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Abstract. Heat load in cattle causes deterioration of health and reduced production of milk. 
Therefore, it is necessary to protect cows by appropriate passive and active means and monitor 
the air quality in barns. Based on several indicators of environmental quality, is possible to make 
a more comprehensive assessment of the microclimate and more precise conclusions. This study, 
was monitoring the values of air temperature, relative humidity, and air velocity in two barns with 
the same volume and layout with floor dimensions of 26.6 m × 62.1 m. In barn 1, roof ridge of 
which had underwent only partial reconstruction, there were installed fourteen basket fans with a 
total fan performance Q(1)fans = 218,400 m3 h-1. In barn 2, there were twelve panel fans with a 
total fan performance Q(2)fans = 289,320 m3 h-1. The resulting THI, HLI and ETIC values were 
compared in relation to each other and in relation to the recommended values. 
Despite the operating ventilation technology and enlargement of wall openings, the above-limit 
values of climatic characteristics were observed in both barns during tropical days. There were 
no differences between the barns (p ˃ 0.05), in barn 1: THI(1) = 83.10 ± 0.51; HLI(1) = 85.62 ± 
1.42; ETIC(1) = 27.24 ± 0.31, and in barn 2: THI(2) = 83.12 ± 0.34; HLI(2) = 85.77 ± 1.50; 
ETIC(2) = 27.29 ± 0.28, however, there were found significant differences in values of 
temperature indices obtained in the detailed measurements at points arranged perpendicularly, as 
well as parallelly, to the direction of air velocity in the animal zone (p < 0.05). 
 
Key words: air flow speed, cattle, heat load index, temperature - humidity index. 
 

INTRODUCTION 
 

Currently, climate change is becoming topical issue, because high temperatures 
adversely affect health and productivity of livestock (Sheikh et al., 2017). Reduced 
production and decrease of health cause significant economic losses in animal husbandry 
(Fournel et al., 2017). Several climate models calculate that, at the end of the 21st century, 
surface air warming can rise from 1.1 °C to 6.4 °C. Global warming is concerning not 
only for tropical and southern regions, but also countries with a temperate climate 
(Bernabucci, 2019). Cattle is housed in buildings with natural ventilation, and therefore, 
these objects are so dependent on the weather (Hempel et al., 2019). In last decades, 
many studies have observed the heat load of dairy cows and confirmed that it  
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affects the cow’s health (Kovács et al., 2018), production (Broucek et al., 2019), 
behaviour (Nordlund et al., 2019). 

Animals react to their environment through physiological indicators (respiratory 
rate, rectal temperature) and behavioural indicators (activity, rest, feed intake); these 
indicators are mostly used for detecting of heat stress (Galan et al., 2018). The other 
indicators used to identify heat load in cows are heart rate, body weight, water intake 
and rumination (Hoffmann et al., 2019). Milk production can fall by up to 50% due to 
reduced feed intake. Heat load affects not only the quantity, but also the quality of milk 
(Sheikh et al., 2017). 

According Fournel et al. (2017), Brown-Brandl (2018), the environment affects the 
thermal comfort of animals and is characterized by basic physical elements (microclimatic 
parameters), such as air temperature, relative humidity, air flow speed and sunlight. The 
heat load can be evaluated by calculating and measuring of microclimatic parameters. 

The temperature humidity index (THI) is the most used index for assessing thermal 
comfort in cattle. This index combines air temperature and relative humidity into one 
value to estimate the heat load (Hoffmann et al., 2019). Heat stress have several levels: 
mild heat stress 72 < THI < 79, moderate stress 80 < THI < 89 and severe heat stress 
THI > 89 (Armstrong, 1994; Akyuz et al., 2010). 

High temperatures negatively affect high-yielding cows, which are more sensitive 
than cows with average milk production (Pragna et al., 2017). According to recent 
studies by Heinicke et al. (2018), the threshold value for dairy cows begins at a THI 
value of 67. According to Pinto et al. (2020), the threshold value for the heat load of 
dairy cows is THI 65. 

Fournel et al. (2017) claim, that THI does not consider other factors that may affect 
the thermal comfort of dairy cows, such as air velocity and solar radiation. The 
environmental index that considers not only temperature and humidity, but also the air 
flow speed and solar radiation is the Heat load index (HLI). According to Gaughan et al. 
(2008), HLI have four categories: thermoneutral zone HLI ≤ 70, warm environment area 
70 < HLI < 77, hot environment area 77 < HLI < 86, very hot environment area HLI > 86. 

Another index for air flow evaluation is Equivalent temperature index for cattle 
(ETIC). According to Hempel et al. (2019), equivalent temperature index has 4 
categories: mild category 18 ≤ ETIC < 20, moderate category 20 ≤ ETIC < 25, severe 
category 25 ≤ ETIC < 31, emergency category 31 ≤ ETIC. Monitoring of climate and 
indoor microclimatic parameters could help to mitigate the effects of heat stress in cattle 
(Herbut et al., 2019). Buildings for livestock do not always have the technical 
capabilities to protect against weather conditions and animals are forced to deal with 
heat on their own (Lendelova et al., 2019). 

One of the solutions to alleviate heat stress in cattle are cooling systems such as 
shades, ventilation, evaporative cooling, or their combination (Becker & Stone, 2020). 
To make dairy production more efficient, it is necessary to adjust the indoor environment 
in the form of ventilation (Fournel et al., 2017). Measuring the air velocity in housing 
facilities is quite demanding (Bustos-Vanegas et al., 2019). The performance of a 
ventilation system is affected by several factors that disturb the efficiency of ventilation 
equipment such as animal concentration or structural elements (Mondaca et al., 2019). 
The air flow speed should be directed to the zone where the animals are located and thus 
improve the cooling effect of the fans (Zhou et al., 2019). 
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MATERIALS AND METHODS 
 
The research took place at an experimental dairy farm located in southern Slovakia 

at an altitude of 220 m above sea level. Records were collected in the summer of 2018 
from two identical barns with floor plan dimensions of 26.6 m × 62.1 m and a volume 
of 7,943 m3. 

Both barns were reconstructed from a tie- to free-housing, while the openings in 
the side walls were enlarged to improve natural ventilation and a ridge slots 
(55 m × 1.2 m) with deflectors were built. Due to the frequent occurrence of tropical 
days, motor ventilation was additionally installed to both buildings. In both barns, there 
are 4 groups of animals of 32 with an average annual milk yield of 9,520 kg per animal 
in the given year and the feed corridors, straw bedding, and system and frequency of 
cleaning are the same. 

In barn 1, fourteen basket fans (each with fan performance of 15,600 m3 h-1) with a 
total fan performance of 218,400 m3 h-1 were installed. The fans were arranged in two 
rows 3.5 m away from the longitudinal axis of the building. They were mounted to the 
ceiling structure at a height of 2.8 m above the floor and inclined to the animal zone at 
an angle of 10° (Fig. 1). 
 

 
 

Figure 1. Layout of barn 1 with locations of basket fans and measuring points. 
(bf Brangule basket fan; 1l–7l are measuring points in the longitudinal direction of the object  
spaced 1,200 mm apart; k – places of lying area with measurements at a height of 500 mm;  
m – measuring places of lying area with measurements at a height of 1,200 mm; n – moving alley with 
measurements at a height of 1,200 mm; 1p – 12p are measuring points in the direction perpendicular to the 
longitudinal axis of the object; L – lying zone; C – movement corridor; F – feeding corridor). 
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In barn 2, twelve panel fans were installed (4 devices with fan performance of 
36,530 m3 h-1 and 8 devices with fun performance of 17,900 m3 h-1) with a total fan 
performance of 289,320 m3 h-1. All fans were mounted to the existing steel columns 
located at the longitudinal building axis (Fig. 2). 

COM S3121 data loggers were installed in both buildings and outdoors for 
continuous climate measurements, and ambulant measurements were performed-using 
ALMEMO 2490-1L instruments with temperature range of -20 °C ÷ + 60 °C,  
relative humidity range of 0% ÷ 100% and measurement accuracy 0.03% with hot-wire 
thermoanemometric probe with air flow velocity measuring range of 0.08 ÷ 2 m s-1 

measurement accuracy ± 0.04 m s-1 ± 1% and omnidirectional probe of the appropriate 
range with air flow velocity measuring range of 0.05 ÷ 5 m s-1 and measurement 
accuracy ± 0.02 m s-1 ± 1.5%. 

Ambulant measurements were performed on days when the outside air temperature 
exceeded 30 °C and the air speed did not exceed 2.0 m s-1. The measurements usually 
took place between 1:00 pm and 5:00 pm. During the measurements, the same procedure 
was always followed in both objects (at the measuring points according to (Fig. 1; 
Fig. 2), and, following the same order, the measurements were alternated in the lines of 
observation points arranged perpendicularly to the object axis and longitudinally to the 
object axis). 
 

 
 

Figure 2. Layout of barn 2 with locations of panel fans and measuring points. 
(pf – panel fan; 1l–7l are measuring points in the longitudinal direction of the object spaced 1,200 mm apart; 
r – places of lying area with measurements at a height of 500 mm; s – measuring places of lying area with 
measurements at a height of 1,200 mm; t – moving alley with measurements at a height of 1,200 mm; 
1p – 12p are measuring points in the direction perpendicular to the longitudinal axis of the object; L – lying 
zone; C – movement corridor; F – feeding corridor). 
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The average values of climatic parameters were used for the calculation part to 
determine selected thermal indices THI, HLI and ETIC (Eq. 1; Eq. 2; Eq. 3). Index 
calculations were performed according to the recommendations of Fournel et al. (2017) 
and Wang et al. (2018a). The following equations for the Temperature humidity index 
(THI), Heat load index (HLI) and Equivalent temperature index for cattle (ETIC) were 
used: 

THI ൌ ሺ1.8 ∙ Tdb ൅ 32ሻ െ  ൫ሺ0.55 െ  0.0055 ൉ RHሻ ൉ ሺ1.8 ൉  Tdb െ  26.8ሻ൯  (1) 

where Tdb – The dry bulb temperature, °C; RH – Relative humidity, % (Kelly & Bond, 
1971) 

HLIሺif Tbg ൒ 25ሻ ൌ 8.62 ൅ ሺ0.38. RHሻ ൅ ሺ1.55. Tbg ሻ െ ሺ0.55. WSሻ ൅ e2.4ି୛ୗ (2) 

where Tbg – Black globe temperature, °C; RH – Relative humidity, %, WS – Wind 
speed, m s-1 (Gaughan et al., 2008) 

ETIC ൌ Tdb െ 0.0038 ൉ Tdb ൉ ሺ100 െ RHሻ െ 0.1173 ൉ |WS|଴.଻଴଻ ൉ ሺ39.2 െ Tdb ሻ
൅  1.86 ൉ 10ିସ  ൉ Tdb ൉ SR 

(3) 

where Tdb – Black globe temperature, °C; RH – Relative humidity, %; WS – Wind 
speed, m s-1 (Wang et al., 2018a). 

Statistical analyses were under taken using STATISTICA 10. These involved 
descriptive statistics followed by an analysis of variance (ANOVA). 

 
RESULTS AND DISCUSSION 

 
The level of heat load in both buildings was first evaluated using the THI 

Temperature-humidity index. The measurement results obtained from measuring points 
1 to 12, which were arranged in a line perpendicular to the direction of air flow, are 
shown in Figs 3 and 4. 

 

 
 

Figure 3. Results of the measured microclimatic variables in barn 1 with the corresponding 
temperature-humidity index THI (1). 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

1 2 3 4 5 6 7 8 9 10 11 12

A
ir 

sp
ee

d,
 m

.s
-1

T
em

pe
ra

tu
re

, °
C

R
el

at
iv

e 
H

um
id

ity
, %

T
em

pe
ra

tu
re

-H
um

id
ity

 In
de

x

Measuring places

Temperature (1), °C Relative humidity (1), %
THI (1) Air speed (1), m s⁻¹
THI limit



139 

It was found that the average air temperature measured (in 1p – 12p according to 
Figs 1 and 2 in the animal zone in two cross sections) was T(1)ai,avg = 32.69 ± 0.40 °C in 
barn 1 and T(2)ai,avg = 32.85 ± 0.31 °C in barn 2. The temperature detected in 1p and 2p 
located at the left longitudinal barn wall was higher than the temperature at 11p and 12p 
at the right wall due to its exposure to sun and partial penetration of solar radiation 
through the left wall openings. 
 

 
 

Figure 4. Results of the measured microclimatic quantities in barn 2 with the corresponding 
temperature-humidity index THI (2). 
 

The air temperature near the longitudinal perimeter walls in barn 1 was even lower 
(but not significantly, p ˃ 0.05) than the temperature in barn 2 (in all places 1p, 2p, 11p 
and 12p), however, the ventilation of fan performance in barn 2 was higher by 32% 
(289,320 m3 h-1 vs. 218,400 m3 h-1). The air temperature measured at locations of groups 
housed in the middle of barn at 5p, 6p, 7p and 8p showed more balanced values: from 
Tai = 32.18 °C to Tai = 33.07 °C. 

The average relative humidity in the barn 1 was RH(1)avg = 57.18%, and 
RH(2)avg = 56.08% in the barn 2, while the highest values were found in the middle barn 
areas (from places of 4p to 8p). With the exception of the left feed corridor area (3p, 4p 
and 5p), the relative humidity in the animal zone was always higher (p < 0.05) in barn 
1 compared to barn 2, which corresponds to the size difference of openings in the side 
walls A(1)op = 77.82 m2 in barn 1 in contrast to, A(2)op = 212.5 m2 in barn 2. 

The average air flow speed from cross sections was v(1)avg = 0.65 m s-1 and 
v(2)avg = 0.59 m s-1. The air velocity in the middle barn area, were significantly higher 
(p < 0.05) in both buildings, especially in measuring points 5p, 6p, 7p and 8p (the 
average air speed was v(1)(5,6,7,8) = 0.93 m s-1 and v(2)(5,6,7, 8) = 0.77 m s-1) in barn 2 in 
contrast to points at the perimeter walls (v(1)(1,2,11,12) = 0.47 m s-1 in barn 1 and  
v(2)(1,2,11,12) = 0.49 m s-1 in barn 2). 
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Based on the determined performance of operating fans, the theoretical air 
exchange in objects with the same air volume was ACH(1)theor = 27.49 h-1 for barn 1, and 
ACH(2)theor = 36.43 h-1 for barn 2, however, based on results acquired, there was worse 
air exchange in main animal zone in barn 2 in comparison to barn 1 even though it is 
equipped with ventilation technology with higher performance. 

For the calculations from experimental measurements in the animal zone, two 
simplified logical assumptions were introduced: 1) the velocity vector direction is the 
same in all places of the animal life zone (identical to the air pressure direction driven 
by fans); 2) if there is the same number of animals housed in in barn 1 and barn 2, then 
the extent of the cumulative resistance that the animals present by their bodies as the 
partial barriers affecting the air flow rates in both barns will be the same. 

However, the barn 2 showed worse ventilation (ACH(1)exp = 37.74 h-1, 
ACH(2)exp = 34.25 h-1) using the average air velocity (v(1)avg = 0.65 m s-1 in barn 1; 
v(2)avg = 0.59 m s-1 in barn 2). 

By subsequent determination of selected temperature indices (THI, HLI and ETIC 
according to the methodology, using formula 1, 2 and 3, it was found that the heat load 
levels in the interior of both barns, which were calculated using the measured data from 
all measuring points, are in the equally dangerous category. 

In barn 1, THI(1) = 83.1 ± 0.51 and in barn 2, THI(2) = 83.12 ± 0.34 (it means that, 
in both barns, there is a category of severe stress with conditions of 80 < THI < 89). 
However, observed level of THI indicates that the environment in both barns is equally 
risky in terms of animal heat load, despite the better ventilation capacity in barn 2. 

Based on the calculations of HLI, it was found that HLI(1) = 85.62 ± 1.42 for 
barn 1 is almost identical to HLI(2) = 85.77 ± 1.51 for barn 2 (Fig. 5). This index also 
confirmed the high level of heat load in both barns when the animals - despite the 
establishment of technical measures in the summer - were exposed to the so-called 
category of hot environment (77.1 ≤ HLI ≤ 86) in both barns. 

 

 
 
Figure 5. Results of environment evaluation state using HLI and ETIC in both barns. 
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A comparison of differences between the values of THI, HLI and ETIC indices 
found in the peripheral areas (1p, 2p, 11p and 12p) and the inner areas (5p, 6p, 7p and 
8p) of the animal zone showed better results for barn 1 with basket fans in terms of heat 
load in the vicinity of the longitudinal masonry walls. The deviation in HLI index 
(ΔHLIavg = 1.32%) were larger than the deviations in THI and ETIC (ΔTHIavg = 0.50% 
and ΔETICavg = 0.56%, respectively), however, a significant difference in the objects 
was not confirmed (p ˃ 0.05). 

It was found that the heat load calculated by means of ETIC, which, takes into 
account the multifactor influence of the environment in addition to temperature, showed 
almost the same heat load in both buildings. In barn 1, ETIC(1) = 27.24 ± 0.31; 
ETIC(2) = 27.29 ± 0.81 in barn 2. 

The differences were also demonstrated in the control calculation of the partial air 
exchanges in the building determined according to the evaluated speed levels at 
individual measuring points and in the recalculation of the ETIC coefficient in the 
network of points arranged parallelly to the axis of the fan arrangement (in 3 rows of 
places 1l–7l). According to these results, the level of heat load was lower in barn 1, 
however, the above-limit values were observed in both buildings (severe stress, ETIC > 25). 

For adding more motor ventilation devices, different fan mounting points were 
selected in the buildings, which used the existing steel structural elements. In barn 1, 
basket fans were installed at a height of 2.8 m and inclined at an angle of 10° towards 
the animals. In the barn 2, panel fans were used to move the air horizontally from the 
entrance to the in-farm dungstead. 

In barn 2, the panel fans were concentrated directly along the longitudinal axis at a 
height of 3.8 m above the opposite heads of the lying animals. Although their higher 
performance ensured a more intensive air exchange in its entire, it did not affect the 
environment of the animal life zone to any significant extent. 

The course of ETIC coefficient values is shown in Fig. 6. The average value  
in the longitudinal measuring field ETIC(1)long at the height of 1,200 mm was  
ETIC(1)avg, long = 27.01 in barn 1, and ETIC(2)avg, long = 27.70 in barn 2. For measurements 
at 500 mm, ETIC(1)avg, long = 27.71 in barn 1, and ETIC(2)avg, long = 27.69 in barn 2. The 
values obtained by measurements in the direction of air flow between adjacent fans 
carried out successively at seven places located 1.2 m apart from each other (in 
compliance with the bed size) ranged from ETIC(1)min = 26.14 to ETIC(1)max = 27.9 in 
barn 1, and from ETIC(2)min = 26.87 to ETIC(2)max = 28.61 in barn 2 (Fig. 6). 

Based on the ETIC results obtained from measurements along the air flow between 
adjacent fans, it was found that the reduction of the heat load occurs especially in areas 
located 2 to 5 m from the fan. 

An average decrease of this index was in barn 1, ΔETIC(1)avg = 1.67 and 
ΔETIC(2)avg = 1.38 in barn 2. Furthermore, the lowest values of ETIC(1)min = 26.17 were 
achieved in barn 1, the maximum values were obtained in barn 2, ETIC(2)max = 28.16. 

The ETIC values inversely corresponded to a gradual decrease in the air flow rate 
in the direction along the air flow between the fans. This development did not correspond 
to the development of ETIC in the peripheral barn areas near the perimeter walls, in 
which no changes in the air flow in the longitudinal direction initiated by the fans were 
observed. Insufficient air exchange in the peripheral barn areas creates unequal living  
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conditions for housed animals, which should be further addressed by a multi-level 
process of heat load modification, including the utilization of computer climate 
modeling. 

 

 
 
Figure 6. Results of the ETIC evaluation in the longitudinal direction of the barns in the area of 
adjacent fans (in the lying area at a height of 1,200 mm and 500 mm and in the movement alleys 
at a height of 1,200 mm – see Fig. 1 and Fig. 2). 
 

Every year, in the Slovak lowlands, more than half of the days with air temperatures 
above 25 °C occur during the summer months, and the number of tropical days also 
increases. The limit value of the thermoneutral zone for dairy cows may vary, the older 
literature Berman et al. (1985) recommends a value up to 25 °C, newer articles report a 
threshold value up to 15 °C (Garner et al., 2017). 

At higher air temperatures, heat production also increases, with high-producing 
cows being at greater risk of heat stress than low-producing cows (Pragna et al., 2017; 
Liu et al., 2019). The temperature in stables culminates especially in the afternoon when 
its maximum level can remain even for several hours. 

In the study presented, it was found that the average afternoon indoor temperature 
was higher than 32 °C in both buildings (T(1)ai,avg = 32.69 °C ± 0.40 °C in barn 1; 
T(2)ai,avg = 32.85 ± 0.31 °C in barn 2), reaching the highest level in the inner barn 
sections. For this reason, the location of ventilation technology is especially important 
in this area. 

Heat load affects the reduction of feed intake, which in turn leads to lower milk 
production, and therefore, it is necessary to create some procedures to reduce heat stress 
in dairy cows (Könyves et al., 2017). 
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Several authors, i.e. Wang et al. (2018b) and Tyson, (2010), recommend using 
airflows ranging from 2.0 m s-1 to 3.0 m s-1 for cooling the cattle housing during summer. 
It is important to achieve a suitable speed and direction of flow in the zone occupied by 
animals (Wang et al., 2018b; Zou et al., 2020). 

The air flow rate found in study presented did not reach the level of 2.0 m s-1  
(vmax < 2.0 m s-1). In the individual profiles of cross section, the average afternoon air 
velocity did not reach nor the level of 1.0 m s-1 (v(1)avg = 0.65 m s-1 in barn 1; 
v(2)avg = 0.59 m s-1 in barn 2), which raises the need to properly supplement the 
ventilation system in a manner that there would be better opportunities for cooling the 
animals even in the peripheral barn areas. 

For the purposes of such solutions, it is advantageous to use computer modelling 
and effective utilization of geometric potential of the building, as well as possibility to 
adjust the motor ventilation capacity (Yi et al., 2019; Saha et al., 2020). The heat load in 
dairy cows can be assessed using several methods, but they provide different threshold 
values (Hammami et al., 2013; Ji et al., 2020). 

THI results can be evaluated according to various recommended criteria, however, 
according to several studies, negative reactions to heat load already occur at values above 
THI = 68, Zimbelman & Collier (2011) or THI = 72, Bernabucci et al. (2014), 
respectively Liu et al. (2019) state that dairy cows feel a mild stress when the THI value 
rises above 72. 

Heat stress can be alleviated by various cooling devices, such as fans and sprayers. 
These measures have been found to improve air quality in barns (Chen et al., 2015; 
Tresoldi et al., 2018; Chen et al., 2020). There are some different possibilities to solve 
other concept in building science, too (Kic et al., 2017; Leso et al., 2017; Salama, 2017). 

In the study presented, the above-limit level of THI was recorded in both barns 
(THI(1) = 83.1 ± 0.51 in barn 1; THI(2) = 83.12 ± 0.34 in barn 2) even though both 
objects were intensively ventilated stables with an insulated roof, causing severe stress 
level according to most authors (Bohmanova et al., 2007; Akyuz et al., 2010; Bernabucci 
et al., 2014). 

Several authors, i.e., Ammer et al. (2018), Liu et al. (2019), argue that it is required 
to consider other factors that affect environmental indices in terms of assessing the THI. 

As THI does not include the influence of air velocity and other environmental 
factors, both objects were further evaluated using HLI and ETIC indices. 

When evaluating the heat load using the HLI index, it was also confirmed that the 
animals are in a stressful environment in both buildings after taking into account the flow 
rate (HLI(1) = 85.62 ± 1.42, and HLI(2) = 85.77 ± 1.51). Even the addition of motor 
ventilation did not improve the conditions in barn 2. It is believed that the air flow in this 
building was driven mainly over the animals, because the axial height of the panel fans 
was 3.3 m. In the windy climate situation at this level, there is better interference of the 
transport of air masses Yi et al. (2019), but these phenomena are rare at the farm location 
and do not usually take place during the hottest days. 

If the external wind situation does not improve the condition inside the buildings, 
HLI regularly rises above HLI = 70 in the afternoon in the summer. Study by Van lear 
et al. (2015), examined the relationship of HLI to the production parameters of dairy 
cows and found that increasing HLI reduced milk yield, where, a decrease in milk was 
1.0 kg per animal at a daily average HLI of 85. Vitali et al. (2019) stated that, during the 
summer study from June to September, the HLI values ranged from 72 to 80. They found 
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that the incidence of clinical mastitis had also been shown to increase in connection to 
above-limit HLI values. 

However, the ventilation technology used cannot guarantee the elimination of these 
risks. Furthermore, according to the evaluation of the Equivalent temperature index for 
cattle, the animals in both buildings were exposed to the conditions of severe heat load 
(25 < ETIC < 31), as in both buildings the ETIC = 25 limit was exceeded 
(ETIC(1) = 27.24 ± 0.31 in barn 1, and ETIC(2)= 27.29 ± 0.28 in barn 2). 

At the measuring points arranged perpendicularly to the flow direction, there were 
observed ETICmin = 26.79 and ETICmax = 27.73. In the measurements close to the  
center and parallel to the driven air flow, there were observed ETICmin = 26.14 and 
ETICmax = 28.67. The differences were higher along axis of the flow, although the values 
at the perimeter walls were worse due to lower local air exchange. By getting closer to 
the fan, the differences became more pronounced, which also demonstrated by the 
animal behaviour - the cattle grouped at better ventilated place. However, at the place 
with the highest ventilation effect, it was found that the ETIC was reduced only by 1.6, 
which is not sufficient at this level of heat load. 
 

CONCLUSIONS 
 

The work aim was to investigate the relationship of ventilation technology to the 
heat load of dairy cows in two structurally and dispositional identical barns with different 
total fan performance: Q(1)fans = 218,400 m3 h-1 and Q(2)fans = 289,320 m3 h-1, with 
longitudinal air flow and fans situated around the object longitudinal axis. It was found 
that the values of temperature indices showed a high temperature load, but the 
differences between the objects were not significant (p ˃ 0.05), when the Temperature 
humidity index was THI(1) = 83.10 ± 0.51 in barn 1, and THI(2) = 83.12 ± 0.34 in bar 2, 
as well as for Heat load index: HLI(1) = 85.62 ± 1.42 and HLI(2) = 85.77 ± 1.50 also for 
the Equivalent temperature index for cattle, which was ETIC(1) = 27.24 ± 0.31 and 
ETIC(2) = 27.29 ± 0.28. 

Based on detailed climatic measurements, it was found that, according to 
measurements at 12 points arranged always in a direction perpendicular to the building 
axis, the central barn area was more cooled than the side areas near the longitudinal barn 
walls. However, based on the measurements in the longitudinal direction, it was found 
that, in the central part of the object within a direct reach of fans in almost half of the 
measuring points, there was sufficient reduction in heat load (ETIC < 0.5), but better 
results were obtained in barn 1 with a two–row fan arrangement. 

For both barns, the calculations pointed the need to further intensify the cooling of 
animals in order to adequately improve the possibility of heat excess dissipation. Using 
computer modelling, it is possible to improve the conditions so that they are evenly 
available to as many animals as possible. 

 
ACKNOWLEDGEMENTS. This publication was supported by the Operational Programme 
Integrated Infrastructure within the project: Sustainable smart farming systems taking into 
account the future challenges 313011W112, cofinanced by the European Regional Development 
Fund. 

 



145 

REFERENCES 
 

Ammer, S., Lambertz, C., von Soosten, D., Zimmer, K., Meyer, U., Danicke, S. & Gauly, M. 
2018. Impact of diet composition and temperature-humidity index on water and dry matter 
intake of high-yielding dairy cows. Journal of Animal Physiology and Animal Nutrition 
102(1), 103113. doi: 10.1111/jpn.12664 

Akyuz, A., Boyaci, S. & Cayli, A. 2010. Determination of critical period for dairy cows using 
temperature humidity index. J. Anim. Vet. Adv. 9(3), 1824–1827. 

Armstrong, D.V. 1994. Heat stress interaction with shade and cooling. Journal of Dairy Science 
77(7), 2044–050. https://doi.org/10.3168/jds.S0022- 0302(94)77149-6 

Becker, C.A. & Stone, A.E. 2020. Graduate Student Literature Review. Heat abatement strategies 
used to reduce negative effects of heat stress in dairy cows. Journal of Dairy Science 103, 
2020–18536. https://doi.org/10.3168/jds.2020-18536 

Berman, A., Folman, Y., Kaim, M., Mamen, m., Herz, Z., Wolfenson, D., Aireli, A. & 
Garber, Y. 1985. Upper critical temperatures and forced ventilation effects for  
high-yielding dairy cows in a subtropical climate. J. Dairy Sci. 68, 1488–1495. 
https://doi.org/10.3168/jds.S0022-0302(84) 81501-5 

Bernabucci, U. 2019.Climate change: Impact on livestock and how can we adopt. Animal 
Frontiers 9(1), 3–5. doi: 10.1093/af/vfy039 

Bernabucci, U., Biffani, S., Buggiotti, L., Vitali, A., Lacetera, N. & Nardone, A. 2014. The 
effects of heat stress in Italian Holstein dairy cattle. Journal of Dairy Science 97(1),  
471–486. doi: 10.3168/jds.2013-6611 

Bohmanova, J., Misztal, I. & Cole, J.B. 2007. Temperature-humidity indices as indicators of milk 
production losses due to heat stress. J. Dairy Sci. 90, 1947–1956. 

Broucek, J., Ryba, S., Dianova, M., Uhrincat, M., Soch, m., Sistkova, M., Mala, G. & Novak, P. 
2019. Effect of evaporative cooling and altitude on dairy cows milk efficiency in lowlands. 
International Journal of Biometeorology 64, 433–444. https://doi.org/10.1007/s00484-019-
01828-5 

Brown-Brandl, T.M. 2018. Understanding heat stress in beef cattle. Revista Brasileira de 
Zootecnia Brazilian. Journal of Animal Science 47, 1–9. e20160414. 

Bustos-Vanegas, J.D., Hempel, S., Janke, D., Doumbia, m., Judith Streng, J. & Amon, T. 2019. 
Numerical simulation of airflow in animal occupied zones in a dairy cattle building. 
Biosystems Engineering 186, 100–105. //doi.org/10.1016/j.biosystemseng.2019.07.002 

Fournel, S., Rousseau, Alain N. & Laberge, B. 2017. Rethinking environment control strategy of 
confined animal housing systems through precision livestock farming. Biosystems 
Engineering 155, 96–123. https://doi.org/10.1016/j.biosystemseng.2016.12.005 

Galan, E., Llonch, P., Villagra, A., Levit, H., Pinto, S. & del Prado, A. 2018. A systematic review 
of non-productivityrelated animal-based indicators of heat stress resilience in dairy cattle. 
Plos One 13(11) e0206520. https://doi.org/10.1371/journal. pone.0206520 

Garner, J., Douglas, M., Williams, S.R.O., Wales, W.J., Marett, L.C., Digiacomo, K., Leury, B.J. 
& Hayes, B.J. 2017. Responses of dairy cows to short – term heat stress in controlled – 
climate chambers. Animal Production Science 57(7) 1233–1241. doi: 10.1071/AN16472 

Gaughan, J.B., Mader, T.L., Holt, S. & Lisle, A. 2008. A new heat load index for feedlot cattle. 
J. Anim. Sci. 86, 226–234. 

Heinicke, J., Hoffmann, G., Ammon, C., Amon, B., Amon, T. 2018. Effects of the daily heat load 
duration exceeding determined heat load thresholds on activity traits of lactating dairy cows. 
J. Therm. Biol. 77, 67–74. 

Hammami, H., Bormann, J., M´hamdi, N., Montaldo, H.H. & Gengler, N. 2013. Evaluation of 
Heat stress effects on produstion traits and somatic cell score of Holsteins in a temperature 
environment. J. Dairy. Sci. 96, 1844–1855. 



146 

Hempel, S., Menz, CH., Pinto, S., Galán, E., Janke, D., Estellés, F., Müschner-Siemens, T., 
Wang, X., Heinicke, J., Zhang, G., Amon, B., del Prado, A. & Thomas, A. 2019.  
Heat stress risk in European dairy cattle husbandry under different climate change 
 scenarios - uncertainties and potential impacts. Earth System Dynamics 10, 859–884. 
https://doi.org/10.5194/esd-10-859-2019 

Herbut, P., Angrecka, S., Godyń, D. & Hoffmann, G. 2019. The physiological and productivity 
effects of heat stress in cattle – a review. Ann. Anim. Sci. 19, 579–593. 
https://doi.org/10.2478/aoas-2019-0011 

Hoffmann, G., Herbut, P., Pinto, S., Heinicke, J., Kuhla, B. & Thomas, A. 2019. Animal-related, 
non-invasive indicators for determining heat stress in dairy cows. Biosystems Engineering 
199, 83–96. 

Chen, E., Narayanan, V., Pistochini, T. & Rasouli, E. 2020. Transient simultaneous heat and 
mass transfer model to estimate drying time in a wetted fur of a cow. Biosystems 
Engineering 195, 116–135. 

Chen, J., Schutz, K.E. & Tucker, C.B. 2015. Cooling cows efficiently with sprinklers: 
Physiological responses to water spray. Journal of Dairy Science 98(10), 6925–6938. 

Ji, B., Banhazi, B, Ghahramani, A., Bowtell, L., Wang, Ch. & Li, B. 2020. Modelling of heat 
stress in a robotic dairy farm. Part 4: Time constant and cumulative effects ofheat stress. 
Biosystems Engineering 199, 58–72. 

Kelly, C.F. & Bond, T.E. 1971. Bioclimatic factors and their measrurments. National Research 
Council (Ed.), A guide to enviromenmental research on animals, pp. 7–92. 

Kic, P. 2017. Effect of construction shape and materials on indoor microclimatic conditions 
inside the cowsheds in dairy farms. Agronomy Research 15(2), 426–434. 

Kovács, L., Kézér, F.L., Ruff, F., Jurkovich, V. & Szenci, O. 2018. Heart rate, cardiac vagal tone, 
respiratory rate, and rectal temperature in dairy calves exposed to heat stress in a continental 
region. International Journal of Biometeorology 62(10), 1791–1797. doi: 10.1007/s00484-
018-1581-8 

Könyves, T., Zlatković, N., Memiši, N., Lukač, D., Puvača, N., Stojšin, M., Halasz, A. & 
Miscevic, B. 2017. Relationship of temperature-humidity index with milk production and 
feed intake of holstein-frisian cows in different year seasons. Thai Journal of Veterinary 
Medicine 47(1), 15–23. 

Lendelová, J., Mihina, Š., Žitňak, M., Nemethova, M. & Botto, L. 2019. Thermo-technical 
parameters of the different bedding surgaces in cubicles for dairy cows as a factor of their 
well-being in winter and summer. American Society of Agricultural and Biological 
Engineers – ASABE Meeting Presentation, Paper No. 1900268, 
https://doi.org/10.13031/aim.201900268 

Leso, L., Morshed, W., Conti, L. & Barbari, M. 2017. Evaluating thermal performance of 
experimental building solutions designed for livestock housing: the effect of greenery 
systems. Agronomy Research 15(1), 239–248. 

Liu, J.J., Li, L.Q., Chen, X.L., Lu, Y.Q. & Wang, D. 2019. Effects of heat stress on body 
temperature, milk production, and reproduction in dairy cows: a novel idea for monitoring 
and evaluation of heat stress - A review. Asian – Australasian Journal of Animal Sciences 
32(9) 1332–1339. doi.org/10.5713/ajas.18.074 

Mondaca, M.R., Choi, C.Y. & Cook, N.B. 2019 Understanding microenvironments within 
tunnel-ventilated dairy cow freestall facilities: examination using computational fluid 
dynamics and experimental validation. Biosyst Eng 183, 70–84. https://doi.org/10.1016/j. 
biosystemseng.2019.04.014 

Nordlund, K.V., Strassburg, P., Bennett, T.B., Oetzel, G.R. & Cook, N.B. 2019. Thermodynamics 
of standing and lying behavior in lactating dairy cows in freestall and parlor holding pens 
during conditions of heat stress. Journal of Dairy Science 102, 6495–6507. 
https://doi.org/10.3168/jds.2018-15891 



147 

Pinto, S., Hoffmann, G., Ammon, C. & Amon, T. 2020 Critical THI thresholds based on the 
physiological parameters of lactating dairy cows. Journal of Thermal Biology 88, 102523. 
https://doi.org/10.1016/j.jtherbio.2020. 102523 

Pragna, P., Archana, P.R., Aleena, J., Sejian, V., Krishnan, G., Bagath, m., Manimaran, A., 
Beena, V., Kurien, E.K., Varma, G. & Bhatta, R. 2017. Heat Stress and Dairy Cow: Impact 
on Both Milk Yield and Composition. International Journal of Dairy Science 12(1) 1–11. 
doi: 10.3923/ijds.2017.1.11 

Saha, K. Ch., Yi, Q., Janke, D., Hempel, S., Amon, B. & Amon, T. 2020. Opening Size Effects 
on Airflow Pattern and Airflow Rate of Naturally Ventilated Dairy Building – CFD. Applied 
Sciences 10, 6054, 1–17. doi:10.3390/app10176054 

Salama, W. 2017. Design of concrete buildings for disassembly: An explorative review. 
International Journal of Sustainable Built Environment. Volume 6, Issue 2, December, 
pp. 617–635. https://doi.org/10.1016/j.ijsbe.2017.03.005 

Sheikh, A.A., Bhagat, R., Islam, S.T., Dar, R.R., Sheikh, S.A., Wani, J.M. & Dogra, P. 2017. 
Effect of climate change on reproduction and milk production performance of livestock. 
Journal of Pharmacognosy and Phytochemistry 6(6), 2062–2064. 

Tresoldi, G., Schutz, K.E. & Tucker, C. 2018. Cooling cows with sprinklers: Spray duration 
affects physiological responses to heat load. Journal of Dairy Science, 101(5), 4412–4423. 

Tyson, J.T. 2010. Dairy heat abatement system selection tool. Paper presented at the 2010 
ASABE Annual International Meeting, Pittsburgh, Pennsylvania. 

Vitali, A., Felici, A., Lees, A.M., Giacinti, G., Maresca, C., Bernabucci, U., Gaughan, J.B., 
Nardone, A. & Lacetera, N. 2020. Heat load increases the risk of clinical mastitis in dairy 
cattle. Journal of Dairy Science 103(9), 8378–8397. doi: 10.3168/jds.2019-17748 

Wang, X., Gao, H., Gebremedhin, K.G., Bjerg, B.S., Van Os, J., Tucker, C.B. & Zhang, G. 
2018a. A predictive model of equivalent temperature index for dairy cattle (ETIC). Journal 
of Thermal Biology. 76, 165–170. doi.org/10.1016/j.jtherbio.2018.07.013 

Wang, X., Zhang, G. & Choi, CH. Y. 2018b. Effect of airflow speed and direction on convective 
heat transfer of standing and reclining cows. Biosystems Engineering 167, 87–98. 
https://doi.org/10.1016/j.biosystemseng.2017.12.011 

Yi, Q., Wang, X., Thang, G., Li, H., Janke, D. & Amon, T. 2019. Assessing effects of wind speed 
and wind direction on discharge coefficient of sidewall opening in a dairy building model 
– A numerical study. Computers and Electronics in Agriculture 162, 235–245. 
https://doi.org/10.1016/j.compag.2019.04.016 

Zimbelman, R.B. & Collier, R.J. 2011. Feeding strategies for high-producing dairy cows during 
periods of elevated heat and humidity. In: Tristate dairy nutrition conference, Fort Wayne, 
Indiana, USA, pp. 111–125. 

Zou, B., Heber, A.J., Shi, Z., Du, S., Jin, Y. & Lim, T.T. 2020. Comparison of direct and indirect 
determinations of dynamic ventilation rate in a modern dairy free stall barn. Int. J. Agric. & 
Biol. En. 13(6) 41–46. 

Zou, B., Wang, X., Mondaca, m.R., Rong, L. & Choi, CH.Y. 2019. Assessment of optimal 
airflow baffle locations and angles in mechanically-ventilated dairy houses using 
computational fluid dynamics. Computers and Electronics in Agriculture 165, 104930. 

 


