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ABSTRACT 

The aim is to characterize and to compare the black (TBG) and gray (TGG) globe 
temperatures in the production of sheep in the Brazilian semi-arid, using Santa Inês and 
Doper breeds, distributed in two thermal environments (exposed to the sun and shaded), 
containing 10 animals in each picket. The experimental design was completely random, 
2 x 2 factorial scheme (shaded environment and sun x black and gray globe) in 46 
replicates (evaluation days). There was an increase of the TBG in relation to the TGG 
during the evaluation times, with maximum temperature (48.1°C) at 1p.m. in the 
environment exposed to the sun, concomitantly with elevation of the black globe 
temperature and humidity index - BGHI (96.7). The result was distinct for TGG, with a 
maximum temperature of 37.6°C and BGHI of 86.2 in the same environment. Regardless 
of the thermometer used, the BGHI values exceeded the considerable comfortable limit 
for sheep. Under shaded conditions, the globe temperatures showed similar behavior. In 
sunny conditions, these temperatures diverged, higher in the black, because of the 
absorption conditions of the thermal radiation of the different colors.  

 
 
INTRODUCTION 

In the evaluation and promotion of thermal comfort 
to the animals it is necessary to use indices that incorporate 
environmental and individual variables, integrating and 
expressing the thermal perception of the individuals 
(Andrade et al., 2016). The environmental thermal 
conditions quantification can be traced from the 
meteorological and physical variables, which summarizes 
the flows of wave radiation to the exposed individual 
(Walikewitz et al., 2015). 

The black globe thermometer is used to determine 
the average radiant temperature, indicating the effects of 
radiant energy, temperature, relative humidity and air 
velocity, as a practical mode to quantify the radiant energy 
components of the environment (Furtado et al., 2017; Torres 
et al., 2017).   

The absorptivity is higher in black objects because 
of their thermal properties, but the ISO 7726 (1998) and the 
ASHRAE (2001) recommend the gray globe, especially 
when the sensor is exposed to solar radiation, because the 

radiation absorption, which resembles the animal body 
surface, has more constant emissivity but smaller than one. 
Silva & Maia (2013) cite that gray globes behave different 
than black bodies, there is dependence of the wavelength of 
the radiation captured and the absorptance is equal to 
emissivity. 

The animals thermal comfort depends on the 
interactivity between the environmental elements, and for 
evaluation there are indexes that incorporate these elements, 
such as the black globe temperature and humidity index 
(BGHI) (Oliveira et al., 2013 and Carneiro et al., 2015), 
describing the environmental conditions through the 
meteorological variables, making possible the analysis of 
the environment in which the animals are inserted.  

The globe temperature assists in the determination of 
the BGHI, but a black body has a greater absorptive capacity 
of the solar radiation (α= 0.97) (ABNT: 15220, 2005), 
which may result in BGHI values above the animal comfort 
condition; however, some physiological activities of the 
animals are sufficient to provide thermal equilibrium 
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(Dantas et al., 2015, Furtado et al., 2017, Torres et al., 
2017). Therefore, the use of gray globe temperature in 
obtaining the BGHI can generate more coherent 
information about the animal conditions, considering the 
superficial characteristics that promote the thermal changes, 
such as the animals coat/skin coloration (Dantas et al., 
2015), as well as the exposure conditions to thermal 
radiation, full sun or shaded environments (Oliveira et al., 
2013). 

The aim of this study was to characterize and 

compare the gray and black globe temperatures in the 

production of sheep submitted to different thermal 

environments in the Brazilian semi-arid region. 

 

MATERIAL AND METHODS 

The experiment was carried out in the oriental Cariri 

microregion of the Brazilian semi-arid region, in the 

municipality of Caturité / PB, whose geographic 

coordinates are 7°25’12’’S and 36°1’37’’W and 405 meters 

of altitude during the period of April to May, totaling 46 

experimental days. In the climatic classification of Köppen, 

the predominant climate is Bsh type, with summer and 

autumn rains and average annual temperature of 24°C. 

Two experimental pickets with 24m² each were 

used, one exposed to the sun and the other covered by fiber 

cement tiles, with a high ceiling of 3.5m, positioned in the 

East-West direction, where the data of environment 

temperature, relative humidity of the air and temperature of 

the dew point were collected through HT-500 datalogger 

(Instrutherm, scale 0 to 100% for RH and -40°C to 70 ° C 

for air temperature), and black and gray globe temperatures, 

through coupled sensors to the HOBO datalloger (Onset, 

scale 5 to 95% for RH and -20oC to 70oC for air 

temperature). 

The experiment distribution was done in a 

completely randomized design, in a 2 x 2 factorial scheme 

(shaded and sun environment x black and gray globe) with 

46 replicates (considering the evaluation days). 

For the characterization of each evaluated 

environment, the equipment was installed in the center of 

each picket. The globes were composed of hollow plastic 

spheres with 15 cm of diameter, painted in gray and black, 

both matte, to minimize reflectance, and “T” type 

thermocouple sensors inserted inside, connected to the 

HOBO datalloger, with the purpose to collect the 

temperatures, and the data collections were measured by 

two standard black and gray globes. All the equipments 

were positioned at the height corresponding to the center of 

the sheep mass (approximately 0.60m). The environmental 

data were collected from 7:00 a.m. to 5:00 p.m., every hour, 

and the interval chosen was due to the greater activity of 

solar radiation.  

Ten sheep were used in each evaluation picket, 5 of 

Santa Inês breed (black coat) and 5 of the Dorper breed 

(mixed fur, black on the head and white on the body), with 

an average age of 24.0±1.5 months and average weight of 

58.2±5.4 kg, all in intensive regime, with feed based on 

sorghum silage, concentrated feed and water at will. To 

evaluate the animal thermal comfort conditions, the black 

globe temperature and moisture content index (BGHI,       

equation 1) were used, with suitability for each type of 

globe used. 

BGHI = Tg + 0.36 Tdp – 41.5                               (1) 

Where, 

Tg = black globe temperature (Tbg) or gray globe 

temperature (Tgg) (°C), 

Tdp: dew point temperature (°C) 

 

The statistical analysis of the comfort index was 

performed using the SAS® software (9.22 version). The 

environmental data on temperature and relative humidity 

were analyzed in a descriptive way, while the regression 

analysis was applied to black/gray globe temperature data.  

 

RESULTS AND DISCUSSION 

There was an inversely proportional behavior of the 

air temperature (TA) and relative humidity (RH), where, as 

the TA increases for both pickets, the RH decreases, 

accounting for 44.9% and 33.9%, when the maximum 

temperature reaches 34.2 and 32.4 ° C, for sun and shaded 

pickets, respectively (Figure 1). 
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FIGURE 1. Average values of air temperature in the sun picket (TAsun) and shaded (TAsh) and relative humidity of the sun air 
(RHsun) and shade (RHsh) during the evaluated schedules 

 
Although the TA is an environmental factor 

frequently worked in isolation, for many species of animals, 
its effect depends on the level of atmospheric activity, with 
variation in TA in function of RH and wind speed (Oliveira 
et al., 2013, Furtado et al., 2017, Torres et al., 2017). From 
the thermal point of view, the inversely proportional 
behavior of the environmental elements is beneficial, 
favoring the heat transfer processes via latent, which 
contribute more effectively to the maintenance of 
thermoregulatory mechanisms of homeothermic animals, 
especially in high temperature conditions.  

The thermal comfort zone (TCZ) for sheep is TA 
between 15 and 30°C and RH between 50 and 70% (Baêta 

& Souza, 2010; Eustáquio Filho et al., 2011). The amplitude 
of the TA and RH at certain times is above the TCZ, 
requiring to the animals to activate thermoregulatory 
mechanisms for thermal maintenance, facts observed by 
Oliveira et al. (2013), Dantas et al. (2015), Furtado et al. 
(2017) and Torres et al. (2017). 

There are differences in the temperature between the 
globes used for the same picket, with higher thermal 
amplitudes in the globes exposed to the sun (Figure 2A and 
2B), corresponding to 21.81 and 13.54°C, for TBG and 
TGG, respectively; similar behavior was observed in the 
shaded picket, but with lower thermal amplitude, of 9.96 
and 9.86°C, for TBG and TGG, respectively.  

 

   
FIGURE 2. Average variation of gray globe temperature (TGG) and black globe (TBG) of the picket exposed to the sun (A) and 
shaded (B) during the experimental evaluation times; (p <0.05). 
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The environment exposed to the sun triggered higher 

TA values, reaching maximum temperatures of 48.1 and 

37.6°C, for the TBG and TGG, respectively. These high 

values at room temperature in facilities for sheep in 

environments exposed to the sun were also found by 

Oliveira et al. (2013) and Furtado et al. (2017), 

demonstrating the importance of shading promoted by the 

facility’s coverage in confined animals.  

The variation between the temperatures of the globes 

corresponds to the changes in the environmental conditions 

in the pickets, since the temperature obtained by the 

thermometer provides an estimate of the combined effects 

of the heat exchanges by radiation and convection, together 

with the ambient temperature (Baêta & Souza, 2010). 

Eustáquio Filho et al. (2011) observed an increase in the 

temperature of the black globe (13.3; 19.9; 27.8 and 36.2°C) 

from the addition of the air temperature inside the climatic 

chamber (10; 20; 30 and 40°C). 

Considering these results, the TBG was higher than 

the TGG, in the range of 12 p.m. to 4 p.m., with peak at 1 

p.m. (48.1 ° C - TBG vs 37.6 ° C - TGG), an increase 

equivalent to 27% between the globes exposed to the same 

situation. In the shaded environment, there was less 

amplitude between the globes, with a difference less than 

1.5%. These data refer to the absorptivity capacity in the 

colors used in the globes, and also demonstrate the 

suitability of colors for the absorption of long and short 

wave radiation. Another consequence of the color adequacy 

of the globe to the analysis is that the presented behavior 

better follows the different environmental conditions, and it 

was possible to notice that the TGG remained closer to the 

air temperature during the period of data collection. 

The color used in globes has a significant influence 
on the temperature of surfaces in general, especially when 
exposed to solar radiation. In this aspect, the black color 
tends to heat more the surface, and this aspect correlates 
with the high capacity of absorption of the radiant heat (α= 
0.97) (ABNT: 15220, 2005) in the solar wavelength range. 
Therefore, the clearer the color of the surface is, less energy 
will be absorbed and greater will be the ability to reflect 
(Dornelles et al., 2014; Fragata et al., 2015).  

A black body is able to absorb all its incident 
radiation, regardless of the wavelength (Fragata et al., 
2015), where the surfaces that have high absorptivity reach 
higher equilibrium temperatures than those with lower 
absorptivity. This aspect, which was addressed in this study, 
with elevation of the TBG, correlates with the exposure of 
the temperature sensor to the radiation associated with the 
metabolic heat generated by the animals. Distinct result in 
the shaded environment, with lower TBG fluctuations. 

The difference in the distribution of the radiant 
energy in opaque bodies is a result of physical, thermal and 
morphological characteristics of the surfaces, so gray bodies 
have less absorptivity than black, with greater reflectivity, 
characteristics that will depend on the surface conditions 
intercepted by the incident radiation, absorptivity and 
wavelength (Novo et al., 2014). 

The globes temperatures presented similarity in the 
distribution of the long wave radiation for both colors, so 
the adoption of the gray globe can be an alternative, with 
equivalent results to the black globe.  The BGHI, regardless 
of the environment, had a different behavior between the 
TBG and TGG, with maximum values obtained by the TBG, 
96.7 and 81.7 for sun and shade environment, respectively 
(Figure 3). 

 

 

FIGURE 3. Average variation of the Globe Temperature and Humidity Index for the black globe thermometers in the sun (BGHI-
BGsun) and shaded environment (BGHI-BGSh) as well as the gray globe thermometer in the sun (BGHI-GGsun) and shaded 
BGHI-GGsh) environment during the evaluation times. 
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The results are correlated with the previously 
obtained data, regarding the joint action of the 
environmental elements of TA, RH, TBG and TGG, with 
this, the increase in the value of these elements results in 
modifications of this index. In the shaded condition, the 
BGHI of the TBG and TGG were similar throughout the 
day, therefore, the gray globe is able to behave similarly to 
the black one regarding the heat transfers under shaded 
conditions, that is, the fact that the BGHI incorporates the 
relative humidity of the air, dew point temperature or the 
wet bulb temperature in its equation makes this index 
exchange analyzer by sensible and latent via, therefore, the 
sensible exchanges are similar under this condition.  

When analyzing the thermal comfort from roofs with 
different types of roof tiles, Sampaio et al. (2011) observed, 
through the BGHI, that, in the shade, the performance of the 
tiles was equivalent, although they presented different 
composition and colors. This observation can be explained 
by the surface conditions of the tiles, such as roughness and 
brightness, which may have the same value for the 
emissivity of the different materials.  

The BGHI is an index that expresses the comfort and 
discomfort of the animal in relation to the environment and 
it is perceived that, regardless of the globe thermometer 
used, the observed values exceeded the considerable 
comfortable limit for sheep (Baêta & Souza 2010; 
Eustáquio Filho et al., 2011). However, in contrast, Oliveira 
et al. (2013), Furtado et al. (2017) and Torres et al. (2017) 
observed high heat tolerance capacity of sheep in an 
environment with high BGHI values, highlighting the 
adaptive capacity of the sheep to the Brazilian semiarid 
region. 

Subtler values of this index were observed for 
BGHI-GGsh (gray globe in the shade), with maximum 
value at 1 p.m. (80.2) and according to the classification 
given by Souza et al. (2014), it remained within a range of 
thermal comfort for sheep. 

The use of the gray globe is an important alternative 
tool to the use of the black globe, because it presents real 
data, mainly in shaded environments, to be used in the 
thermal comfort indexes for animals that present 
adaptability to the environmental and management 
conditions used. Because there are several reports that, 
when using the black globe, considered as the standard 
globe, to calculate the BGHI, they report high index, mainly 
in sunny conditions, reporting conditions outside the 
thermal comfort zone, overestimating the conditions 
experienced by the animals.  

The results obtained in this study indicate good 
accuracy of the BGHI data from the gray globe, because in 
a shaded environment the values were close to the index 
calculated from the black globe. Another observation refers 
to the fact that, in the shadow, the thermal equilibrium 
between the means involved in the heat transfer processes 
is facilitated, besides, because they are manufactured with 
the same materials and because they present the same 
conditions of superficial brightness, consequently the same 
emissivity, the globes presented similarity in the transfer 
and capture of the heat when submitted to the shaded 
conditions. 

 

Given the above, the importance of the use of black 
and gray globe thermometers is understood, since it directs 
them correctly to the purpose of the study. It is very 
important to consider the external surface being evaluated, 
such as the surface of the animal, and correlate it with the 
thermal radiation, long or short waves, received from the 
studied environment.  

 
CONCLUSIONS 

Under shaded conditions, the globe temperatures 
showed similar behavior. In sunny conditions, these 
temperatures diverged, higher in the black, because of the 
absorption conditions of the thermal radiation of the 
different colors.  

The gray globe under shaded conditions showed 
good accuracy as a way of evaluating the thermal comfort 
index, by considering better the conditions of the external 
surface that has been evaluated. 

Regardless of the thermometer used, the BGHI 
values exceeded the considerable comfortable limit for the 
sheep under study.  
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