Table 4: Properties of measures to check Thermal comfort

	Welfare criterion 
	thermal comfort

	Species/Animal type 
	Fattening cattle, dairy cows, veal calves, sows and piglets, growing pigs, laying hens

	Period 
	On farm and at slaughter

	Measure  
	Animal based on-farm: Panting (warm environment)
	Animal based on-farm : huddling (cold environment)
	Animal based on-farm : Shivering (cold environment)

	What is it supposed to measure?
	Rapid exchange of air to prevent overheating
	Thermoregulatory social behaviour
	Adaptation to cold by shivering

	Brief description 
	Cattle: respiratory rate: count number of breaths taken in a one-minute period
Pigs: Breathing rapidly in short gasps carried out with the mouth. 
3-points scale: 0: no pigs in the group; 1: up to 20%; 2: more than 20%
Poultry: The visible signs of panting are that the birds sit upright, open their beak and make visible respiratory movements. The percentage of the flock that perform panting is estimated.
	Pigs: Visual observations: The pig is lying with over 50% of its body in contact with another pig. It is not considered huddling when an individual is just side by side with another animal.
3-points scale: 0: no pigs in the group; 1: up to 20%; 2: more than 20%
Broiler chicken and laying hens: estimate the percentage of the total flock that perform huddling behaviour 

	 Pig: Visual observations: Slow and irregular vibration of any body part, or of the body as a whole
3-points scale : 0: no pigs in the group; 1: up to 20%; 2: more than 20%

	Selectivity 
	Weaned pigs: The mean respiratory rate is significantly increased during high ambient temperatures (28°C vs. 25 °C) 
Finishing pigs : the respiration rate is higher in pigs at the high ambient temperature (31.9 vs. 25.1 °C)
No confounder
	Pigs: Huddling was negatively affected by temperature: for each degree Celsius increase there was a 4.9% decrease in number of huddling pigs  (Huynh et al 2005). 
Weaned pigs: pigs maintained at a low ambient temperature displayed a higher frequency of huddling behaviour
Confounders : social cohesion, space allowance (if reduced, animals are next to each other)
	 The frequency of shivering is not affected by temperature  not selective?

 No  confounder

	Trueness
	Supposed to be high
	Supposed to be high
	Supposed to be high

	Intra-assessor repeatability
	 Supposed to be high
	 Supposed to be high
	 Supposed to be high

	Inter-assessor repeatability (reproducibility)
	High
Pig: Respiration rate, correlation between  3 observers (weaned pigs: r=0.95 to 0.96; finishing pigs: r=0.86 to 0.88)
	Pigs: Correlation coefficient for inter-observer assessment were fairly weak (r=0.556 to 0.751), however this may have been improved upon with longer training
	 

	Stability over time (
	Pig: good repeatability day to day but depend on weather conditions
	Pig: moderate correlation between 2 visits: coefficient correlation of % of pigs that were huddling = 0.56
	Good repeatability between days

	Feasibility (incl. time)
	Time consuming : 1 min per pig
Cattle: occurrence of extreme panting is supposed to be very low
	Short-term observations can provide an adequate estimate of long-term assessment
	Weaned pigs: during short-term observations (1 h), the frequency of shivering is negligible (0.001). Shivering was not observed in any of the studies, 

	Are there systems in which the measure cannot be applied? 
	 
	 
	 

	Fitness for purpose (incl. detection limit, sensitivity)
	 Cattle : not sensitive
	The pigs started to decrease huddling at a relatively low ambient temperature  (Huynh et al 2005)
Weaned pigs: during short-term observations (1h), frequency of huddling behaviour was low (0.010). More huddling behaviour had been observed at more extreme temperatures than could be achieved in these studies
	 




	Welfare criterion 
	thermal comfort

	Species/Animal type 
	Fattening cattle, dairy cows, veal calves, sows and piglets, growing pigs, laying hens

	Period 
	At farm and at slaughter

	Measure 
	Animal based on-farm : Pig : Wallowing
	Animal based on-farm : cattle : Eating behaviour
	Resources on farm : Pig hygiene score

	What is it supposed to measure?
	 Thermoregulatory behaviour
	
	 

	Brief description 
	Visual observations: the pig is rolling or rubbing its body in a wet mixture of faeces and urine
	 videorecording of eating behaviour
	Visual observation of the percentage of the body taht was soiled as opposed to clean

	Selectivity
	Wallowing was more frequently displayed by pigs at the high temperature than those at the control temperature (0.083 vs. 0.000), which was reflected in pig and pen hygiene scores.
The relative frequency of wallowing increased with increasing temperature. For each degree Celsius increase in ambient temperature, wallowing increased by 1.2¨(Huynh, Aarnink et al. 2005)
Depends on floor type
	 Dairy cows reduce their daylight eating time when maximum ambient temperature exceed 25°C by mainly reducing their afternoon eating time (Taweel et al 2006)
Possible confounders: Feeding competition, building design, …
	Pigs maintained at the high ambient temperature have  higher pig hygiene score 

Possible confounders: management, space allowance

	Trueness
	
	
	

	Intra-assessor repeatability
	Not data available but assumed to be high
	no data available but assumed to be high
	 

	Inter-assessor repeatability (reproducibility)
	 Not data available but assumed to be high
	no data available but assumed to be high
	Hygiene scores were consistently similar between observers (r=0.692 to 0.909; 3 observers)

	Stability over time 
	 
	 
	 

	Feasibility (incl. time)
	 Feasible 
	requires substantial observation time: necessity to use videorecording
	 

	Are there systems in which the measure cannot be applied? 
	Wallowing cannot be observed when pigs are on fully slatted floors, but may be useful if a solid lying area is present
	 
	 

	Fitness for purpose (incl. detection limit, sensitivity)
	 
	 
	 







	Welfare criterion 
	thermal comfort

	Species/Animal type 
	Fattening cattle, dairy cows, veal calves, sows and piglets, growing pigs, laying hens

	Period 
	At farm and at slaughter

	Measure 
	Resources on-farm : relative humidity, amount of air ventilated / air velocity / chill factor, temperature

	Brief description 
	make a mean value from a few measurements taken in different places in the stable, not too close to animals or air inlets/outlets

	What is it supposed to measure?
	 

	Selectivity
	Humidity: a high relative humidity indicates that the capacity of the ventilation system is insufficient. It also makes thermoregulation more difficult
Temperature: Low temperature can make calves suffer if dry straw isn't provided. For older animals, excessive heat can be a problem
Preferred temperature is depending on age and amount and type of bedding

	Trueness
	

	Intra-assessor repeatability
	assumed to be good

	Inter-assessor repeatability (reproducibility)
	assumed to be good

	Stability over time 
	 

	Feasibility (incl. time)
	needs special device but easy to measure
amount of air ventilated: difficult to measure

	Are there systems in which the measure cannot be applied? 
	 

	Fitness for purpose (incl. detection limit, sensitivity)
	very high

	Conclusion
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