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ABSTRACT

Climate may affect broiler production, especially where there are heat 
waves, which may cause high mortality rates due to the heat stress. Heat 
wave prediction and characterization may allow early mitigation actions to 
be taken. Data Mining is one of the tools used for such a characterization, 
particularly when a large number of variables is involved. The objective 
of this study was to classify heat waves that promote broiler chicken 
mortality in poultry houses equipped with minimal environmental control. 
A single day of heat, a heat-shock day, is capable of producing high broiler 
mortality. In poultry houses equipped with fans and evaporative cooling, 
the characterization of heat waves affecting broiler mortality between 29 
days of age and market age presented 89.34% Model Accuracy and 0.73 
Class Precision for high mortality. There was no influence on high mortality 
(HM) of birds between 29 and 31 days of age. Maximum temperature 
humidity index (THI) above 30.6 ºC was the main characteristic of days 
when there was a heat wave, causing high mortality in broilers older 
than 31 days. The high mortality of broilers between 31 and 40 days 
of age occurred when maximum THI was above 30.6 ºC and maximum 
temperature of the day was above 34.4 ºC. There were two main causes 
of high mortality of broilers older than 40 days: 1) maximum THI above 
30.6 ºC and minimum THI equal or lower than 15.5 ºC; 2) maximum 
THI above 30.6 ºC, minimum THI lower than 15.5 ºC, and the time of 
maximum temperature later than 15:00h. The heat wave influence on 
broiler mortality lasted an average of 2.7 days.

INTRODUCTION

Climatic factors may cause production losses in broiler production. 
Many of these losses are caused by heat waves, which increase broiler 
mortality and reduce their productive performance (Johnson, 1997; 
St-Pierre et al., 2003; Copa/Cogeca, 2004). Moreover, in tropical 
environments, as that observed in Brazil, that impact might be even worse 
(Marengo, 2007). The increase in animal production losses predicted by 
the IPCC (Intergovernmental Panel of Climatic Changes) may reduce the 
competitiveness of Brazilian meat production, which needs to change its 
rearing strategies and to train producers to use weather forecast tools 
(Nääs et al., 2010). 

The stress caused by heat affects mainly broilers older than 29 days, 
which may cause significant mortality rates. Such mortality represents the 
loss of almost all production resources invested in the process, as birds 
have almost reached ideal market weight at the time of death (Teeter 
et al., 1985; Yahav et al., 1995; Tabler et al., 2002; Tao & Xin, 2003; 
Ryder et al., 2004; Chepete et al., 2005). In addition to higher mortality, 
live production performance is also reduced, and chicken meat quality is 
impaired due to higher incidence of PSE meat (pale, soft, and exudative 
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meat) or pale poultry muscle syndrome, which reduces 
the meat quality (Smith & Northcutt, 2009).

The possibility of predicting climatic events in 
advance allows to take early mitigation actions that may 
neutralize or reduce heat wave effects. Different broiler-
house environmental control systems show different 
mitigation and reduction potentials in terms of broiler 
mortality. However, in some Brazilian regions, most 
poultry houses have minimal environmental control, 
and are equipped with forced ventilation, evaporative 
cooling by fogging, and ceiling insulation with PVC 
(Tinoco et al., 2004). Using data mining, Vale et al. 
(2008) studied mortality patterns in poultry houses, and 
found important patterns associating meteorological 
data with broiler mortality.

One of the main challenges of heat wave prediction 
is to define the climatic features that have an impact 
over the broiler production. Mortality, which is daily 
recorded in all poultry houses, may be an important 
parameter to model heat waves. On the other hand, the 
large number of climatic variables involved may make 
analyses difficult, and require approaches such as the 
Data Mining for the classification of days that affect 
broiler mortality rate.

The objective of this study was to classify heat waves 
that promote high broiler chicken mortality in poultry 
houses equipped with minimal environmental control.

MATERIALS AND METHODS

The experiment was carried out in a poultry farm 
located in Tuiuti, São Paulo State, Brazil (22°48’056” 
S; 46°42’046” W, altitude of 807 meters). 

The poultry farm has 14 poultry houses, organized in 
2 parallel lines, east-west orientation, with dimensions 
ranging from 72 to 150 m length and 10 m width, built 
in masonry, covered with clay tiles, and with concrete 
floors. All poultry houses were equipped with fans, 
foggers, side curtains, and PVC drop ceiling.

Data on 20 straight-run flocks were collected 
between October, 2007 and February, 2008, a period 
when there is usually high incidence of heat waves. Flock 
placement and exit were determined by the integrator 
company, which established flock exit according to age. 
Average bird density used was 13 (±1) birds per meter 
square. Birds were fed and managed according to the 
integrator company specification, with no interference 
of the researchers.

The meteorological data collected were atmospheric 
pressure, air temperature, air relative humidity, wind 
speed and direction, and global sun radiation. Data 

were collected by a meteorological station (Hobo 
Onset®) placed at the geographical center of the poultry 
farm. Data were hourly measured and stored in the 
meteorological station data logger.

Mortality rate of broilers with 29 days of age or 
older was daily recorded. Mortality rate values above 
the average and the occurrence of hot day determined 
mortality classification. High mortality was considered 
as minimal mortality of 0.2% (twice as high as the 
mortality in normal days) and was related with the 
occurrence of minimal climatic conditions for heat 
wave, which, according to the findings of Vale et al. 
(2008) includes: 

1) 	maximum temperature equal or higher than 32 
ºC; 

2) 	average temperature equal or higher than 24 ºC, 
and 

3) 	mean temperature and humidity index (THI) equal 
or higher than 23 ºC. The remaining days were 
considered as having normal mortality rate.

A new data base was built by associating high or 
normal mortality classification with the daily average 
data of the meteorological station, according to the 
respective days of occurrence.

Data mining techniques were applied to the data 
according to the CRISP-DM methodology, comprising 
the following steps: domain understanding, data 
acquisition, data understanding, data preparation, 
data modeling and evaluation according to the 
knowledge from the domain experts (Chapman et 
al., 2000). 

The software used for the analysis was Weka® 3-4 
(Witten & Frank, 2005) which consists of a collection 
of machine-learning algorithms for data mining tasks 
(e.g., classification). In particular, the classification 
algorithm chosen was J48, an implementation of the 
C4.5 (Quinlan, 1993; Quinlan, 1996), which generates 
a decision tree for classifying broiler mortality as normal 
or high.

The data base for the analysis included 39 attributes 
as listed on Table 1.

The model accuracy was calculated by a confusion 
matrix (Table 2), and it is expressed as the percentage of 
correctly classified test instances over all test instances, 
including true-positive and true-negative cases. On the 
other hand, class precision was also calculated by the 
confusion matrix (Table 2), and it is expressed as a rate 
raging from 0 to 1, representing the instances that 
were correctly classified as true positives in each class 
(Gomes, 2002).
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Broiler producers and integration service people 
reported the occurrence of high mortality in a single 
day of extreme heat. This pattern was also reported by 
Vale et al. (2008) when studying heat wave impact on 
broiler production. Heat waves do not have a specific 
definition, and present different patterns and places of 
occurrence, and therefore need to be better defined 
(Robinson, 2001; Abaurrea et al., 2006). According to 
results presented here, broilers can experience extreme 
heat exposure in two ways: 

1) 	days with extremely high temperatures or a single 
day with extreme heat; and

 2) heat waves similar to those that impact humans 
and other farm animals (Abaurrea et al., 2006; 
Nienaber & Hahn, 2004).

The decision tree model (Figure 1) used to classify the 
heat waves that caused high broiler mortality presented 
89.34% of accuracy and a high mortality class precision 
of 0.73. 

In order to classify mortality rate among broilers, 
the model showed the maximum THI (Temperature 
and Humidity Index; Chepete et al., 2005) of the 
day as the root node, and then branched in two 
classification, according to broiler age in the high 
mortality classification.

This of THI as root node is consistent with the 
findings of Vale et al. (2008), who obtained a decision 
tree with THI as root node to model broiler mortality in 
poultry houses with no environmental control. Ryder 
et al. (2004) also obtained similar correlation between 
thermal stress and production performance.

The attributes that are closer to the root node have 
stronger power of classification (Witten & Frank, 2005), 
and are more relevant to indicate days when there may 
be a heat wave.

In days with maximum THI below 30.6 °C, there was 
no high mortality among broilers living in poultry houses 
equipped with minimum environmental control (Figure 1). 

The THI proposed by Chepete et al. (2005) is 
calculated based on dry and wet bulb temperatures, 
weighted as 75% and 25%, respectively, of total THI 
in degrees Celsius. Relative humidity close to 75% 
is normal in the studied region, as characterized by 
Chvatal et al. (1999). When THI is 30.6 °C, maximum 
air temperature is around 31 ºC, inversely calculated by 
psychrometric charts. This limit appears coherent with 
the data obtained by Vale et al. (2008) that shows the 
temperature of 32 ºC as the limit for mortality in poultry 
houses without environmental control. 

On the other hand, maximum conditional THI above 
30.6 °C indicates that maximum air temperature of 

Table 1 - Summary of used data and features assumed for or-
ganizing the final data set.
	 No 	 Feature1	 No 	 Feature1

	 1	 ID	 21	 Time to DPT Max
	 2	 Date	 22	 RH M
	 3	 Absolute Mortality	 23	 RM Min
	 4	 Mortality %	 24	 RH Max
	 5	 Strain	 24	 Time to RH Min
	 6	 Age (days)	 26	 Time to RH Max
	 7	 Pa M 	 27	 WS M
	 8	 Pa Min	 28	 WS Min
	 9	 Pa Max	 29	 WS Max
	 10	 Time to Pa Max	 30	 Time to WS Min
	 11	 Time to Pa Min	 31	 Time to WS Max
	 12	 T M	 32	 WBT M
	 13	 T Min	 33	 WBT Min
	 14	 T Max	 34	 WBT Max
	 15	 Time to T Min	 35	 THI M
	 16	 Time to T Max	 36	 THI Min
	 17	 DPT M 	 37	 THI Max
	 18	 DPT Min	 38	 Heat Wave occurrence
	 19	 DPT Max	 39	 Class HM or NM
	 20	 Time to DPT Min		
1 - Abbreviation list: ID, poultry house identification; Pa, atmospheric 
pressure; DPT, dew point temperature; RH, relative humidity; WS, wind 
speed; WBT, wet bulb temperature; THI, Temperature and Humidity Index 
(Chepete et al., 2005); HM: high broiler mortality; NM: normal broiler 
mortality; M, mean; Min, minimum; Max, maximum.

Table 2 - Confusion matrix.
Class	 Predict 	 Predict     	 Class	 Model 
	 as C+	 as C-	 precision	 Accuracy1

C+	 True positives	 False negatives	 Tp/(Tp+Fn)	 [(Tp+Tn)/	
	 (Tp)	 (Fn)		  N]x100
		
C-	 False positives	 True negatives	 Tn/(Fp+Tn)	
	 (Fp)	 (Tn)
1 - N is equal to the number of instances in the test set.

RESULTS AND DISCUSSION

During the studied period six heat waves were 
observed, as described in Table 3. Heat waves had a 
duration between one to five continuous days and mean 
duration was 2.7 days.

High mortality occurred with one day of heat 
duration (Table 3), in contradiction to the heat wave 
definition as presented by the INMET (Brazilian National 
Meteorological Institute, 2010), Nienaber & Hahn (2004) 
and Robinson (2001).

Table 3 - Heat wave incidence.
	 Heat wave n. 	 Broiler age (days)	 Duration (days)
	 1	 30 to 33	 3 
	 2	 45 to 47	 2 
	 3	 29 to 32 	 4 
	 4	 33 to 34	 1 
	 5	 38 to 47	 3 
	 6	 43 to 50	 5 
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The exclusion of features that are highly correlated 
before modeling is a technique applied during pre-
processing of the data bank that allows increasing 
model accuracy (Oliveira et al., 2006).

However, the minimum THI of 15.5 ºC or lower, used 
in the model presented in Figure 1, when the maximum 
daily THI is higher than 30.6 ºC, causing high mortality 
in broilers with 40 days of age or older, indicates it is 
related with days of low relative humidity. During these 
days, temperature rapidly rises during the day, and also 
rapidly drops drop during the night, which is typical in 
the regions of the Brazilian Cerrado, a savannah.

There are no references on the occurrence of high 
mortality related to low temperatures during the night 
or to the thermal amplitude in broilers older than four 
weeks of age under stress caused by cyclical heat.

Due to the deficient thermal isolation of the poultry 
housed used in the present trial, which were similar 
to those studied by Moura (2001), internal house 
as sensitive to changes in the external environment, 
resulting in wide daily thermal amplitudes. It is 
reported that the use of roof insulation improves broiler 

AGE

AGE

THMAX THIMIN

TTMAX

NM

NM HM

HMNMHMNM

≤30.6° >30.6°

>40≤40

≤34.4° ≤34.4°

≤31 >31
≤15

≤15.5°

>15

>15.5°

Legend: THIMAX, maximum daily temperature and humidity index in oC; AGE days, broiler age in days; TMAX, maximum daily temperature oC; THIMIN, 
minimum daily temperature and humidity index in oC; TTMax, time occurrence of maximum daily temperature; NM, normal broiler mortality; HM, high 
broiler mortality.

Figure 1 – Decision Tree for high broiler’s mortality due to heat waves.

THIMAX

the day is between 31 ºC and 35 ºC. As a condition to 
classify high mortality, it is consistent with the findings 
of Abu-Dieyeh (2006), who showed that temperatures 
above 30 ºC may cause high mortality. Another 
justification for maximum THI may comfort temperature, 
which drops to approximately 24 ºC when broilers are 
older than four weeks of age (Teeter & Belay, 1996; 
Macari & Furlan, 2001; Cony & Zocche, 2004).

The construction of the decision tree in Figure 1, 
using THI and broiler age, agrees with the results of 
Ryder et al. (2004), These authors followed up 50 
commercial broiler flocks, and found that stress index 
and bird age were the main causes of performance 
losses in two different regions.

No parameter in the model directly considered relative 
humidity, which is also an important factor of broiler 
comfort (Macari & Furlan, 2001; Tao & Xin, 2003; Genç 
& Portier, 2005; Chepete et al., 2005; Abu-Dieyeh, 
2006; Menezes et al., 2010). This was probably due 
to data redundancy among or to lower classification 
power of relative humidity as compared to THI and other 
parameters.
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performance during hot weather (Oliveira et al., 2000; 
Abreu et al., 2007); however, it does not severely affects 
the time of occurrence of either minimum or maximum 
air temperatures (Abreu et al., 2007).

In the present study, because broilers were exposed 
to low temperatures during the night, they may have 
benefited from the cooling effect of the decrease 
in temperature, similar to nocturnal ventilation, 
which improves broiler performance (Bottcher et 
al., 1994; Dozier et al., 2006). In the studied broiler 
houses, ventilation during the night was not used nor 
recommended by the company. 

Low thermal inertia of the poultry houses was 
perhaps associated with broiler mortality. Further 
studies are needed to fully understand the evolution of 
the housing environment during heat waves. The lack 
of housing insulation, as observed by Moura (2001), 
may lead to rapid heating of the building during the 
day, not allowing birds enough time to improve their 
physiological responses and eventual acclimatization 
(Bukley et al., 2001; Horowitz, 2002). This type of 
temperature behavior during the day may, in some 
cases, increase mortality in the evening, which may 
explain the occurrence of high broiler mortality when 
birds are exposed to a single day of heat wave.

The use of nocturnal cooling using fans may not be 
advantageous when air temperature gradually increases 
during the growth period (Segura et al., 2006), but it 
may allow slow adaptation, decreasing the impact of 
temperature on mortality (Sykes & Fataftah, 1986). 
Studies on the incidence of heat waves along the 
year shall be carried out in order to provide better 
understanding of broilers acclimatization during extreme 
heat events.

Heat waves affected birds of different ages 
differently. There was no effect on the mortality rate 
of 29- to 31-day-old birds (Figure 1).

Another attribute of the model (Figure 1) used to 
classify high mortality was the bird age. High mortality 
incidence increased as birds aged. For birds between 
31 and 40 days of age, Max THI above 30.6 °C and 
maximum temperature below 34.4 ºC were important 
factors for the occurrence of mortality in poultry houses 
with minimum environmental control.

The use of the bird age in the model (Figure 1) 
is consistent with the differences in the bird thermal 
tolerance, which occurs as birds grow (Lin et al., 2005). 
Thermal comfort temperatures between 32 ºC in the 
first week and 20 ºC in the sixth week of rearing are 
recommended (Teeter & Belay, 1996; Macari & Furlan, 
2001; Cobb, 2008; Cony & Zocche, 2004; Lin et al., 2005).

The last attribute applied to build the model was 
the time of the day when temperature was maximal, 
and indicating weather conditions when temperature 
significantly rises during the day and continues to rise 
after 15:00h. Under this condition, the number of hours 
during which the birds are submitted to unfavorable 
environmental conditions may be decisive, particularly 
for birds older than 40 days, as discussed above (Macari 
& Furlan, 2001; Cony & Zocche, 2004; Lin et al., 2005; 
Abu-Dieyeh, 2006).

The time when temperature was maximal occurred 
even when this not happened repeatedly during 
consecutive days, demonstrating the possibility of the 
incidence of high mortality in a single day of extreme 
heat.

The model generated three main rules, as shown in 
Figure 1,to classify heat waves. In broilers between 31 
and 40 days of age, maximum THI above 30.6 ºC and 
Max Temperature above 34.4 ºC cause high broiler 
mortality (Rule 1).

Rule 1 - IF THI Max > 30.6 ºC AND age ≥ 40 days 
AND T Max > 34.4º C AND age > 31 days THEN 
Class = HM

For broilers older than 40 days, maximum THI above 
30.6 ºC and minimum THI 15.5 ºC or lower caused high 
broiler mortality (Rule 2).

Rule 2 - IF THI Max > 30.6 ºC AND age > 40 days 
AND THI Min ≥ 15.5 ºC THEN Class = HM

There was also high mortality in broilers older than 
40 days when minimum THI was higher than 15.5 ºC 
and the time of maximum temperature was later than 
15:00h (Rule 3).

Rule 3 - IF THI Max > 30.6 ºC AND age > 40 days 
AND THI Min > 15.5 ºC AND time to T Max > 15 
hors THEN Class = HM

These rules may be applied to predict broiler mortality 
using the expected temperature and humidity for the 
next days and flock age. Decisions as to send flocks to 
slaughter may be guided by the possible occurrence 
of high broiler mortality, thereby reducing both 
performance and processing losses. 

Research study need to be carried out to understand 
daily temperature dynamics during heat waves in order 
to predict them.
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CONCLUSIONS

A single hot days - a heat shock day - may cause 
high broiler mortality.

The classification of the mortality due to heat 
waves showed a model accuracy of 89.34% and a 
high-mortality class precision of 0.73 for 29-day-old 
to market-age broilers reared in poultry houses with 
minimum environmental control.

Heat waves affect birds of different ages differently. 
There was no impact of heat waves on broilers between 
29 and 31 days of age.

Maximum THI above 30.6 ºC was the main feature 
of days presenting heat wave, increasing the mortality 
of broilers older than 31 days. Broilers between 31 and 
40 days of age showed increased mortality when the 
maximum temperature of the day was above 34.4 ºC.

There were two critical conditions for high mortality 
of broilers older than 40 days: 

1)	 Maximum THI above 30.6 ºC and minimum THI 
of 15.5 ºC or lower; 

2) 	Maximum THI above 30.6 ºC, minimum THI above 
15.5 ºC, and time of the maximum temperature 
later than 15:00 hours.

The heat waves that influenced broiler mortality 
lasted an average of 2.7 days.
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