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Abstract. The growing interest in the thermal comfort of dairy cows is justified, not only in countries
located in tropical zones, but also in zones with temperate climate where high ambient temperatures are
becoming a problem. The temperature-humidity index (THI) is a value representing the combined effect
of air temperature and humidity associated with the level of heat stress. THI values lower than 72 mean
that the cow’s body is in favourable environmental conditions and is not subject to heat stress. At THI
values of 75 to 78, the animal organism is under heat stress, but the mechanisms of thermoregulation
still manage to cope, while at THI over 78 it is assumed that the stress is so high that it is impossible to
maintain the thermoregulatory mechanisms or normal body temperature.
Introduction
Climate change, defined as a long-term imbalance
of normal climatic conditions such as temperature,
wind and rainfall specific for a particular region, is
likely to be one of the major challenges facing humanity this century (Bertocchi et al., 2014). In the
course of climate change, it is suggested that, even
in regions traditionally characterized by less extreme
climatic conditions, cows will face temperatures beyond their “comfort zone” (Brügemann et al., 2012).
The growing interest in the thermal comfort of farm
animals is justified, not only in countries located in
tropical zones, but also in zones with temperate climate where high ambient temperatures are becoming a problem (Segnalini et al., 2013; Nardone et al.,
2010). In addition to climate change, the problem of
thermal comfort in dairy cows is exacerbated by an
increase in their sensitivity to heat stress due to increased milk yield, thereby reducing the temperature
threshold at which cows respond by reducing milk
yield (Berman, 2005). This is due to the fact that the
released metabolic heat increases when the productivity of animals increases.
Heat stress directly and indirectly affects feed
intake, cow’s body temperature, metabolic processes,
feed utilization efficiency, milk productivity, repro
ductive function, cow behavior, and disease risk
(Kadzere et al., 2002; West, 2003; Jordan, 2003; Cook
et al., 2007; Rhoads et al., 2009; Bernabucci et al.,
2010).
Most studies of thermal stress in animal husbandry are based on temperature and relative humidity
(Igono and Johnson, 1990; Bouraoui et al., 2002; StPierre et al., 2003; West, 2003; Correa-Calderon et
al., 2004), since data on the amount of thermal radiation received from animals, wind speed and rainfall
are not publicly available. On the other hand, temperCorrespondence to Toncho Penev, Department of Applied Ecology
and Animal Hygiene, Faculty of Agriculture, Trakia University,
6000 Stara Zagora, Bulgaria. E-mail: tonchopenev@abv.bg

ature and humidity data can be taken from ordinary
weather stations located near the site.
Temperature-humidity index
The tolerance of animals to high air temperatures
depends on the amount of water vapour in the air
as this affects the rate of heat loss by evaporation.
For the study of heat stress in animal husbandry, the
THI is a commonly used bioclimatic index (Hahn et
al., 2003). Conceptually, it is difficult to determine
whether the THI is best suited to measure the heat
stress in dairy cows. Other indices are also formulated
empirically and often without reference to the body
temperature of cattle. Nevertheless, the original THI
and several variations of it have been widely used to
assess the degree of heat stress in dairy cows (Mader
et al., 2006; Bohmanova et al., 2007; Morton et al.,
2007). The temperature-humidity index is expressed
as a single value representing the combined effect of
air temperature and humidity, which is usually used
to estimate the degree of thermal discomfort in dairy
cows (Armstrong, 1994). Different species of animals
and humans, on the other hand, have different sensitivity to ambient temperature and humidity (Yousef,
1985).
Initially, this index was used only for humans
(Thom, 1959), but it was quickly adopted and began
to be used in different species of animals (Lendelova
and Botto, 2011). Over the last 50 years, this index
has undergone numerous modifications in terms of
the measurement range to respond adequately to the
level of heat stress in dairy cows. There is a significant
difference between perceptions of human and cattle in
particular. This also applies with respect to the THI.
The different variants of this index rely on different
weights of the individual components included in its
determination. For example, in humans the effect of
a temperature measured with a wet thermometer on
comfort is almost 6 times greater than that measured
with a dry thermometer, whereas in cattle this effect
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is only about twice as large. This difference is reflected in the evaporation capacity. Humans can dissipate
about 190% of their metabolic heat by evaporation,
while cattle can dissipate only 105% (Bianca, 1962).
According to Collier et al. (2006), this index is used
to evaluate the environmental conditions that affect
animals. The disadvantage of this index according
to the authors is that it does not include the influence of solar radiation. Mahdy et al. (2014), however,
consider this index to be one of the most important
indicators showing the overall comfort of dairy cows.
According to them, the THI is a good tool for determining the occurrence of heat stress.
When dairy cows are subjected to heat stress, they
respond by increasing respiration rate and rectal temperature (Omar et al., 1996); in addition, panting,
slowed heart rate, and profuse sweating are observed
(Blazquez et al., 1994) as well as reduced feed intake (National Research Council, 1989), all of which
lead to reduced milk production (Abdel-Bary et al.,
1992). Heat stress is associated with several important
changes in the behaviour of cattle. When the air temperature is increased from 25 to 40 °C, feed intake is
decreased by 46%, rumination is decreased by 22%,
standing is increased by 34%, drinking is increased
by 30% and locomotion activity is decreased by 19%
(Tapki and Sahin, 2006). In dairy cows subjected to
heat stress, changes in milk composition, somatic
cells count and mastitis incidence have been observed
(Du Preez et al., 1990). Studies also show that levels
of thyroid hormones and cortisol are affected by heat
stress (Wise et al., 1988; Muller et al., 1994). Decreased dry matter intake and subsequent decline in
milk productivity are signs of heat stress in lactating
cows (Beede and Collier, 1986). Under heat stress,
metabolic acidosis and metabolic alkalosis associated
with bicarbonates are observed, as well as respiratory
acidosis and respiratory alkalosis associated with partial pressure of carbon dioxide (CO₂) (Dale and Brody, 1954). Heat stress increases the partial pressure
of oxygen in the blood (O₂) due to increased alveolar ventilation (Hales and Findlay, 1968) and urinary
creatinine concentrations (Thompson, 1973), suggesting muscle catabolism. Mitra et al. (1972) found
that the plasma concentration of growth hormone and
its rate of secretion decrease at high temperatures (35
°C). Igono et al. (1988) indicate that growth hormone
concentrations in the milk of low, medium and high
productive cows decrease when the temperature-humidity index exceeds 70 and suggest that this is due
to inhibition of growth hormone production in order
to reduce production of metabolic heat. McGuire et
al. (1991) found that the reduction in plasma concentrations of growth hormone were not observed
in cows at thermoneutral conditions, fed with the
same one ration under the two different environmental conditions. In an experiment with lactating cows,
Johnson et al. (1988) reported a decrease in thyroid
hormones triiodothyronine and thyroxine in response
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to heat stress, which they attributed to attempts to
reduce the production of thermal energy in the cow.
Earlier, Alvarez and Johnson (1973) reported that in
dairy cows exposed to heat stress a higher concentration of epinephrine and norepinephrine into the
blood plasma were observed. Heat stress affects both
energy and water metabolism (Silanikove, 1992), increasing plasma and extracellular fluid. Cows under
heat stress conditions tend to have an increased water
content in the rumen, as a result of accelerated rumen exchange of liquid fractions (Silanikove, 1989).
Heat stress reduces the mobility of the reticulum and
slows down the rumination process (Attenberry and
Johnson, 1968). Berman et al. (1985) reported a decrease in thermoregulatory ability under heat stress
in dairy cows, which increased seasonal depression in
the birth rate (Al-Katanani et al., 1998). Wilson et
al. (1998) state that heat stress leads to a decrease in
peripheral estradiol-17β concentrations.
Badinga et al. (1993) found that heat stress at the
beginning of ovulation reduced the diameter and volume of the dominant follicle. Wolfenson et al. (1997)
found that heat stress from day 3 to day 5 of the estrous cycle increased androstenedione and decreased
estradiol-17β concentrations in the follicular fluid of
the dominant follicle. Hansen and Arechiga (1999)
attributed to heat stress physical lethargy, difficulty
in detecting oestrus, and a reduction in the number of cows eligible for embryo transfer. In addition,
Hansen (1997) reported that heat stress in summer in
hot regions was the cause of deteriorating fertility of
breeding sires. Ingraham et al. (1974) argued that to
optimize conception, heat stress must be minimized
at least 12 days before conception. Heat stress also
adversely affects the ovum, sperm in the reproductive
tract, embryo development, and leads to a change in
hormonal balance (Thatcher, 1974).
The THI reports the combined effect of temperature and relative humidity on physiological, productive, etc. indicators in cows. Based on the reported
effects of different THI values in dairy cows, a scale
was developed representing different zones with THI
values associated with different degrees of risk of
temperature stress (Fig. 1).
Fig. 1 shows that THI values lower than 72 mean
that the cow’s body is in favourable environmental
conditions and is not subjected to heat stress. At THI
values of 75 to 78, the animal organism is under heat
stress, but the mechanisms of thermoregulation still
manage to cope, while at THI values over 79 it is assumed that the stress is so high that it is impossible to maintain the thermoregulatory mechanisms or
normal body temperature. The prevailing view is that
milk production begins to decline when THI reaches
a value above 72 (this corresponds to a temperature of
25 °C and a humidity of 50%) and this index value is
taken as an upper limit (Igono et al., 1992; Ravagnolo
et al., 2000). Upadhyay et al. (2009) conclude that
high THI values have a negative impact on cow’s milk
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Fig. 1. Temperature-humidity index.
Source: Pennington and van der Deven (2010).

productivity. The data obtained from the University
of Arizona show that high-yielding cows lower their
milk yield at the THI value of around 68 (Zimbelman
et al., 2009). According to Bouraoui et al. (2002), the
productivity of dairy cows is not affected by THI values from 35 to 72, but when raised above these values, the authors found that a decrease in milk protein
was observed. Ravagnolo et al. (2000), in their study,
found a decrease in the milk yield and milk fat by
0.012 kg and 0.2 kg, respectively, at an increase of the
THI with each unit above value of 72, and the time
that animals spend in lying and resting is reduced by
up to 3 h per day when the THI remains at a value
above 72 more than 10 h per day (Cook et al., 2007).
According to Bouraoui et al. (2002), an increase in
the THI from 68 to 78 leads to a decrease in the daily
milk yield per cow by 0.41 kg for each increase of
the THI with a unit over 69. Geers et al. (2014) summarize that THI values between 60 and 65 should be
taken as the lower limit of heat stress, as above these
values an adverse effect on milk productivity and
conception rate are being reported. Silanikove (2000)
considers that THI values above 80 represent an upper critical limit for the survival of ruminants. Based
on a study conducted in Scotland, high THI values
influence the quantity and composition of milk produced, depending on whether the cows were housed
outdoors or indoors. The intensity of solar radiation
also has affected productivity, while moderate winds
have helped to mitigate the negative effects of heat
stress (Hill and Wall, 2015). In environmental conditions of South Bulgaria in a one-year study, Dimov
et al. (2017) found that in the summer season values
specific for heat stress occurrence in dairy cows were
reported to be average daily above 75. A known risk
of such conditions in spring is daily average over 69.
The daytime THI averages were highest in the resting area during the summer in all three studied farms
with small differences from 73.86 to 74.48, followed
by spring season, where variations in daily averages
were from 66.79 to 68.85. Keown and Grant (1999)

found that the lethal limit for dairy cows starts at
38° C and a relative air humidity of 80%. According
to these authors, even at relatively low air temperatures, cows are under heat stress at a high relative humidity. An air temperature of 31 °C and 40% relative
humidity are equivalent to 27 °C and 80% relative
humidity (corresponding to THI 78) according to
Rao et al. (2014). Vitali et al. (2009) consider that
values 77 and 87 should be taken as the upper minimum and upper maximum critical THI values. Above
these values, they report increased mortality in cows
housed under conditions of an intensive production
system. Mader et al. (2006) include both air velocity
and solar radiation to THI. The authors found that for
each 1 m/s increase in air velocity, the THI decreased
by 1.99 units, and when the solar radiation intensity
decreased by 100 W/m, the THI decreased by 0.68
units.
Table 1 shows the THI values that indicate the
stress levels at which cows respond to and the symptoms observed (Chase, 2006).
The author believes that the severity of heat stress
is conditioned by many factors, but the key ones are:
• air temperature and humidity;
• the length of time cows are subjected to heat stress;
• the degree of temperature drop during the night to
cool animals;
• airflow and ventilation condition;
• the size of the cow, the breed and the colour of the
coat;
• availability and accessibility to water.
The sensitivity of cattle to heat stress increases as
milk yield increases (Berman, 2005). This is due to the
fact that the metabolic heat released increases as the
productivity of animals increases. Studies have shown
that as milk yield increases from 35 to 45 kg per day,
the heat stress threshold decreases by 5 °C (Berman,
2005). Even a slight increase in ambient temperature
can cause an increase in the standing time (Smith et
al., 2012). Reducing the resting time leads to reduced
milk production (Grant, 2007; Bach et al., 2008).
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Table 1. Effect of heat stress on dairy cows (Chase, 2006)

THI

Level
of stress

< 72
72–79

None
Mild

80–89

Moderate

90–98

Severe

> 98

Danger

Comments
Dairy cows will adjust by seeking shade, increasing respiration rate and dilation of blood
vessels. The effect on milk production will be minimal.
Both saliva production and respiration rate will increase. Feed intake may be depressed
and water consumption will increase. There will be an increase in body temperature. Milk
production and reproduction will be decreased.
Cows will become very uncomfortable due to high body temperature, rapid respiration
(panting) and excessive saliva production. Milk production and reproduction will be
markedly decreased.
Potential cow deaths can occur.

Herbut and Angrecka (2012) recommended the
setting of THI values for different zones separately,
and not for the entire building, which would make it
possible to provide more suitable zones for animals
during heat waves. In addition, this will help to determine the requirements for the construction of new
buildings with appropriate ventilation systems, both
in technical terms and localization of these facilities
within the building. Dimov et al. (2017) found significant differences in the values of the THI outdoor
and in the rest area of animals in the building. The
differences were in the range of 2.38 °C to 0.09 °C,
respectively, for spring and winter. This indicates
that the semi open free-stall barns for dairy cows,
especially the area above the stalls, do not provide
comfortable temperature conditions. In reporting the
comfort indices, it has been found that the percentage of cows lying in stalls (cow comfort index (CCI))
decreased by 12.45% at values of the THI of ≥ 58 to
≤ 68 to values above 75. More indicative is the SUI
(stall usage index, showing how many cows use boxes), which shows that of all cows in the group that are
not feeding only 35.43% prefer to lie in stalls at the
values of the THI above 75. The rest of cows prefer to
stand upright not only in stalls (CCI – 64.98%), but
also in other technological zones. In the same study,
negative and statistically significant regressions were
found between the THI, the CCI and the SUI, which
means that an increase in THI values with 1 above 68
would result in a decrease in SUI values of 1.41% and,
in the CCI, by 0.84%. An increase in the THI above
68 results in a slight tendency for an increase in the
percentage of cows standing upright in stalls. Cows
prefer to stay in other zones where they possibly can
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