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‘Impact of Temperature
‘Impact of Humidity
'QTI QSI QL

"THI and MPD
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LCT, Neutral zone, UCT
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o Impact of Temperature
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Known facts

e Optimum Temperature zone
for mature Holstein cows: 10 — 20 °C
for new born: 10 - 15 °C

e Milk Production Decline at T>25 °C

e Temperature of Tainan, Taiwan
(based on 1981-1994 hourly weather data)

— Probability of T<= 15°Cis 9.3%
— Probability of T<= 20 °Cis 27.68%
— Probability of T > 25 °C is 39.63%

— Probability of Twb >=25°C is 32.1%
— Probability of Twb >=26 °C is 20.27%
— Probability of Twb >=27 °C is 9.02%
—"Probability of Twb >=28°Cis2.15%
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Impact of Hufhidity\ e
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Relative MP
Ldbh=ECs) RH (%) Holstein  Jersey
Cow Cow
24 38 100 100
24 76 96 99
34 46 63 68
34 80 41 516

At hig

N T, impact of RH Is severe.




DRY:BULB TEMPERATURE, *C
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At high temperature, heat dissipation
IS dominated by latent heat

HOLSTEIN CALVES
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Short™ Summary _—

Q=1 kW for 500 kg cattle
Q,/Q; = 70% - 100% when Tdb >30°C

Within Q,, through respiration: 20-25%,
others through skin.

Evaporative cooling method should not
increase the humidity of the
environment around cattle (0 to 1.5
meters above ground).




Temperature Humidity Index (THI)

Index combining Temperature and Humidity

THI = T (in °F) —0.55 * (100-RH%)/100 * (T — 58) (English unit)

THI =Tdb (in°C) + 0.36 * Tdp (in °C)+ 41.2 (Metric unit)
Tdb RH% Twb  Tdp THI
78.8°F = THI = 72.50 (Ingraham’s eq.)
45% Ty 1535
26°C > S i THI = 71.88 (Armstrong’s eq.)
104 °F = THI =104 (Ingraham’s eq.)

100%  40°C  40°C
40°C - THI =95.6 (Armstrong’s eq.)



THI = f(Tdb, RH)
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THI = f(Tdb;, Twh)
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g Impact of Humidity
THI Relative MP
Tdh=6Ca) RH (%) Holstein  Jersey
Cow Cow
24 38 08.33100% 100%
24 6 72.17 96 99
34 16 82 62 63 68
34 80  86.01 41 06

THI =70, MPD occurred » THI > 80, severe MPD
—MPD s ot linear depend with THT.




MILK PROOUCTION < xpiday

5°C 19°C—

=
-

-
L

=3
L

e = 78%

68.47 |72.32
|

THI >

— |

TI%

13%

l45 155

163

k|
73 83

44% { 90%
!

d5.0% 75.73} 79.96

7%

63.7

|
ESTIMATED NORMAL
DECLINE INMILX

- ow.h-..-.

P:\ODUCTION ]

1-J-

66%
76.6882%

87. 0940'6

90. 0963

.

88. 06‘7%

|

"*." 1
|

‘ :: 62%
i 64.31
'n

DAYS SINCE BEGINNING OF LACTATION

1 L 1
195 205 218 229 235 245 253 263 273 285
Adapted from ASHRAE
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MILK PRODUCTION DECLINE, KGI/DAY
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Milk Production=f(HD74, HA80S)

MP =21.48 - 0.051 * HD74 — 0.0099 * HA80S

-

where >

» MP: Milk production (in kg/day/cow)
» 21.48: daily production (in kg) per cow in normal
weather condition
» HD74: total hrs of THI > 74 for previous 4 days
» HABS8O0S: square of total hrs of THI > 80 for previous
day
Linvill and Pardue (1992)
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Impact of WindVelocity™

Wind Velocity 1096 26.+£29C 350C
MP =100% rMP =85% rMP =63%
0.18 m/s
(Teq,wc=10) (Teqg,wc=26.7) |(Teq,wc=35)
100% 95%
2.44 m/s 719%
(8.3) (26.2)
100% 95%
4.02 m/s 719%
(5:3) (25.4)

Wind Chill Index = (10.45+10*V°° — V) * (33 — Ta)
for 19.4 m/s>V > 1.8 m/s

Teq,wc=-0.04544*WCI+ 33

Teg,wc = Ta

for V <=1.8 m/s




Eq.Wind Chilled Temperature, deg.C

Equilibrium Wind Chilled Temperature
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The Equilibrium Wind Chilled
Temperature equation

does not imply cooling to below
ambient temperature,

but recognizes that, because of wind,

the cooling rate is increased as

though it were occurring at the lower
equilibrium wind chilled temperature

under calm wind situation.




'
> <

Impact o} Radiation

P

———

Radiation Relative MP
Cal/em2/min | W/m* |72 °C 21.1°C |26.7 °C
0.2 140 [100% |100% |92%
0.42 294 100 93 77
0.6 420 |100 90 69
0.84 588 |100 88 57
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Black globe tefnpeféture (BGT)

Index combining Temperature, Radiation and
Wind but no Humidity.

Used in studying the effects of Shading and/or
ventilation.

Effects of forced ventilation on dairy cattle by Berman (1985).

» BGT <= 25, forced ventilation has no effect on reducing
body temperature (BT) and rectal temperature(RT).

» At Tdb>36, the increase of RT is in direct proportion to the
Increase of BGT. With forced ventilation, the rate of rectal
temperature increment can be reduced by half.
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“" Wet bulb globe température (WBGT)

WBGT indoor =0.7 * Tnv,wb + 0.3 * BGT
WBGT outdoor =0.7 * Tnv,wb + 0.2 * BGT + 0.1 * Tdb

Tnv,wb ]Determined by Heat Stress
Division of U.S. Navy at the
Naval Medical research
Institute in the study of
suggested length of “stay-time’
for an individual performing
various tasks, under various
e physiological heat exposure
Heat Stress Monitor limits (PHEL)

Tdb BGT

9
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