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Abstract

Heat stress reduction in hutch-reared dairy calves is overlooked on most dairy farms. We hypothesised that during summer, the micro-
climate within hutches is directly affected by compass direction as a result of differences in exposure to solar radiation. On a bright, mid-
August day a number of behavioural and physiological heat stress response measures (respiratory rate, body posture, being in the shade 
or sun) were recorded in 20-min intervals from 0720–1900h on calves housed in hutches with entrances facing all four points of the 
compass. In conjunction with this, dry bulb (ambient) and black globe temperatures, and wind speed were recorded both inside the 
plastic hutches and at one sunny site at the exterior. Data were compared in terms of distinct periods of the day (0720–1100, 1120–
1500, 1520–1900h). Dry bulb temperatures were higher inside hutches compared to outside while for black globe temperatures the 
opposite was true. Daily average temperatures and respiratory rates did not differ between hutches facing different compass points. In 
the morning and afternoon, hutch temperature and calf respiratory rate differed relative to compass point. Calves in east- and north-
facing hutches were seen more in the shade than those in south- and west-facing ones. Our conclusion was that in a continental region 
having hutch entrances face towards the east or north confers some advantages in mitigating severe solar heat load in summer.
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Introduction 
In Europe and North America it tends to be the case that 
dairy calves, for the first few weeks of their lives, are 
housed outdoors in individual hutches that feature a small, 
fenced outdoor area (Roland et al 2016) . These were tradi-
tionally made from plywood before being replaced by fibre-
glass-reinforced plastic and, more recently, various types of 
polyethlyene. Plastic hutches provide an unquestionable 
advantage when it comes to hygiene; however, thermally, 
plastic and fibreglass are at a distinct disadvantage 
compared to plywood (Lammers et al 1996). While plastic 
hutches offer reasonable protection from the cold, they 
provide minimal protection from the impact of direct solar 
radiation (Lammers et al 1996) .  
At ground level, solar radiation is heavily influenced by the 
movement of the sun and, as such, greater solar radiation 
was observed in a north-south compared to an east-west 
orientation, in a greenhouse tunnel study (Wang & Boulard 
2000). Solar irradiation and angle of incidence can increase 
the temperature of a variety of materials, including metals 
(Kordun 2015), wood (Castenmiller 2004) and glass or 
plastic (Santos & Roriz 2012; Wong & Eames 2015). Such 

is the thermal conductivity of certain types of artificial 
polymers that they are able to substitute for metal in solar 
collectors (Ariyawiriyanan et al 2013). Of course, plastics 
used for blow moulding are not thermoplastics; however, 
there is great variability in their thermal conductivity (Yang 
2007). The thermal efficiency of plastics is influenced by 
the solar incidence angle with the greatest efficiency 
occurring when the panel is oriented to the south, and tilted 
at an acute angle (Ariyawiriyanan et al 2013). Conventional 
fibreglass hutches are still in use in many Hungarian dairies. 
Fibreglass-reinforced plastic tends to heat up due to 
exposure to solar radiation and the absorbed heat is irradi-
ated to the hutch environment, causing the inner tempera-
ture to rise. Despite heat stroke in newborn calves occurring 
only sporadically, research into heat stress in outdoor-kept 
calves is still advised. Cold stress is subjected to far more 
research attention compared to the effects of high dry bulb 
(ambient) temperature (DBT) (Roland et al 2016) .  
The upper critical temperature in dairy calves has not been 
clearly defined, but most researchers agree on 26°C (Spain 
& Spiers 1996; Collier et al 2019) . The dearth of research-
based evidence, however, often ensures the impact of heat 
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