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thermal neutral zone

heat stress et al., 1981; Dikmen and Hansen, 2009

25 26 Berman et al., 1985; Kadzere et 

al., 2002

heat load

Hahn, 1999 Lees 

et al., 2019 1 Nordlund et al., 2019

Lees et al., 2019

1. 

Dikmen and Hansen, 2009 Carvalho et al., 2018 Gebremedhin 

and Wu, 1998 Kovacs et al., 2020 Gaughan et al., 2008 Hammami et

al., 2013 Gebremedhin et al., 2008 West, 1999

Levit et al., 2021 Gaughan et al., 2008

and husbandry management. Environmental factors include ambient temperature, humidity, wind speed, and radiant 

heat (Dikmen and Hansen, 2009). Individual animal characteristics comprise breed (Carvalho et al., 2018), fur type 

(Gebremedhin and Wu, 1998), production stage (Kovacs et al., 2020), health status (Gaughan et al., 2008), adaptability 

(Hammami et al., 2013), and fur color (Gebremedhin et al

feed management (West, 1999), cooling measures (Levit et al., 2021), and litter conditions (Gaughan et al., 2008) of 

husbandry management can impact the heat load of cattle.

38.3 38.9 Sjaastad et al., 2010

West, 2003

Bernabucci et al., 2010

Burhans et al., 2022 42 Sjaastad et al., 2010

pH

Burhans et al., 2022 Lim, 2018

Burhans

et al., 2022

-
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Polsky and von Keyserlingk 2017

(i)  

1.  

Hahn, 1999 dry matter intake, DMI  West, 

2003 DMI Spiers et al., 2004

DMI West, 2003 DMI

DMI Lees et al., 2019 DMI  

35%  Rhoads et al., 2009

Bernabucci et al., 2010

Lees et al., 2019

Spiers et al. 2004 DMI 1 DMI

Spiers et al., 2018

DMI  body condition 

score, BCS Rhoads et al., 2009 DMI

 Renaudeau et al., 2012

2.  

 Hahn, 1999 1

1.2 West, 2003

Ganong, 2005  Burhans et al., 

2022

3.  

Allen et al. 2015

Zähner et al., 2004

0.25 ± 0.03 0.5 ± 0.02 THI

Nordlund et al., 2019

4.  

Schütz et al. 2010 aggressive interactions

Tresoldi 

et al., 2016 Chen et al., 

2015 P 0.05

Pilatti et al., 2019

Polsky et al., 2017

1

(ii) 

1.  

Lees et al., 2019

Gebremedhin et al., 2008

Silanikove, 2000

Spiers et al., 2004; Li et al., 2020

Tresoldi et al., 2016 Zhou et 

al. 2023

Burhans et al., 2022

 Bouraoui et al., 2002 THI

68 78 0.5 6 5
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Spiers et al., 2004; Mader et al., 2006; Zhou et al., 2022 Allen 

et al., 2015; Zhou et al., 2022 Li et al. 2020

4.8 0.1° C

38.6° C 48

 Burhans et al., 2022

García et al., 2020

Gaughan et al., 2008

P 0.05 Pilatti et al., 2019 Purwanto et al., 

1990 day in milk, DIM Bewley et al., 2008

2

2.  

Tresoldi et al., 2016

CO2 

Burhans et al., 2022 Schneider et al., 

1988 pH HCO3- pH

Burhans et al., 2022 - pH

pH pH Schneider et al., 1988

pH DMI Zimpel et al., 2018  

K+ Kadzere et al., 

2002 K+ Na+

Burhans et al., 2022 pH HCO3-

Burhans et al., 2022

Silanikove, 2000

Bernabucci et al., 2010

Koubkova et al., 2002 18° C

32° C albumin blood urea nitrogen, BUN

 alanine transaminase, ALT  

hematocrit, Hct  total protein, TP

heat shock protein, HSP HSP

HSP70 Hu et al., 

2016

3.  

Polsky and von Keyserlingk, 2017

Baruselli et al., 2020

29.7° C 33.9° C 25% 7% Cavestany et al., 1985

20 30% De Rensis and Scaramuzzi, 2003 THI 73

31% 12% 21 1

Schüller et al., 2014

AI  39.1° C 60  21% 15% Pereira et al., 2013

Baruselli et al., 2020

Roth, 2017

 II.  
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Bewley et al., 2008

1 2 3 4

(i)  

1.  

25 26

19 26° C Zhou et al., 2022

Gaughan et al., 2008; Li et al., 2020

Zhou et al., 2023

 Chen et al., 2013

Zähner et al., 2004 25 27  DMI 20  29  

23% Spiers et al., 2004 DMI

DMI  Beede and Collier, 1986

2.  

relative humidity, RH

90% Shiao et al. 2011

THI

THI

Kennedy, 1995

Gebremedhin et al., 2008 RH

RH Gebremedhin and Wu, 1998; Gebremedhin et al., 2008

Zhou et al., 2023

Zhou et al. 2022 RH

60 90%  45 70% 30 50% Burhans 

et al., 2022; Zhou et al., 2022 Zhou et al., 2022

3.  

Gebremedhin and Wu, 1998; Gebremedhin et al., 2008 Gebremedhin et 

al. 2008 0.1 m/s

1.0 m/s 1.5 m/s Zhou et al., 2022

Tresoldi et al., 2018a

1.3 L 1 m/s 27 Chen et 

al., 2015

4.  

Tresoldi et al., 2016

Gebremedhin et al. 2008

600 W/m2 

Provolo and Riva, 2009

(ii)  

1.  THI

NRC 1971 THI Bouraoui et al. 2002

THI 69 THI 1 0.41

1 THI  0.14%

 0.30 0.04  0.70% Morales-Piñeyrúa et al., 2022 THI 1

18.1 Nordlund et al., 2019 THI 68 Heinicke et al., 2018
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THI Zähner et al., 2004

Armstrong 1994

Dikmen and Hansen, 2009 Armstrong 1994  THI 72

72 THI 78 78 THI 89 89 THI 99 THI

99 THI THI

69 Bouraoui et al., 2002 THI 72 THI 80

23% 28% THI 68.5 79.0 9.5

6.2 Nordlund et al., 2019

THI Polsky and von Keyserlingk, 2017

THI De Rensis et al. 2015 THI

68 THI 68 74 THI 75

THI THI Dikmen 

and Hansen, 2009 THI

Bohmanova et al., 2007 THI THI

Dikmen and Hansen, 2009 THI  Bohmanova et al. 2007

THI THI

2.  

Gaughan et al. 2008 17,560

heat load index HLI HLI THI

García et al., 2020

Hammami et al. 2013 THI NRC, 

1971 adjusted THI THIadj; Mader et al., 2006  HLI Gaughan et al., 2008  equivalent temperature 

index ETI; Baeta et al., 1987  environmental stress index ESI; Moran et al., 2001  comprehensive 

climate index CCI; Mader et al., 2010 THIadj HLI ETI CCI THIadj HLI

ESI CCI THI ETI

predicted respiratory rate PRR PRR

Carvalho et al., 2018

Li et al., 2020

RH Dikmen and Hansen, 2009 Li et al. 2020

RH 76 3 5

8  8% 1.7 m/s

0.1

 (iii)

Heinicke et al. 2018 THI X Y

Akaike information criterion AIC Akaike, 1974

X X

Y AIC Heinicke et al. 2018 THI 67

Allen et al. 2015 THI 68

Hammami et al. 2013

THI

Hammami et al., 2013 Armstrong 1994

THI 72

Bouraoui et al. 2002 THI 69

Hammami et al. 2013 THI 62 65 THI

-


