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ABSTRACT

The region around the municipality of Bastos, state of São Paulo, 
accounted for about 7% of Brazilian egg production in 2015. In 2012, 
it experienced a heat wave that resulted in the death of approximately 
500,000 hens, according to information released at the time. Considering 
the impact of heat waves on layer mortality, the objective of this study 
was to analyze how heat waves impact the layer farming in the region 
of Bastos, considering the climate change scenarios forecasted by the 
IPCC for the next years. This study was conducted in three stages: i) 
analysis of the IPCC reports to understand climate change scenarios; 
ii) analysis of historical temperature data in the region of Bastos; iii) 
analysis of how climate change, through heat waves, may impact layer 
mortality in this region. All the IPCC scenarios indicate that both average 
temperature and the number of extreme events, such as heat waves, 
are expected to increase. Historical data showed that since the mid-
1980s, maximum temperature has increased, as well as the frequency, 
intensity and duration of heat waves. The association of layer mortality 
due to heat waves with the IPCC climate change forecasts for that 
region indicates a trend of increasing layer mortality in egg production 
operations which sheds are not equipped with air conditioning.

INTRODUCTION

Climate change may affect poultry production in several ways. It 
may have indirect impacts, influencing production inputs (corn, soy, 
electricity, etc.), as well as direct impacts, generated by the constant 
increase in environmental temperature over the years (productivity and 
egg quality losses) or by the incidence of extreme temperature events 
(mortality). It should be noted that the present study analyzed egg 
production systems which layer shed do not have full environmental 
control, as those equipped with air-conditioning suffer different impacts.

According to most scientists, the temperature of the planet’s surface 
has increased over the years, causing changes in the climate. The 
World Meteorological Organization (WMO) and the United Nations 
Environment Program (UNEP) established the Intergovernmental 
Panel on Climate Change (IPCC) to study this issue. The IPCC gathers 
researchers from different countries and areas of activity with the 
objective of generating and organizing information to forecast future 
scenarios of temperature and rainfallvariation. Based on these scenarios, 
the possible socioeconomic and environmental impacts generated by 
climate change may be predicted (IPCC, 2018a).

Climate changes also produce extreme events, such as heat waves, 
cold waves, droughts, frosts, floods, cyclones, tec. According to the 
IPCC (2014a), extreme events indicate, with a high level of confidence, 
great vulnerability and exposure of diverse ecosystems, which may have 
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strong impacts on food production. The IPCC (2014a) 
also points out, with a medium level of confidence, 
that the duration and frequency of heat waves have 
globally increased since 1950 and their numbers, 
duration and intensity will most likely continue to grow.

According to the National Institute of Meteorology 
of Brazil (INMET, 2017a), a heat wave “is an 
uncomfortable and excessively hot period. ”Heat 
waves can also be characterized as periods of a 
sudden increase of environmental temperature, which 
intensity and duration may vary (Zuo et al., 2015). In 
egg production, Pereira et al. (2015) reported that 
environmental temperature affects hen behavior. In 
the study of Riquena (2017), layer mortality during 
heat waves characterized and predicted.

The region around municipality of Bastos, state 
of São Paulo, accounted for 7% of the Brazilian 
egg production in 2015 (IBGE, 2018). That region 
experienced a heat wave in 2012 that resulted in 
the death of approximately 500,000hens, according 
to information released at the time (AVICULTURA 
INDUSTRIAL, 2012). In addition, Salgado and Nääs 
(2010) determined that the municipalities of Tupã, 
Osvaldo Cruz, and Rancharia, which are located in the 
region of Bastos, present higher risk of occurrence of 
heat wave events compared with other municipalities 
of the state of São Paulo.

The objective of this study was to analyze how the 
heat waves may impact layer farming in the region 
of Bastos, state of São Paulo, Brazil, considering the 
climate changes scenarios forecasted by the IPCC for 
the next few years.

MATERIALS AND METHODS

This study was divided into three phases. In the 
first phase, the IPCC’s reportsAR5 of the work group2 
(IPCC, 2014a; IPCC, 2014b) and Special Report on 
Extreme and Disaster Risk Management to Advance 
on Climate Change Adaptations (IPCC, 2012) were 
used to analyze the IPCC’s temperature and heat wave 
forecasts for the coming years.

In the second stage, the historical maximum daily 
temperature (ºC) data published by BDMEP (Banco 
de Dados Meteorológicos para Ensino e Pesquisa - 
Meteorological Data Bank for Teaching and Research) 
of INMET (Instituto Nacional de Meteorologia - National 
Meteorological Institute) were analyzed for the period 
between January 1st, 1961 and May 31st, 2012. The data 
refer to temperatures recorded at Station No. 83716, 
located in the municipality of Presidente Prudente, 

SP, distant 72 km from the municipality of Bastos, 
SP. Figure 1 shows the location of the municipality of 
Bastos.

Figure1 – Location of the municipality of Bastos in the State of São Paulo.

In the third stage, literature reports on the 
environmental effects on layer farming was reviewed 
to discuss the estimated impacts of the expected 
extreme climate events (heat waves) in the region of 
Bastos on layer mortality in the next few years. Figure 
2 illustrates the diagram of the steps described.

Figure 2 – Study Development Diagram

RESULTS AND DISCUSSION

In 1988, in search of new discoveries and 
also seeking to solve future problems, the World 
Meteorological Organization (WMO) and the United 
Nations Environmental Program (UNEP) established the 
Intergovernmental Panel on Climate Change (IPCC), 
which aims at generating and organizing information 
on climate change by researchers around the world 
(IPCC, 2018a).

The IPCC regularly publishes reports generated 
by three research groups, which try to describe the 
effects of climate change under different approaches. 
These reports include “The basis of physical science” 
(Working Group 1); “Impacts, Adaptations and 
Vulnerability” (Working Group 2) and “Mitigation 
of Climate Change” (Working Group 3). In addition, 
special reports on specific issues have also been issued, 
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and have the same structure as the main reports (IPCC, 
2018b).

Those reports include data, information, graphs, 
and maps that forecast future temperatures and 

precipitation levels for different regions of the 
world. Figure 3 shows the historical and forecasted 
temperature (Graph a) and precipitation (Graph b) 
variations for the southeast of South America.

Table 1 – Average temperature projections for the IPCC scenarios for Southeast region of South America.
SCENARIO 2030 2050 2100

RCP2.6 Approximately between+0.2ºC and+1.2ºC Approximately between +0.3ºC and +1.8ºC Approximately between +0.4ºC and +1.9ºC

RCP8.5 Approximately between +0.4ºC and +1.6ºC Approximately between +1.0ºC and +2.6ºC Approximately between +2.4ºC and +5.2ºC

Source: Adapted from the information shown in Figure 3.

Source: Adapted from IPCC (2014b).

Figure 3 – Average temperature and precipitation level in Southeastern of South America.

The black line shows the variations observed 
between 1900 and 2012. The blue band indicates 
“optimistic” forecasts (RCP2.6) and the orange strip, 

“pessimistic” forecasts (RCP8.5). Temperature forecast 
values (in ºC) for the Southeast region of South America 
until the end of this century are presented in Table 1.

Figure 4 shows the map of egg production distribu-
tion in Brazil, and IPCC climatic changes forecasts for 

the southeast of South America, where the municipal-
ity of Bastos, analyzed in the present study, is located.

Source: Based on IBGE (2018) and IPCC (2014b).

Figure 4 – Map of egg production distribution of in Brazil by state and climate change and land use forecasts in the Southeastern of South America.
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According to the IPCC’s forecasts, temperature, 
precipitation and land use for agriculture and a 
decrease in forest cover are expected in this region. 
For purposes of the present study, we highlight the 
increase in temperature, which may impact the egg 
production system.

These forecasts are based on new scenarios, 
called Representative Concentration Pathways (RCPs), 
generated by the Special Report Emissions Scenarios 

(SRES), which analyze the greenhouse gas emissions 
including a more restrictive analysis of ozone emissions, 
precursor aerosols, and associated pollutants (IPCC, 
2014a).

In addition, the IPCC emphasizes that extreme 
events, especially heat waves and droughts, are likely 
to increase, causing impact on average temperature 
(IPCC 2014a). Figure 5 illustrates possible projections 
for extreme events.

Source: Adapted from IPCC (2013).

Figure 5 – Forecasts of the occurrence of extreme events.

Three possible projections are shown in Figure 5. The 
first projection (Figure 5a) indicates a possible increase 
of minimum, maximum and average temperatures 
(displacement of the distribution to the right), followed 
by the second projection (Figure 5b), which points 
to a higher variation of cold and hot temperatures, 
resulting in a general temperature decrease (flattening 
of the distribution). Finally, the third projection (Figure 
5c) shows a shift of the curve to the right and a slight 
flattening due to an increase in average and maximum 
temperatures.

Maximum temperature (ºC) during extreme events 
may further increase in the presence of the El Niño 
phenomenon. This event can be described as an 
oceanic-atmospheric phenomenon during which there 
is an abnormal temperature increase in the Equatorial 
Pacific Ocean. This may lead to a change in the regional 
and global climate (INPE, 2018).

It should be emphasized that the presence of El 
Niño can strongly increase the incidence of heat waves. 
According to the definition of INMET (2017a), heat 
waves occur when daily temperature is higher than 
32ºC, at least five degrees above the normal historical 
for the region, and for at least two days. In addition, 
this climatic anomaly causes significant changes, such 
as unexpected higher temperatures during some 
months of the year. In this context, the maximum 
temperatures recorded between 1961 and 2012 in the 
municipality of Presidente Prudente, SP, were analyzed 

through the analysis of a boxplot chart, as shown in 
Figure 6, below.
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Source: INMET (2017b).

Figure 6 – Maximum monthly temperature (ºC) recorded in the municipality of Presi-
dente Prudente, SP, between 1961 and 2012.

Figure 6 shows that, from November until March, 
there is a greater incidence of extreme temperatures, 
which may have a negative impact on egg production. 
During these months, followed by September and 
October, the third temperature quartile is above 32ºC, 
indicating that, during seven months of the year, only 
over 25% of the temperature data is higher than 32ºC. 
These temperature ranges include the incidence of 
heat waves, which, obviously, are more likely to occur 
during the hottest months of the year. During August 
(8) and September (9), there is a greater temperature 
amplitude and variation. This may be explained by the 
season change, when temperatures start to increase. 
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In addition to the monthly data analysis, the average 
annual maximum temperature is shown in Figure 7.

Source: INMET (2017b).

Figure 7 – Annual average maximum temperature (ºC) recorded in the municipality of 
Presidente Prudente, SP, between 1961 and 2012

Average annual maximum temperature has annually 
changed. In particular, it should be noted that it has 
linearly increased from the mid-1980s, indicating a rise 
in the temperature range in the region. An increase in 
the incidence of heat waves was also observed during 
this period (Figure 8).

In Figure 9, the red bands represent the days 
characterized as heat wave. When the period of 1986-
1989 are compared with the period of 2001-2004, 
a clear increase in the frequency, number, duration 
and temperature (intensity) of this climatic anomaly is 
observed, as shown in Table 2.

The data presented in Table 2 show an increase in 
the annual number of events, from 13 days in 1986 
to about 21 days in 2003. The duration of the event 

Source: INMET (2017b).

Figure 8 – Heat waves recorded in the municipality of Presidente Prudente, SP.

Table 2 – Heat Wave numbers, average duration and maximum average temperature recorded in themunicipality of 
Presidente Prudente, SP.

Number of Heat Waves Average Duration of Heat Waves Maximum Average Heat Wave Temperature

1986 13 4 33.15

1987 14 3.64 32.98

1988 14 4.64 34.31

1989 11 2.55 32.77

2001 24 3.75 33.19

2002 23 6.04 34.06

2003 21 4.33 33.84

2004 18 4.5 33.93

Source: INMET (2017b).
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was approximately 3 to 4 days in 1986-1989, and 
increased to around 5-6 days in 2001-1004. Finally, 
the average temperature (intensity) of these waves 
varied between 32ºC and 34ºC in the first period and 
between 33ºC and 34ºC, showing a 1ºC increase in 
temperature during heat waves. These results clearly 
show that all the variables involved in heat wave events 
are increasing over the years.

Figure 9 shows the frequency distribution of daily 
temperature averages for the period of 1961 to 2012, 
recorded at the Presidente Prudente meteorological 
station. It is observed that the data distribution is 
concentrated between 27ºC and 34ºC, with 35.32% 
of the recorded temperatures above 32ºC.

Several studies show that the egg production and 
behavior of layers affected by the thermal environment 

Source: INMET (2017b).

Figure 9 – Distribution of the number of days with maximum temperature recorded in municipality of Presidente Prudente, SP, between 
1961 and 2012.

of the shed (Silva et al. 2013; Castilho et al. 2015; 
Nayak et al. 2015; Pereira et al. 2015). The upper limit 
of the thermoneutrality and thermal comfort zones 
of chickens (both broilers and layers) was established 
as below 30ºC (Freeman, 1988; Costa, 1994; Alves, 
2006; Pereira & Nääs, 2008; Baeta & Souza, 2010).

Amendola et al. (2004) and Oliveira et al. (2005), 
in studies with layers and broilers, respectively, 
determined temperatures of 29ºC (broilers) and 30ºC 
(layers) are detrimental to the birds, independently 
of relative humidity level. According to the criteria 
established by INMET, heat waves are characterized by 
32ºC minimum temperature, which is higher than the 
critical upper temperature for layers.

Mack et al. (2013), in a study on genetic differences 
in layers, observed that hens submitted to heat stress 
(32.6ºC) presented reduced egg production and 
presented behavioral changes compared to those 
maintained under thermal comfort (24.3ºC). Using 
data mining to develop a model to estimate layer 
mortality caused by heat wave as a function of shed 
typology, Riquena (2017) found that layer typology 
may influence the mortality of the hens.

Comparing the analyzes of the different data bases, 
it is observed that the months of January, February, 
March, October, November and December correspond 

to the periods of the spring and summer seasons, with 
an average temperature of the maximum average 
temperature above 30ºC, being outside the thermal 
comfort zones and thermoneutrality zone suggested 
for poultry commercial operations (Freeman, 1988; 
Costa, 1994; Alves, 2006; Pereira & Nääs, 2008; Baeta 
& Souza, 2010).

Yet, in relation to the annual production period, 
considerable increases in temperature values have been 
recorded in August and September, during the winter. 
Pereira et al. (2010) observed that the mortality rate 
of broiler breeders during this period was significantly 
higher compared with the other months. It is very 
likely that the hens will be strongly affected by these 
higher temperatures, as they have not yet acclimated 
to higher temperatures of the hottest months of 
spring and summer (Sykes & Fataftah, 1986; Yahav & 
McMurtry, 2001; Pereira et al. 2010).

There has been a considerable increase in the 
frequency, number, duration and average temperature 
of the heat waves over the years, as observed in 
Figure 8 and Table 2. All these variables significantly 
affect poultry production, and, in particular, the high 
temperature (intensity) of these events is emphasized, 
when the upper limit of the thermal comfort and 
thermoneutral zone of layers is exceeded, as previously 
mentioned.



663

Lamarca DSF, Pereira DF,
Magalhães MM, Salgado DD

Climate Change in Layer Poultry Farming: Impact of 
Heat Waves in Region of Bastos, Brazil

Considering the linear tendency of increase in 
maximum temperatures since the mid-1980s indicated 
in Figure 7, the increase in the number of heat waves 
and the data reported by the IPCC (Figure 3, Figure 4 
and Figure 5), it is believed that in the next few years, 
egg producers of the region of Bastos that do not have 
air-conditioned layer houses are likely to experience 
higher mortality rate in their flocks as a result of heat 
waves.

CONCLUSION

The historical temperature series recorded in the 
region of Bastos show a linear increase of the maximum 
temperatures, as well as a greater frequency, quantity, 
duration and intensity of heat waves.

Considering the future scenarios forecasted in 
the IPCC reports, an increase in average temperature 
between 0.4ºC and 1.9ºC for the optimistic scenario 
and between 2.4ºC and 5.2ºC for the pessimist are 
expected to occur in the studied region by the end of 
the century. In both scenarios, heat waves are expected 
to be more frequent, longer and more intense, which 
will inevitably result in higher hen mortality in non-
climatized egg production systems.

ACKNOWLEDGEMENTS

The authors express their gratitude to the 
Foundation for Research Support of the State of São 
Paulo (FAPESP) – Process Nº: 16/25464-8 and the 
Coordination of Improvement of Higher Education 
Personnel (CAPES) – Finance Code 001, for granting 
the scholarships that made this research possible.

REFERENCES
Alves SP. Uso da zootecnia de precisão na avaliação de bem-estar climático 

em aves poedeiras em diferentes sistemas de criação [tese]. Piracicaba 
(SP): Universidade de São Paulo; 2006.

Amendola M, Castanho MJ, Nääs IA, Souza AL. Análise matemática de 
condições de conforto térmico para avicultura usando a teoria dos 
conjuntos fuzzy. Biomatemática 2004;14(1):87–92.

Avicultura Industrial. Onda de calor mata meio milhão de galinhas na ‘capital 
do ovo’ [cited 2016 Dez 20]. Itu; 2012. Available from em: https://
www.aviculturaindustrial.com.br/imprensa/onda-de-calor-mata-meio-
milhao-de-galinhas-na-capital-do-ovo/20121129-083535-Y241. 
Acesso em: 20 dez. 2016.

Baêta FC, Souza CF. Ambiência em edificações rurais: conforto animal. 2ed. 
Viçosa: UFV; 2010. p.269.

Castilho VAR, Garcia RG, Lima NDS, Nunes KC, Caldara FR, Nääs IA, et 
al. Bem-estar de galinhas poedeiras em diferentes densidades de 
alojamento / welfareof laying hens in different densities of housing. 
Revista Brasileira de Engenharia de Biossistemas 2015;9(2):122-131.

Costa CA. Pontos críticos do manejo de matrizes. Anais da Conferência 
Apinco de Ciência e Tecnologia Avícola: Manejo de Matrizes; 1994; 
Campinas, São Paulo. Brasil. p.1-10.

Freeman BM. The domestic fowl in biomedical research: physiological effects 
of the environment. World’s Poultry Science Journal 1988;44(1):41-60.

IBGE - Instituto Brasileiro de Geografia e Estatística. Pesquisa pecuária 
municipal. Rio de Janeiro; 2018 [cited 2018 Jan 02]. Available from: 
http://www2.sidra.ibge.gov.br/bda/tabela/listabl.asp?z=t&c=74. 

INMET - Instituto Nacional de Meteorologia. Glossário. 2017a [cited 
2017 Abr 15].  Available from: http://www.inmet.gov.br/portal/index.
php?r=home/page&page=glossario. 

INMET - Instituto Nacional de Meteorologia. Banco de dados meteorológicos 
para ensino e pesquisa – BDMEP; 2017b [cited 2017 out 10]. Available 
from: http://www.inmet.gov.br/portal/index.php?r=bdmep/bdmep. 

INPE - Instituto Nacional de Pesquisas Espaciais. Ocorrência de El Nino [cited 
2018 Mar 25]. Available from: http://enos.cptec.inpe.br/tab_elnino.
shtml.

IPCC - Intergovernmental Panel on Climate Change. Managing the risks of 
extreme events and disasters to advance climate change adaptation. 
Cambridge; 2012 [cited 2017 Dez 23]. Available from: http://ipcc.ch/
report/srex/. 

IPCC - Intergovernmental Panel on Climate Change. Climate change 2013: 
the physical science basis. Cambridge; 2013 [cited 2017 Dez 2017]. 
Available from: http://www.climatechange2013.org/images/report/
WG1AR5_ALL_FINAL.pdf. 

IPCC - Intergovernmental Panel on Climate Change. Climate change 2014: 
impacts, adaptation, and vulnerability. Part A: global and sectoral 
aspects. Cambridge; 2014a [cited 2017 Dez 10]. Available from: http://
ipcc.ch/report/ar5/wg2.

IPCC - Intergovernmental Panel on Climate Change. Climate change 
2014: impacts, adaptation, and vulnerability. part B: regional aspects. 
Cambridge; 2014b [cited 2017 Dez 10]. Available from: http://ipcc.ch/
report/ar5/wg2/. 

IPCC - Intergovernmental Panelon Climate Change. Organization [cited 
2018 Jan 07]. 2018 a.  Available from: http://ipcc.ch/organization/
organization.shtml. 2018a. 

IPCC - Intergovernmental Panelon Climate Change. Structure[cited 
2018 Jan 07]. 2018 b.  Available from: http://ipcc.ch/organization/
organization_structure.shtml. 

Mack LA, Felver-Gant JN, Dennis RL, Cheng HW. Genetic variations alter 
production and behavioral responses following heat stress in 2 strains 
of laying hens. Poultry Science 2013;92(2):285–294.

Nayak GD, Behura NC, Sardar KK, Mishra PK. Effect of climatic variables on 
production and reproduction traits of colored broiler breeder poultry. 
Veterinary World 2015;8(4):472–477.

Oliveira HL, Amendola M, Nääs IA. Estimativa das condições de conforto 
térmico para avicultura de postura usando a teoria dos conjuntos fuzzy. 
Engenharia Agrícola 2005;25(2):300–307.

Pereira DF, Batista ES, Sanches FT, Gabriel Filho LRA, Bueno LGF. Diferenças 
Comportamentais de Poedeiras em Diferentes Ambientes Térmicos. 
Revista Energia na Agricultura 2015;30(1):33–40.

Pereira DF, Nääs IA. Estimating the thermoneutral zone for broiler breeders 
using behavioral analysis. Computers and Electronics in Agriculture 
2008;62(1):2-7.

Pereira DF, Vale MM, Zevolli BR, Salgado DD. Estimating mortality in laying 
hens as the environmental temperature increases. Brazilian Journal of 
Poultry Science 2010;12(4):265-271.



664

Lamarca DSF, Pereira DF,
Magalhães MM, Salgado DD

Climate Change in Layer Poultry Farming: Impact of 
Heat Waves in Region of Bastos, Brazil

Riquena RS. Modelo computacional para previsão de mortalidade de 
galinhas poedeiras em função de ondas de calor e tipologia dos aviários 
[dissertação]. Tupã (SP): Universidade Estadual Paulista; 2017.

Salgado DD, Nääs IA. Avaliação de risco à produção de frango de corte do 
Estado de São Paulo em função da temperatura ambiente. Engenharia 
Agrícola 2010;30(3):367-376.

Silva GF, Pereira DF, Bueno LGF, Santos TS, Tavares BO. Performance of 
laying hens and economic viability of different tclimatization systems. 
Italian Journal of Animal Science 2013;12(2):286-294.

Sykes AH, Fataftah ARA. Acclimatisation of the fowl to intermittent acute. 
British Poultry Science 1986;27:289-300.

Yahav S, McMurtry JP. Thermo tolerance acquisition in broiler chickens 
by temperature condition in gearlyin Life -The effect of timing and 
ambient temperature. Poultry Science 2001;80:1662-1666.

Zuo J, Pullen S, Palmer J, Bennetts H, Chileshe N, Ma T. Impacts of heat 
waves and corresponding measures: a review.  Journal of Cleaner 
Production 2015;92:1-12.


