was supplied by automatic feeder and water was available in ad libitum drinkers, three for 

every two cages. The feed was the same provided in shed A1 due to the birds being of the same age and 

lineage. 

In this warehouse, twelve HOBO data loggers were installed, distributed in three units per corridor. 

In this shed, the air conditioning system was carried out by exhaust fans and pad cooling (made of 
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cellulose). With fourteen exhaust fans at one end of the building and the other, the pad cooling also presents 

on the right and left sides of the end. 

As for the handling of the curtains of this shed, they remained closed throughout the day, due to the air 

conditioning system that requires total sealing of the environment for the adiabatic tunnel to function and 

so that the internal conditions were not affected by the external ones. 

Operation of the A3 shed (without air conditioning): The A3 shed was of the vertical type and had 

no air conditioning system, its natural ventilation, and sprinkling on the roof. 

Feeding was performed by the automatic feeder, nipple drinkers, and water was offered ad libitum. 

The diet offered was the same as in sheds A1 and A2. 

There were two batteries with six levels of cages, one battery consisting of wire cages and the other 

made of polyethylene. Twelve Hobos were installed in this shed. 

Calculation of the THI: For each assessment, both those carried out by the HOBO data loggers from 

the data from the experiment, the Temperature and Humidity Index (THI) was calculated using the equation 

proposed by [21]. 

Comfort bands were used according to the THI, these bands were obtained through the 4 stress zones. 

The definition in 4 zones, were based on the thermoneutrality center using air temperature (minimum and 

maximum) and relative humidity (RH), which are based on [22] and [23], and the laying lineage manual 

[24]. 

Table 1 describes each of them: 

 

Table 1 - Comfort zones according to THI. 

Zone   THI  Stress Level 

1   < 67,16  Mild Stress 

2   67,16 to 76,96  Thermoneutrality 

3   76,97 to 89,85  Heat Stress 

4   > 89,96  Emergency 

Source: Adapted from [22] and [23], and the laying lineage manual [24]. 

 

 Data Mining: The second stage of the study consisted of carrying out the Data Mining process and 

this was divided into distinct phases, which were cyclically followed, to allow for new considerations and 

reassessments concerning the domain and the inclusion or exclusion of attributes, according to the 

methodology proposed by the CRISP-DM consortium [25]. 

The data were computationally processed using the Weka® program version 3-8-3 [17] and using the 

J48 algorithm as applied by [20]. The task that should be used in the analyzes will be the classification, 

with the construction of decision trees. 

The models induced with a variation in the number of instances (or observations), per sheet, were 

evaluated using the cross-validation method. Pruning of attributes that did not contribute to the performance 

results of decision trees was carried out. The selection of the best model was made based on the measures: 

precision; the number of leaves (rules) and the Kappa coefficient. 

The Kappa coefficient is used to describe the measure of agreement between the predicted and 
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observed classes. This coefficient ranges from 0 to 1, representing very poor to excellent classification 

results, respectively [26]. 

As a result of the decision tree model induction, it was possible to obtain the confusion matrix, which 

according to [27] is widely used in the statistical analysis of concordance. 

From the confusion matrix, according to [26], it was possible to obtain performance evaluation 

measures. 

 

4.  RESULTS AND DISCUSSION 

Through the data that was organized for the period, in an Excel® spreadsheet for each aviary and 

classified in THI ranges, a file compatible with the Weka® software was built, which is a text file, formatted 

to organize the collected data, with its attributes corresponding to the values and the comfort range 

understudy that was determined, this file receives the extension “.arff”. 

With the “.arff” files completed, they were executed with the Weka® software, applying the 

classification procedure with the choice of the J48 algorithm as applied by [20], which resulted in the 

construction of the answer outputs for the construction of the decision trees of this research. 

 

Annual analysis for THI indicator 

Pyramidal aviary (A1): 

The file with extension “.arff” referring to the data of the pyramidal aviary (A1) of the summer for THI 

(temperature and Humidity Index), used the attributes of the database referring to the sensor readings for 

dry bulb temperature, relative humidity, THI and stress status of the birds and the result of the processing 

in the software generated the corresponding decision tree that is presented in algorithm format:  

(The numbers indicated in parentheses indicate the number of processing instances that were selected 

with this classification indicated in the line of the algorithm). 

 

THI <= 76.94 

|   THI <= 67.13: Mild Stress (171.0) 

|   THI > 67.13: Thermoneutrality (330.0) 

THI > 76.94: Heat Stress (242.0) 

 

The algorithm obtained as a mining model leads to classification with 99.73% correct answers. 

The Kappa index has a value of 0.9958, which according to the methodology proposed by [26] allows 

us to infer that the classifier obtained from mining is excellent, as the value is very close to 1, which 

indicates the best condition. 

 

Air-conditioned vertical aviary (A2): 

The file with extension “.arff” referring to the data of the air-conditioned vertical aviary (A2) for THI 

(temperature and Humidity Index), used the attributes of the database referring to the sensor readings for 

dry bulb temperature, relative humidity, THI and stress status of the birds and the result of the processing 
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in the software generated the corresponding decision tree that is presented in algorithm format: 

(The numbers indicated in parentheses indicate the number of processing instances that were selected 

with this classification indicated in the line of the algorithm). 

 

THI <= 76.96 

|    THI <= 67,08: Mild Stress (49.0) 

|    THI > 67.08: Thermoneutrality (580.0) 

THI > 76.96: Heat Stress (157.0) 

 

It is observed that the algorithm obtained as a mining model leads to classification with 99.61% correct 

answers. The Kappa index, in this case, also reached the value of 0.9907, which according to the 

methodology proposed by [26] allows us to infer that the classifier obtained from mining is also excellent. 

 

Vertical unheated poultry house (A3): 

The file with extension “.arff” referring to the data of the non-conditioned vertical aviary (A3) for THI 

(temperature and Humidity Index), used the attributes of the database referring to the sensor readings for 

dry bulb temperature, relative humidity, THI and stress status of the birds and the result of the processing 

in the software generated the corresponding decision tree that is presented in algorithm format: 

(The numbers indicated in parentheses indicate the number of processing instances that were selected 

with this classification indicated in the line of the algorithm). 

 

THI <= 67.14: Mild Stress (78.0) 

THI > 67.14 

|   THI <= 76.22: Thermoneutrality (227.0) 

|   THI > 76.22 

|   |   dbt <= 26.755: Thermoneutrality (4.0) 

|   |   dbt  >26.755: Heat Stress (2.0) 

 

It is observed that the algorithm obtained as a mining model leads to classification with correct answers 

of 98.71%. The Kappa index obtained, in this case, had a value of 0.9663 which according to the 

methodology proposed by [26] allows us to infer that the classifier obtained from mining, in this case, is 

also excellent. 

In this research, the three aviaries, after pruning the attributes that did not contribute to the results, it 

is observed that only the THI indicator was used in the decision trees, which shows that the Temperature 

and Humidity Index using based on an adaptation of the equation proposed by [21], it is a tool that helps a 

lot in the process of controlling thermal comfort conditions for production warehouses in countries with a 

tropical climate like Brazil. 

Thus, the proposed alert system, in the year 2013, can be applied to warehouses (A1), (A2) and (A3) 

based on the generation of trees for the three breeding models as a basis for algorithms for the generation 

of an alert system with high precision that was indicated by the results of the Kappa indices. 
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As presented in theory by [17], the trees corresponding to warehouses (A1) and (A2) have a size equal 

to 5 with three decision branches. 

The tree generated for the shed (A3), as indicated by [17], the size obtained was equal to 7 with 4 

decision branches, thus being a little more complex in terms of processing. 

In summary, the technique finally allowed the construction of decision trees which, in the chosen sheds, 

were classified with respectively 99.73%, 99.61% and 98.71% of correct answers and with Kappa indexes 

equal to 0.9958, 0, 9907 and 0.9663, which indicate that the three classifiers constructed were excellent as 

indicated by the authors [26]. 

The warehouses (A1) and (A2) are very close in their results to the classifiers with accuracy in their 

hits always greater than 99%, although the construction characteristics are very different, which can be a 

point to be considered by producers in the region when the definition of the type of house to be built aiming 

at the thermal comfort of birds based on THI, meeting the comfort indications made by [14]. 

The shed (A3), on the other hand, brought slightly fewer precision results, but even more than 96%. 

The Kappa indicators in the three cases were excellent, which indicates that the trees allowed the design 

of a support system for the decision of high-quality discrimination regarding the monitoring of THI. 

Thus, we observed that the proposed system, having in its motor algorithm the construction of the 

coding with the decision trees constructed as indicated by [15] due to the computational application, can 

serve as a basis for the construction of an alert system with great accuracy to be applied to the three 

warehouses simultaneously. 

From this study, producers can monitor and act to mitigate heat stress problems for their three breeding 

models simultaneously with a single computer program that will generate THI-based alerts. 

 

5.  CONCLUSION 

Through the legacy database used, it was possible to identify the thermal comfort bands that were used 

for the development of the scenarios created for the construction of decision trees with the return of 

classification. 

The generated models allowed us to identify and predict environmental conditions for laying hens in 

the production phase that presented excellent Kappa coefficient performance in the study cases, using the 

THI indicator as a priority. 

The study allowed prospecting by an indicator that allowed trees to be generated for the three shed 

models simultaneously, with great accuracy in classification, taking advantage of a legacy database and 

which provided the basis for building a future information system for supervision and control of the sheds 

understudy in the city of Bastos in São Paulo/Brazil. 
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