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THE VARIABILITY OF MICROCLIMATE PARAMETERS  
IN DAIRY CATTLE FARM FACILITY

Vesna Gantner,1 Danko Šinka2, Vera Popović3, Milivoje Ćosić4,  
Tihana Sudarić5, Ranko Gantner6

Abstract

Since the change in climate is unquestionable if we plan to have sustainable 
milk production we need to implement a long-term mitigation method. A pre-
condition for the genetic evaluation and selection of genetically heat-resistant 
animals is the measurement and analysis of the variability of microclimate 
parameters. Therefore, this research aimed to show the variability of micro-
climate parameters in a selected dairy cattle farm. The records of ambient 
temperature and relative humidity in the selected farm were measured using 
a Datalogger. The conducted research and data analysis indicate noticeable 
variability of observed microclimate parameters (ambient temperature, rela-
tive humidity and temperature-humidity index) in regard to the measurement 
days. Determined daily THI values indicate a high probability of the occur-
rence of heat stress in the observed period. Furthermore, daily monitoring 
of microclimate parameters enables timely reaction and prevention of more 
serious consequences of heat stress on dairy cows.

Key words: dairy cattle, microclimate, heat stress 
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Introduction

The changes in climate, worldwide, become one of the most pronounced 
problems in agricultural production, especially in livestock production. Cli-
mate change threatens the global food supply since many crops have lower 
yields due to the occurrence of extreme weather events; droughts, floods, 
higher temperatures etc. (Popović et al., 2015, 2020). Furthermore, Gauly et 
al. (2013) pointed out that in Europe heat stress becomes a growing problem 
in total livestock production and especially in dairy cattle breeding. Accord-
ingly, to the report of IPCC (2007) changes in climate will result in increas-
ingly adverse climatic conditions for all sectors of food production (plant and 
animal). Based on their research, Reiczigel et al. (2009) in Hungary, and Dunn 
et al. (2014) in the UK determined the increase in the occurrence of heat stress 
days per year. Almeida et al. (2011) emphasized that the optimal temperature 
of the environment in dairy production depends on the selected species, the 
animal’s breed, the amount and quality of consumed feed, age (parity), indi-
vidual capability of acclimatization, animal’s productivity, the characteristics 
of coat and fur and also on individual animal tolerance to environmental con-
ditions (high or low temperatures). Furthermore, Santos Daltro et al. (2017) 
concluded that high-producing dairy cows are more susceptible to heat stress. 
They explained that with the increase in milk production, also the production 
of animals’ metabolic heat is increased. Vasconcelos and Demetrio (2011) 
pointed out that the selection for high milk production decreases the capa-
bility of the cow to resist the heat stress caused. The same authors concluded 
that therefore in dairy cows during the months with higher temperatures, sus-
ceptibility to heat stress increases while the milk production and reproductive 
efficiency decreases. Likewise, Hansen (2013) noted that the elevated milk 
production causes dairy cows to be more sensitive to heat stress conditions 
suggesting that heat stress will become a huge problem in intensive dairy 
farming regardless the climate changes. Furthermore, Bohmanova (2006) and 
Collier et al. (2006) indicated that animal productivity considerably modifies 
the animal reaction to heat stress causing high-production animals are more 
susceptible to heat stress than animals with lower milk production. Different 
studies (Bouraoui et al., 2002; West, 2003; Spiers et al., 2004; Upadhyay et 
al., 2009; Wheelock et al., 2010; Gantner et al. 2011, 2017) pint out that the 
environment characterized by heat stress adversely affects the quantity and 
quality of milk in dairy animals, particularly in animals of high breeding val-
ue. Moreover, accordingly, to NRC (2007) dairy animals in heat-stress condi-
tions also have increased energy requirements for maintenance for 30%. Fur-
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thermore, Das et al. (2016) determined that heat stress also affects animals’ 
health due to changes in physiology, metabolism, hormonal and immunity 
system. Based on all stated, heat stress generates a substantial loss of profit 
for dairy farms (St-Pierre et al., 2003).

Heat stress represents a combination of ambient temperature and humidity 
that overreach the animal’s comfort zone. The standard measure of heat stress 
in dairy farming is the temperature-humidity index (THI) which incorporates 
data regarding the ambient temperature and relative humidity (Kibler, 1964). 
The value of the THI at which heat stress impacts milk production and feed 
intake range from 68 to 72 (Du Preez et al., 1990a, b; Bouraoui et al., 2002; 
Bernabucci et al., 2010; Gantner et al., 2011; Collier end Hall, 2012). There 
are various methods for the reduction of the heat stress effect in dairy farm-
ing. Short-term methods refer to feeding management and the usage of di-
verse cooling systems in farm facilities, while long-term methods mean the 
selection of animals resistant to heat stress. Since the change in climate are no 
longer questionable if we plan to have sustainable milk production we need to 
implement a long-term reduction method. A precondition for the genetic eval-
uation and selection of genetically heat-resistant animals is the measurement 
and analysis of the variability of microclimate parameters. Therefore, this 
research aimed to show the variability of microclimate parameters in selected 
dairy cattle farm.

Material and Methods

The records of ambient temperature and relative humidity in selected pro-
duction facility of the dairy cattle farm were measured on daily basis every 
5 minutes using a Datalogger. Furthermore, the data was stored on a weekly 
basis in a central server for further analytical processing. For the analysis of 
the variability of microclimate parameters (ambient temperature, relative hu-
midity and temperature-humidity index), records of microclimate parameters 
measured in the period from 15.05.2022 until 30.08.2022 were used. Based 
on measured microclimate parameters, the temperature-humidity index (THI) 
was calculated using the following equation by Kibler (1964):

THI = 1.8 * Ta - (1 - RH) (Ta – 14.3) + 32
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Where:

Ta - the average temperature in degrees Celsius,

RH - the relative humidity as a fraction of the unit.

The basic variability of analysed traits is presented in Table 1.

Table 1. Basic statistical parameters of the analysed traits

Mea-
suring 
month

Temperature, oC Relative humidity, % THI

Mean SD CV Mean SD CV Mean SD CV

5 21.5 4.00 18.550 63.4 15.17 23.930 67.8 5.00 7.380
6 25.1 3.64 14.494 65.5 14.49 22.131 73.1 4.10 5.615
7 25.9 4.18 16.123 52.2 14.08 26.964 72.7 4.44 6.112
8 25.0 3.99 15.938 67.5 20.57 30.472 72.9 3.86 5.303

Total 24.8 4.19 16.898 61.9 17.64 28.475 72.1 4.64 6.437

The variability of microclimate parameters in the selected production facili-
ty is shown as an average, minimum and maximum value per day separately 
for each month and measurement day.

Logical control of data base and statistical analysis was carried out in the 
statistical program SAS/STAT (SAS Institute Inc., 2000). Furthermore, MS 
Excel was used for the graphic presentation of the data.

Results and discussion

The variability of average daily values of microclimate parameters in the 
selected facility is shown in Figure 1. Mean values of daily ambient tem-
peratures ranged from 15.84 to 30.42oC. The mean values of daily relative 
humidity ranged from 43.52 to 91.10, while the mean values of the daily 
temperature-humidity index ranged from 60.04 to 79.72. The determined 
mean values of daily ambient temperatures and the daily temperature-humid-
ity index indicate the occurrence of heat stress in the animals in the selected 
facility. Since highly productive dairy cows lose thermoregulation ability at 
temperatures higher than 25oC, a decrease in daily milk production on this 
farm is expected. 
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Figure 1. Variability of average daily values of microclimate parameters 
(Tempcels – ambient temperature in oC; humidity – relative humidity; THI – 
temperature-humidity index)

The variability of minimal daily values of microclimate parameters in the 
selected facility is shown in Figure 2. Minimal values of daily ambient tem-
peratures ranged from 13.84 to 25.50oC. The minimal values of daily relative 
humidity ranged from 19.80 to 83.80, while the minimal values of the daily 
temperature-humidity index ranged from 50.03 to 74.72. Given that THI val-
ues above 68 Collier et al. (2012) cause heat stress in dairy cows, even deter-
mined minimum values of the daily temperature-humidity index indicate the 
occurrence of heat stress.

Figure 2. Variability of minimal daily values of microclimate parameters 
(Tempcels – ambient temperature in oC; humidity – relative humidity; THI – 
temperature-humidity index).
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The changes in maximal daily values of microclimate parameters in the se-
lected facility are shown in Figure 2. Maximal values of daily ambient tem-
peratures vary in the interval from 17.70 to 36.90oC, while the maximal val-
ues of daily relative humidity vary from 61.90 to 96.00. The maximal values 
of the daily temperature-humidity index vary from 63.13 to 83.66.

If we analyse the maximum values of the observed parameters, it is evident 
that the cows in the selected facility were under heat stress for most of the ob-
served period. Accordingly, to other research, heat stress is manifested when 
the THI of the environment exceed 68 (Collier et al., 2012; Bernabucci et al., 
2010; Bouraoui et al., 2002; Du Preez et al., 1990a, b). Vitali et al. (2009) 
concluded that dairy cows are at increased risk of death in facilities where 
THI reaches 80.

Figure 3. Variability of maximal daily values of microclimate parameters 
(Tempcels – ambient temperature in oC; humidity – relative humidity; THI – 
temperature-humidity index).

In the following research, it is important to determine which factor has the most 
pronounced effect, the maximum temperature and the temperature-humidity in-
dex or the cumulative sum of individual measurements of those two parameters.

Conclusion

The conducted research and data analysis indicate noticeable variability of 
observed microclimate parameters (ambient temperature, relative humidity 



83

and temperature-humidity index) in regard to the measurement days. Average 
daily THI values ranged from 60 to 70, maximum daily THI values ranged 
from 63 to 84, and minimum daily THI values ranged from 57 to 75. Deter-
mined daily THI values indicate a high probability of the occurrence of heat 
stress in the observed period. Furthermore, daily monitoring of microclimate 
parameters enables timely reaction and prevention of more serious conse-
quences of heat stress on dairy cows.

In the subsequent research, it is necessary to determine which factor has the most 
pronounced effect, the maximum temperature and the temperature-humidity in-
dex or the accumulation of individual measurements of those two parameters.
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