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The impact of heat stress has historically received close scrutiny in the dairy industry 
located in temperate areas of the US. Dairy farms located in the southeastern and 
southwestern portions of the US have long had heat stress abatement programs.  Heat 
stress abatement programs have focused on reducing exposure to heat and increasing 
heat transfer (increase heat loss).  Heat stress abatement programs focused primarily 
on lactating cows because heat stress has a direct impact on milk production that was 
easily measured by farm managers.  However, with the continued increases in milk 
production, heat stress has become a growing concern in northern areas of the US as 
well as a concern across Canada. 
 
The milk production per cow has increased from 4,500 pounds in the 1920s to current 
levels of over 20,000 pounds per year.  With increased production, there has been a 
concurrent increase in the heat produced.  As reported by Kadzere and coworkers 
(2002), heat increment has increased from 12 to 15 mega joules in 1940 to over 40 
mega joules in 1995 (assuming a 60 to 65% efficiency (see Figure 1). 
 
Figure 1.  Heat increment and milk production (MJ/d) (Kadzere et al. (2002) 
Livestock Production Sci. 77:59-91). 
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The increasing levels of heat produced increases the cow’s challenge of maintaining 
thermal balance.  Thermal balance is the relationship between heat gained relative to 
heat loss.  Heat gained or heat load is affected by both internal and external heat 
sources.  Internal heat is associated with the heat of metabolism (relative to 
maintenance and milk production), heat of fermentation (associated with levels of feed 
intake), and heat generated by physical activity.  External heat sources include solar 
radiant heat load and heat exchange between animals held in crowded facilities (holding 
pen, overstocked pens).  
 
Heat stress occurs when the animal is unable to maintain homeothermy.  As heat 
production increases, the animal initiates thermal balance mechanisms.  McDowell 
(1972) described the animals’ responses including:  repartitioning of blood flow, initiation 
of sweating, increase respiration rate, change in endocrine activity, change in behavior, 
and an increase water intake.  These responses utilize the four routes of heat gain/loss 
that contribute to the animal’s ability to loss heat.  Radiant heat loss is the loss of heat 
from the surface of the animal through electromagnetic waves.  Conductive heat loss is 
the transfer of heat from the skin to cooler surfaces (wet, cool concrete cow alleys).  
Convective heat loss utilizes the movement of air across the skin, given the air 
temperature is cooler than the skin temperature.  The final route of heat loss is 
evaporative cooling that occurs with panting and perspiration.   
 
Environmental conditions influence the effectiveness of the cooling mechanisms 
activated by the cow experiencing thermal stress.  Air temperature, humidity and wind 
speed affect the cow’s ability to transfer heat to the environment.   The Temperature-
Humidity Index (THI) was developed as a method to assess the ‘thermal environment’ 
and the risk of thermal stress.  The THI index can be calculated using the equation of: 
THI = Tdb – [(.55 - .55 x RH)(Tdb – 58)], where Tdb = dry bulb temp (°F ) and RH is the 
% relative humidity ÷ 100.  A THI index of 75 is considered upper limit for cow comfort.  
However, with increasing levels of internal heat load associated with higher levels of 
milk production, the upper limit of THI may indeed be lower.  An additional limit to the 
THI is the fact that it does not incorporate wind speed or environmental conditions 
influenced by crowding. 
 
The environmental conditions have an impact on animal performance and health.  Vitali 
et al. (2009) reported the relationship between seasonal environmental conditions on 
animal morbidity and mortality in dairy herds in Italy.  As illustrated in the following 
figures, the more severe the summer heat stress (as measured by THI), the more 
severe the impact on animal well-being.  As the THI reached 80, there was a marked 
increase in the number of deaths on dairy farms in Italy (Figure Three). 
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Figure Two.  Mortality in Italian dairy herds by maximum THI (from Vitali et al. 
2009. J. Dairy Sci. 92:3781-3790). 
 

 
Figure Three.  Relationship between THI and mortality with breakpoint at 80 THI 
(from Vitali et al. 2009. J. Dairy Sci. 92:3781-3790). 
. 
 

 
 
 
A field study completed on commercial dairy farms in Missouri investigated the 
relationships between THI and milk production (Figure Four).  When the minimum air 
temperature measured in the housing unit remained above 73, milk production across 
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the four farms reached the lowest level per cow.  However, the best predictor of milk 
production per cow was the direct measurements of thermal balance of the cows.  A 
stepwise regression analysis found environmental conditions had a lower r-squared 
(0.28 to 0.43) compared to cow thermal balance measures (0.68 to 0.73).  Therefore, 
observing the cows and incorporating the thermal status of the cows into decisions on 
the operation of the cooling system should increase the effectiveness of the thermal 
balance management system; thus the concept of strategic cooling. 
 
Figure Four.  Impact of ambient conditions in housing unit on milk production on 
four commercial dairy farms (Unpublished Data, Sampson et al., Univ. of 
Missouri). 

 
 
There are several important aspects of cooling dairy cattle, including evaluating what 
animals on the dairy need to be cooled, when cooling should occur and how the system 
would most effectively cool the cows.  A case can be made that all of the animals on the 
dairy farm need to be evaluated for heat stress, from milk fed calves to milking cows.  A 
comprehensive thermal balance management system considers how to reduce heat 
load from external sources while also increasing heat loss during periods of heat stress.  
The thermal balance management system should also take into consideration the ways 
cows gain and lose heat and the effectiveness and/or limitation of the system on helping 
cows maintain thermal balance. 
 
The milk fed baby calf group is one group that is often overlooked in thermal balance 
management systems.  With the majority of milk fed calves housed in hutches from birth 
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to weaning, cooling systems are often not considered important.  In the summer, hutch 
housed calves can be subjected to a significant radiant heat load.  We published 
research in 1996 that demonstrated the impact of supplemental shade on the ambient 
conditions in the calf housing environment as well as the impact on the calves’ thermal 
balance (Spain and Spiers, 1996).   The use of supplemental shade reduced the air 
temperature in the hutches.  In unshaded hutches, the inside air temperature was 
higher than the outside air temperature.  As noted by measurements in the table, the 
energy from the sun is transferred across the hutch surface and affects the air 
temperature inside the hutch.  As a result, rectal temperatures and respiration rates of 
the calves in the shaded hutches was significantly lower.   Thus, reducing the thermal 
load associated with solar radiant heat energy by using supplemental shade over the 
hutches reduced the external heat load of the calves.  .  These data agree with data 
reported by Coleman et al. (1996; J. Dairy Science 79:2038-2043).  Coleman and co-
workers also reported calves in hutches under shade tended to eat less starter while 
maintaining similar growth rates as calves in hutches in direct sunlight.  These 
differences created a trend towards improved feed efficiency. 
 
Table 1. Thermal conditions and comparisons for shaded and unshaded hutches. 
(from Spain and Spiers, 1996. Journal of Dairy Science 79:639-646). 
Temperature (F) Shaded Hutches Unshaded Hutches P 
Air – a.m. 72.1 74.1 .0001 
Air – p.m. 85.1 88.7 .0001 
Hutch air – a.m. 72.3 74.7 .0001 
Hutch air – p.m. 85.5 89.6 .0001 
Inner surface hutch – a.m. 68.9 73.2 .0001 
Inner surface hutch – p.m. 88.2 98.2 .0001 
 
More recently, Hill and coworkers (2011) investigated the use of fans on thermal 
balance and performance of milk fed calves (J. Dairy Sci. 94:2138–2146).  Fan cooling 
the calves increased average daily gain 0.20 lb. per day and feed efficiency. 
 
With lactating cows housed in barns, solar radiant heat load is not a primary concern.  
Therefore, cooling systems for lactating cows have focused on convective and 
evaporative cooling.  Using fans and sprinklers, a thermal balance management system 
aids in heat transfer through convective (fans) and evaporative (sprinklers).  Berman 
(2008; J. Dairy Sci. 91:4571 – 4578) modeled the impacts of cooling system on heat 
loss.  Predicted heat loss from non-wetted skin was equal to 164 watts per square 
meter of skin (W/m2).  The heat loss from wetted skin using 1 meter/second airflow was 
estimated to equal 736 W/m2.  Increasing the air flow to 2 meter/second over wetted skin 
further increased heat loss from skin to 1,012 W/m2.  This report demonstrates the 
impact of evaporative cooling on the transfer of heat and how it aids in cow comfort 
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during periods of heat stress.  Cooling cows during periods of thermal stress not only 
improves milk production and milk composition, but also has positive impacts on animal 
health, rumen function, and reproduction as well (West, 2003; J. Dairy Sci. 86(6):2131–
2144). 
 
Therefore, it is critical to operate the system to maximize effectiveness of the cooling 
system in order to optimize the thermal balance of the cows.  One aspect of cooling 
often overlooked is the impact of cooling at night.  As air temperatures decrease, there 
is an opportunity to maximize convective heat loss.  Lower air temperatures create a 
greater temperature gradient between the skin temperature of the cows and the 
temperature of the air.  In research conducted at the University of Missouri, the 
effectiveness of strategic nighttime cooling was studied (Spiers and Spain, unpublished 
data).  Lactating dairy cattle housed in environmentally controlled rooms located in the 
Brody Climatology Lab were exposed to thermal challenge.  Fan cooling was applied at 
one of two 12 hour periods (Day Cooling, 7:00 a.m to 7:00 p.m.; Night Cooling, 7:00 
p.m. to 7:00 a.m.).  The study used a positive control treatment of 24 hour cooling.  
When fans were operated during the day when air temperature was above 89F, heat 
loss from the skin was measured and averaged 130 W/m2.  When fans ran at night, the 
air temperature was less than 70F and heat loss from skin was increased to more than 
330 W/m2.  Unfortunately, many cooling systems are controlled by thermostats that rely 
on air temperature and may be switched off, even though cows enter the nighttime 
hours with elevated body temperatures.  The operation of the fans at night can allow 
greater cooling to occur and enhance cow performance through improved cow comfort. 
 
While night cooling is a strategic cooling strategy that should be considered, an option 
that offers a significant potential impact is the cooling of the late gestation dry cow.  
Laburn in 1996 noted that the fetus produces substantial heat due to the very high 
metabolism rate associated with fetal tissue growth and development (News Physiol. 
Sci. 11:96).  In addition to fetal heat, the transition dairy cow is increasing its’ metabolic 
rate in association with the initiation of lactation (mammary gland development, 
colostrum synthesis).  Therefore, the late gestation dairy cow is susceptible to heat 
stress and yet has received little attention on many farms.   
 
Several studies have shown that reducing heat stress in the late gestation dry cow will 
also increase milk yield during early lactation.  Reducing heat stress can be 
accomplished by reducing solar radiant heat loads by using shades.  Heat stress in 
transition dairy cows has also been reduced by the use of sprinklers and fans.  Workers 
at the University of Florida (Urdaz, et al., 2006; J. Dairy Sci. 89:2000 – 2006) reported 
cows housed during late gestation (for at least the last 14 days) with sprinklers, fans 
and shade had increased milk production during the first 60 days of lactation compared 
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to cows housed with sprinklers only.  The aggressively cooled cows had increased milk 
yields of 185 pounds during the first 60 days of lactation or an increase of 3 pounds per 
cow per day.  These results agree with unpublished data from my lab at the University 
of Missouri.  Late gestation cows were cooled twice daily during the last four weeks of 
gestation.  To model cooling in a holding pen where equipment was already available, 
we cooled the cows by sprinkling with water until their skin was soaking wet.  Then we 
ran fans for one hour as we dried the cows off (for evaporative cooling).  Cows were 
cooled at 7 a.m. and 7 p.m.  After calving, all of the cows (control and cooled) were 
moved into the freestall barn and housed together.  Milk production during the first six 
weeks of lactation was increased over 5 pounds of milk per cow per day by the pre-
calving cooling treatment as illustrated in the following figure. 
 
Figure Five.  Effect of cooling during late gestation on milk production during the 
first 6 weeks of lactation (Unpublished data – Spain, University of Missouri). 
 
 
 
 
 
 
 
  
 

 

 

 

More recently, a number of studies have further investigated the impact of cooling late 
gestation dry cows on performance during subsequent lactation.  Avendano – Reyes et 
al. completed a series of studies that investigated dry cow cooling (2006; Livestock Sci. 
105:198 – 206).  These scientists found that cows cooled during the dry period 
produced more colostrum with a higher concentration of immunoglobulin.  In addition, 
the cows cooled during the dry period produced 5.9 pounds more milk per day with a 
significantly higher fat content (2.97% butterfat versus 3.27% butterfat).  The cooled dry 
cows also achieved greater reproductive efficiency with fewer services per conception 
and fewer days open. 

In summary, heat abatement strategies need to be applied to all cows on dairy farms.  
These strategies are not only important for lactating cows, but are equally important to 
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the health and welfare of late gestation dry cows and pre-weaned calves in hutches.  
When designing changes in housing and facilities, focus on reducing heat load (solar 
radiant heat) while also considering approaches to strategically cool the animals to 
improve thermal balance through more efficient heat loss, 

(I would like to acknowledge my colleague Dr. Don Spiers for his contribution to the heat 
stress research.  His role as co-investigator has been critical in the development of the 
concept of strategic nighttime cooling.  Several former students have also made 
important contributions to our research program in strategic cooling including Julie 
Sampson and Kevin Spurlin). 


