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ABSTRACT: Spatial variability analysis of meteorological elements and precise identification of possible 
causes of thermal stress in poultry housing help producers in the decision making process. The objective of 
this study was to evaluate the internal environment of poultry houses in the downtime (sanitary void) and 
in the production phase, to characterize spatial thermal variability and to identify critical control points. 
The study was carried out in the Alluvial Valley of the Mimoso River, municipality of Pesqueira, PE, Brazil. 
The data of air temperature, wind speed and illuminance were recorded in November (spring season), at 
155 points within each poultry facility (10 x 90 m), spaced in a 3.0 x 2.5 m grid and subjected to descriptive 
statistical analysis and geostatistics. There was a strong spatial dependence for the variables air temperature, 
wind speed and illuminance. The ranges obtained for the air temperature in the facilities were from 48.22 to 
114.52 m, while for the wind speed and illuminance were less than 10 m, thus revealing the need for greater 
homogeneity of the studied variables and meeting of the thermal requirement of the poultry.
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Geoestatística aplicada ao mapeamento ambiental de galpões avícolas
RESUMO: A análise da variabilidade espacial dos elementos meteorológicos e identificação precisa de 
possíveis causas de estresse térmico no alojamento das aves, auxiliam os produtores no processo de tomada 
de decisão. Objetivou-se com este estudo avaliar o ambiente interno de aviários no vazio sanitário e na 
fase de produção, para caracterização da variabilidade térmica espacial e identificação de pontos críticos 
de controle. O estudo foi realizado no Vale Aluvial do Rio Mimoso, município de Pesqueira, PE, Brasil. 
Os dados de temperatura do ar, velocidade do vento e iluminância foram registrados no mês de novembro 
(primavera), em 155 pontos dentro de cada instalação avícola (10 x 90 m), espaçados por malha de 
3,0 x 2,5 m e submetidos a análise estatística descritiva e geoestatística. Ocorreu forte dependência espacial 
para as variáveis temperatura do ar, velocidade do vento e iluminância. Os alcances obtidos para a temperatura 
do ar nas instalações foram de 48,22 a 114,52 m, enquanto que para a velocidade do vento e a iluminância 
foram menores que 10 m, revelando assim, a necessidade de maior homogeneidade das variáveis estudadas 
e atendimento da exigência térmica das aves.
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Introduction

Micrometeorological monitoring of aviaries requires specific 
instrumentation, dedicated to recording air temperature, air 
relative humidity, wind speed and black globe temperature, as 
a minimum requirement for thermal characterization of the 
built environment. Thus, conventional instrumentation has 
been complemented with data-loggers, devices that enable 
the automatic recording of data, as well as their storage and 
database formation, expanding the sampling capacity for 
analysis and precise guiding for decision-making processes 
(Yang et al., 2012; Wang et al., 2016).

The greater availability of temporal and regionalized 
data of the interior of the facilities enables an analysis of the 
spatial variability of meteorological elements and precise 
identification of possible causes of thermal stress in the housing 
of birds, through geostatistics (Queiroz et al., 2017). Faria et 
al. (2008) highlighted that knowing the spatial variability of 
the microclimate in sheds is an indispensable factor in seeking 
the homogeneity, well-being and productivity of the confined 
animals.

The use of geostatistics, as well as the generation of maps, 
makes the interpretation of the environment more precise, 
enabling an adequate visualization of critical points that can 
be controlled (Carvalho et al., 2011; Medeiros et al., 2014; 
Queiroz et al., 2017). 

Thus, this study was conducted to evaluate the internal 
environment of aviaries in the downtime (aviary 1) and in 
the production phase (aviary 2), for the characterization of 
the spatial thermal variability, identification of critical control 
points and analysis of uncertainties in estimates and generation 
of maps.

Material and Methods

The study was carried out in the Alluvial Valley of the 
Mimoso River in the municipality of Pesqueira, PE, Brazil 
(8º 23’ 32” S; 36º 51’ 78” W; altitude of 604 m). According 
to Köppen-Geiger, the climate of the region is classified as 
BSsh - hot semi-arid (steppe) climate, with average annual 
precipitation of 730 mm.

The data were recorded in medium-sized production 
units, in the downtime - sanitary void (aviary 1) and in the 
production phase (aviary 2) (Figure 1A). Data collection 
was carried out in the spring (November 21 to 22, 2017), 
which has the highest values of air temperature and the most 
critical condition for the control of environmental variables 
in the semi-arid region. Figures 1C and D show the values 
of minimum, mean and maximum temperatures, air relative 
humidity and precipitation obtained at the station throughout 
the year 2017 to characterize the local condition.

The two aviaries are 90.0 m long and 10.0 m wide, with 
ceiling height of 2.5 m and orientation according to Figure 1A. 
The lateral closure consisted of 0.10-m-high masonry walls and 
0.05 x 0.05 m plastic mesh, associated with blue polypropylene 
curtain. The floor was made of concrete and the pillars were 
made of precast concrete with 0.20 x 0.20 m, spaced apart by 
3.0 m. The roof was double pitched, with wooden structure 
and covered by Roman-type ceramic tiles.

In aviary 1 there was no type of cooling system, nor 
the presence of birds, being considered as a control of the 
environmental condition. Aviary 2, in production, had an 
adiabatic evaporative cooling system (30 min alternation 
between on and off), composed of 10 typhoon-type axial fans 
(total flow rate of 30 m3 s-1) and 10 nebulizers with flow rate of 
6 L h-1 (high-pressure nebulization - 4.0 MPa), which allowed 
the housing of 11,700 birds, Cobb strain (13 birds m-2). The 
birds were in the last week of the production cycle (40 days).

Air temperature (ºC), wind velocity (m s-1) and illuminance 
(lux) data were obtained in November (spring season) at 9, 12 and 
15 h and at 155 points in each aviary, spaced by a 3.0 x 2.5 m grid.

Measurements were performed at a 0.5 m height 
from the floor at each point of the grid. The records were 
made simultaneously in the two aviaries, so there was no 
compensation between the two. Air temperature and wind 
speed data were recorded using a portable thermo-anemometer, 
with temperature reading range from -15 to 50 °C and wind 
speed from 0 to 30 m s-1. Illuminance data were recorded by 
a luxmeter with measuring capacity from 0 to 100,000 lux.

The temporal variability of the data was subjected to 
descriptive statistical analysis to obtain the mean, median 
and coefficient of variation (CV), classified as low when CV 
< 12%; medium when 12% < CV < 24% and high when CV 
> 24% (Warrick & Nielsen, 1980). The Kolmogorov-Smirnov 
normality test was also applied at p ≤ 0.01.

Geostatistical analysis was performed based on the 
calculation of classical semivariances using Eq. 1, which 
estimates the structure and spatial dependence between the 
pairs of observations. 

Tmin, Tmean, Tmax - Minimum, mean and maximum temperatures, respectively

Figure 1. Internal view of the aviaries in the phases of 
downtime - sanitary void and production (A), geographical 
location (B), daily variation outside the environment of air 
temperature (C), air relative humidity - RH and precipitation 
- P (D) in 2017
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where:
γ(h) 	- experimental semivariance, obtained by the sampled 

values Z (xi), Z (xi+ h);
N(h) - number of pairs of measured values;
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h 	 - distance between sample pairs; and,
Z (xi) and Z (xi+h) - values of the i-th observation of the 

regionalized variable, collected at the points xi and xi+h (i = 1, 
..., n), separated by the vector h.

Spatial  dependence was analyzed by f itt ing the 
semivariogram based on the estimation of semivariance using 
the GEO-EAS® program (Englund & Sparks, 1989). Spherical, 
exponential and Gaussian models (Eqs. 2, 3 and 4, respectively) 
were fitted to the data, according to Deutsch et al. (1998). 

Spherical model

and standard deviation close to 1 (Vauclin et al., 1983). The 
degree of spatial dependence (DSD) was classified according to 
Cambardella et al. (1994), which suggests strong dependence 
(St) < 25%; moderate dependence (Md) between 25 and 75%; 
and weak dependence (Wk) > 75%.

Surfer 9 program (Golden Software, 2010) was used to 
construct the maps.

Results and Discussion

The values of air temperature in the morning (9 h) were 
lower in the aviaries when compared to the times of 12 and 
15 h (Table 1), since in the early morning the availability of 
direct solar radiation is lower and the wind speed higher, 
which promoted the reduction in air temperature, and the 
average daily air temperatures of the external environment were 
minimum of 19.38, mean of 27.26 and maximum of 36.87 ºC.

The daily air temperature in both facilities for the entire day 
showed a low CV (aviary 1: 0.60, 0.76 and 0.94; aviary 2: 1.95, 0.66 
and 1.05%), according to the methodology proposed by Warrick 
& Nielsen (1980). Thus, it is observed that the air temperature 
had low longitudinal variation in the installation, considering 
that aviary 2 had an adiabatic evaporative cooling system. 
Gonçalves et al. (2016), studied the spatialization of physical 
variables of the air in rural construction and also observed a low 
CV for air temperature under semiarid conditions.

The CV values for wind speed in both facilities were high 
for all situations (Table 1). Similar variation was reported by 
Curi et al. (2014), who found high CV for wind speed when 
evaluating environmental control of the ventilation system 
of Blue House, Dark House and Solid Wall aviaries. This 
fact occurs due to the high variability in the direction and 
magnitude of the natural winds, since aviary 1 had the curtains 
fully open and aviary 2 had partially open side curtains.

Queiroz et al. (2017) observed a medium CV in the 
morning and high CV in the afternoon for wind speed, under 

( )
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h a a
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Exponential model
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Gaussian model

( ) ( )2
2

3h
h C 1 exp

a

  
  γ = − −
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where:
γ(h) 	- experimental semivariance;
C 	 - sill;
h 	 - distance between sample pairs; and,
a 	 - range.

The fitted semivariograms were validated by the Jack-
Knifing technique, where the mean should be close to zero 

1T1: Temperature in aviary 1 (without birds); 2T2: Temperature in aviary 2 (with birds); 3W1: Wind speed in aviary 1; 4W2: Wind speed in aviary 2; 5I1: Illuminance in aviary 1; 
6I2: Illuminance in aviary 2; 7Min: Minimum; 8Max: Maximum; 9SD: Standard Deviation; 10CV: Coefficient of Variation; 11Sk: Skewness; 12Kt: Kurtosis; 13KS: Kolmogorov-Smirnov 
normality test; **Significant at p ≤ 0.01

Table 1. Descriptive statistics of temperature, wind speed and illuminance for aviaries without and with birds 

(2)

(3)

(4)
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semi-arid condition and with the use of nebulizers. Aviary 2 
had higher CV values in the afternoon, because in this period 
the curtains were up on the left side, to better control the 
incidence of illuminance within the installation, which led to 
high variability.

The CV values of illuminance were high, since they were all 
above 24%. This variability can be explained by the orientation 
of the aviaries, which are longitudinally oriented in the 
Northwest-Southeast quadrant according to the compass rose 
in Figure 1B, which promoted the incidence of solar radiation 
on the floor, causing an increase in radiant thermal load in the 
aviaries. In addition, the high values of standard deviation and 
asymmetry in both facilities justify the high spatial variability 
of illuminance throughout the day.

The ranges obtained for air temperature in the facilities 
were high, considering the dimensions of the aviary (Table 
2). This finding is an intrinsic characteristic of temperature, 
which according to Lopes et al. (2017) has generally strong 
continuity, with consequent continuous fields with high range, 
when spatial interpolation methods are used.

The variables wind speed and illuminance showed reduced 
ranges, between 5 and 10 m (Table 2). The spatial variability of 
the speed of natural winds does not provide internal continuity 
in both facilities, with partial dependence on the external 
environment. This variability is verified at all internal points 
of the structure. For illuminance, variability is provided by the 
direct incidence of sunlight on the floor.

The spatial variability of air temperature in both facilities 
is presented in the kriging maps, for the times of 9, 12 and 15 h 
(Figure 2). According to Furtado et al. (2003), a comfortable 
environment for birds should have temperatures between 22 
and 27 °C. Temperatures outside this range cause thermal stress 
on the birds, as observed in the maps of Figure 2.

Figure 2B shows that air temperature was within the 
comfort zone for the animals at 9 h in a small area of the aviary, 

while in most of the structure the temperature exceeded 27 ºC. 
In addition, the distribution of air temperature throughout 
the installation was heterogeneous, with higher values on the 
right side. However, it should be pointed out that the right side 
of the installation was the area with higher incidence of solar 
radiation (sunrise side), so at the beginning of the day, the 
temperatures were higher only on this side of the installation.

At 12 and 15 h, the temperature was above 30 ºC for both 
facilities. However, in aviaries 1 and 2 (Figures 2C, D, E and 
F) a condition of thermal stress can be noted, because some 
temperatures exceeded 27 ºC (Furtado et al., 2003; Nazareno 
et al., 2009). 

With lower temperatures than those observed and, 
consequently, better thermal comfort, Curi et al. (2014) 
obtained satisfactory responses working with Dark House and 

1T1: Temperature in aviary 1 (without birds); 2T2: Temperature in aviary 2 (with birds); 3W1: Wind speed in aviary 1; 4W2: Wind speed in aviary 2; 5I1: Illuminance in aviary 1; 
6I2: Illuminance in aviary 2; 7C0: Nugget effect; 8C0+C: Sill; 9a: Range; 10R²: Fit of the semivariogram; 11DSD: degree of spatial dependence (%); 12SD: Standard deviation; St: Strong

Table 2. Semivariogram model and degree of spatial dependence (DSD) for air temperature, wind speed and illuminance for 
aviaries without and with birds

Figure 2. Spatial variability of temperature for (A) 9 h in aviary 1 
(without birds), (B) 9 h in aviary 2 (with birds), (C) 12 h in 
aviary 1, (D) 12 h in aviary 2, (E) 15 h in aviary 1, (F) 15 h in 
aviary 2 and their respective maximum residuals of kriging 
at the temperatures with and without birds (G, H, I, J, K and 
L), respectively
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Solid Wall aviaries, in which the air temperatures of 26.73 and 
25.45 ºC, respectively, provided thermal comfort for the birds.

The time that provided greater uniformity of air temperature 
in the facilities was 12 h, because the solar incidence was 
uniform throughout the roof and did not hit the floor directly. 
This can also be observed in Figures 2I and J, in which kriging 
residuals were lower for aviaries 1 and 2, explained by the 
absence of temperature variations in the entire aviary.

Aviary 2 had temperatures close to those of aviary 1, despite 
having an air conditioning system. This was due to the exchange 
of heat between the birds and the environment, with positive 
energy balance, which led to an increase in air temperature, 
probably due to the dissipation by radiation from the birds. It 
is worth mentioning that the air conditioning system worked 
intermittently, so it is necessary to adjust its programming 
base in order to provide temperatures closer to the comfort 
zone of the birds.

It was observed that the wind speed at 9 h ranged from 
0.60 to 3.80 m s-1 and from 0.50 to 2.10 m s-1 for aviaries 1 
and 2, respectively (Figure 3). However, there was a greater 
predominance of velocity around 1.5 m s-1 inside the aviaries. 
Medeiros et al. (2005) state that the ideal wind speed within 
a poultry installation should initially be 1.5 m s-1, reaching 
3.5 m s-1 at the end of the cycle.

Bustamante et al. (2017) observed values close to 1.5 m s-1 
in a broiler house in Spain with similar dimensions, but with 
constant forced ventilation. However, the authors emphasized 
that the highest ventilation rates (V > 1.5 m s-1) at certain points 
in the facilities were not adequate for the birds. Carvalho et al. 
(2012) found maximum velocity values of 0.75 m s-1, so it was 
necessary to intensify the air speed in the facilities.

It was observed that the facilities need adjustments in 
the wind speed at certain points. In Figures 3A, C and E (9, 
12 and 15 h, respectively), the wind speed at the ends of the 
installation of aviary 1 is above 1.5 m s-1 and in the center it 
is below this value, as observed by Bustamante et al. (2017). 
Through the kriging residual maps of Figure 3G, I and K, it 
was found that the residuals were low for these cases. The 
same situation can be observed for aviary 2 in Figures 3B, D 

and F, in which the kriging residuals observed in Figures 3H, 
J and L were also low.

This fact occurs because the birds block part of the incident 
wind within aviary 2, thus causing lower wind speeds in the 
center. Longer use of fans is a possible solution to this problem.

For aviary 1, as observed in Figures 4A, C and E (9, 12 and 
15 h), the values of illuminance at all times were above the ideal 
range of comfort for the animals, from 5 to 20 lux (Santana 
et al., 2014). This occurs because the installation is fully open 
throughout the day, and therefore the incidence of light was 
higher. Jones et al. (2005) and Lin et al. (2006) establish the 
following ranges for illuminance: lux of 0-9 is considered low, 
10-99 is considered medium and 100 is considered high.

Aviary 2 (Figures 4B, D and F) at 9, 12 and 15 h had lower 
illuminance, which was associated with the use of curtains. 
However, it was still above the comfort range for the animals 
according to Lin et al. (2006), who establish that the maximum 
value allowed for birds is 100 lx.

The use of natural lighting, despite its variation during the 
day, promotes lower consumption of electricity, and it is up to 
the producer to perform the management of closing and opening 
of the side curtains to adapt the illuminance inside the aviary. 
Ribeiro et al. (2016) observed lux values higher than 100, even with 
artificial lighting in the southern region of Minas Gerais, Brazil. 
Another possible alternative would be the use of a device that 
reduces the intensity of the electrical current of the lighting system 
(dimmer), which would enable the control of illuminance within 
the recommended range from 5 to 20 lux (Santana et al., 2014). 

It was observed that aviary 2 had lower illuminance when 
compared to aviary 1, due to the management of side curtains 
to control the entry of air and light.

Figure 3. Spatial variability of wind speed for (A) 9 h in aviary 1 
(without birds), (B) 9 h in aviary 2 (with birds), (C) 12 h in aviary 
1, (D) 12 h in aviary 2, (E) 15 h in aviary 1, (F) 15 h in aviary 2 
and their respective maximum residuals of kriging at the wind 
speed without (G, I, K) and with birds (H, J, L), respectively

Figure 4. Spatial variability of illuminance for (A) 9 h in aviary 
1 (without birds), (B) 9 h in aviary 2 (with birds), (C) 12 h in 
aviary 1, (D) 12 h in aviary 2, (E) 15 h in aviary 1, (F) 15 h in 
aviary 2 and their respective maximum residuals of kriging 
without (G, I, K) and with birds (H, J, L), respectively

Conclusions

1. There is strong spatial dependence for the variables air 
temperature, wind speed and illuminance in aviaries without 
and with birds.

2. The ranges obtained for air temperature in the aviaries 
were from 48.22 to 114.52 m, while for wind speed and 
illuminance the ranges were less than 10 m.
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