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Heat Stress in Dairy Cattle

Refers to environmental and metabolic conditions that
increase body temperature

Triggers a range of behavioral and physiological responses to
minimize heat production and increase heat dissipation
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Global Average
Surface Temperature

o

Change in temperature is accelerating (~0.14
Fahrenheit (0.08° Celsius) per decade since

1880, or about 2° F in total)

The rate of warming since 1981 is more than

twice as fast: 0.32° F (0.18° C) per decade

Most of the planet is warming (yellow,

orange, red)



GLOBAL AVERAGE TEMPERATURE
The Jan-Dec 2022 average global surface temperature was the sixth highest since global records began in 1880.

EUROPE

Europe had its second-highest yearly temperature on record.
Warm and dry conditions during summer exacerbated drought
conditions and fueled severe wildfires.

ARCTIC SEA ICE EXTENT
The 2022 Arctic maximum and minimum extents were
both the 10th-smallest on record. ~.

G
S JAPAN
7 ASIA . A heat wave scorched Japan
v 2022 was Asia's second-warmest year on record, in Jun, marking the worst
NORTH AMERICA
2022 tied with 2011 and 2019
as North America’s 15th-warmest ATLANTIC HURRICANE CHINA 1875.
ear on record SEASON Heavy rain caused severe
Near-average activity: PAKISTAN 2:0‘1"}9 'J“ Pag‘; of 5|°Ul:‘9’"
14 storms, including Record-breaking rain fell BTN, S0MIBIGCALIoNS
CONTIGUOUS U. 8 hurricanes. during Jul and Aug, causing Were hit by the heaviest rain g::vi?v’:mge activity:

Dry and warm (ondmons contributed to \0 d in 60 years.
HURRICANE FIONA levastating floods that
damaging wildfires across the West during In Sep, Fiona affected the Caribbean. aﬂecled over 30 million

Northern Hemisphere spring through fall. |t made landfall in Nova Scotia as the People.~— ® &
strongest and costliest post-tropical

HURRICANE AGATHA

Hurricane Agatha was the strongest

May hurricane on record to hit across the northern Philippines and into

M = NORTH INDIAN OCEAN Vietnam and Laos, brought heavy rainfall,
RRICANE IAN AFRICA CYCLONE SEASON destructive flooding and strong gusts to

Below-averagg the region in Sep.

ASTERN NORTH
PACIFIC HURRICANE
SEASON

Aﬂ knocking out Cuba's power grid, 2022 was Africa’s 10th-warmest
ade landfall in southwestern year on record.

SOUTH INDIAN OCEAI|

Tvitye t shy of Category 5 strength
Near-average activity: Jus ; CYCLONE SEASON
19 storms, Including 10 ng record heavy rain and SOUTH AFRICA —__ Near-average activity: A
burricanes, gifistrophic storm surges across Record-breaking rain fell 9 st Including 5 Oceania had a top-20
AN #orts of Florida. across parts of eastern 5|°;_|'“5' \ncluding warm year.
South Africa during il
SOUTH AMERICA mid-Apr. AUSTRALIA
» MADAGASCAR Extreme rain and flooding affected
Sg:'li‘\)rl‘\vrneecr:)c(: had its 12th-warmest GLOBAL CYCLONE ACTIVITY  maior cyclones Batsirai ang Emnat, as parts of eastern Australia from late
y * 88 storms, including 40 hurricanes/ el as Tropical Storm Dumako made Feb through early Mar.
SOUTHERN SOUTH AMERIcA ©Yclones/typhoons. landfall in Madagascar in Feb ~ the first

time since Jan 1988 that three storms
made landfall in Madagascar in a single
month.

An intense heat wave affected parts of
the region in Jan, resulting in multiple
temperature records

ANTARCTIC SEA ICE EXTENT
The Antarctic had its fourth-smallest annual maximum
and its smallest minimum annual extents on record.

1ote: Material provided In this map was compiled from NOAA's State of the Climate Reports. For more information please visit: hitps://ww.ncei.noaa. gov/a wonitoring/monthly-repor/glot

U.S. 2023 Billion-Dollar Weather and Climate Disasters
‘Drought/Heat Wave QFIooding Hail © Hurricane eSevere Weather OTomado Outbreak OW»Idﬁre . Winter Storm/Cold Wave

North Central and
Eastern Severe Weather Central Tornado Outbreak and
July 28-29 Eastern Severe Weather

Central and Eastern March 31-April 1

Severe Weather Northeastern Flooding and
April 4-6 North Central Severe Weather

Northeastern Winter
ify9-18 / Storm/Cold Wave
~ February 2-5
. \¥ %O North Central and
= /" Southeastern
Severe Weather

Rockies Hail Storms, Central Minnesota Hail Storms
and Eastern Severe Weather August 11
June 21-26

California Flooding
January-March

July 19-21
6 Northeastern and
Eastern Severe Weather
Central and Eastern @ August 5-8
Tornadoes and Hail Storms N
May 10-12
Southern and Eastern
Severe Weather
March 2-3
Central and Southern Severe Weather
June 15-18 Southern and Eastern
Central Severe Weather o @ Hurricane ldalla  ggyere Weather
April 19-20 August 29-31 March 24-26
Hawaii Firestorm S S\/eu"}ﬁm Sy
evere Weather Southern
*— p
August 8 o April 25-27 Severe Weather ?::;rggmeyr; eahet
Southern April 15
@ Texas Hail Storms Severe Weather Central Severe Weather
v May 18-19 June 11-14 May 6-8

This map denotes the approximate location for each of the 23 separate billion-dollar weather and climate disasters that impacted the United States through August 2023.

documented streak of hot
weather in that month since

WESTERN NORTH
PACIFIC TYPHOON

22 storms, including 12
typhoons.

WESTERN PACIFIC TYPHOONS
cyclone on record for Canada. Typhoon Hinnamnor, which hit South
Korea, and Typhoon Noru, which moved

'OCEANIA

SOUTHWEST PACIFIC
CYCLONE SEASON
Below-average activity:

6 storms, including 2 cyclones.

Selected Significant
Climate Changes and
Events in 2022

Extra heat

 Regional and seasonal temperature extremes
 Reducing snow cover and sea ice
* Intensifying heavy rainfall

* Changing habitat ranges for plants/animals

ow will it impact farm profitability

and animal production?




Heat Stress: Economics o $

Cost: lost productivity, mortality, health, etc.

* US dairy industry: $810 million to $1.5 billion/year

* Potential future losses could reach as high as $2.2 billion by 2080
( U S D ) The New York Times, July 27th2006

Thousands of livestock are also dying from the intense heat. Dairy

farmers are using sprinkler systems and shaded barns to try to keep the
cows cool.

CBS NEWS, July 5th2017

It will get worse in the future if:

* Climate change continues as predicted

By MICHELLE ROOK June

* Genetic selection only for milk yield B
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TEMPERATURE-HUMIDITY INDEX (THI)

Determines when a cow may start feeling heat stressed

THI = Tdb—[0.55 —(0.55 X RH/100)] X Tdb—58)

High-producing cows

1 Kg = 220 |bS DAIRY COW TEMPERATURE HUMIDITY INDEX (THI) can begin to experience
Humidity % .
Temp°F|] O | 5 | 10 | 15 ] 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 90 heat stress with 68 T
72| 64 ! 65 | 65 | 66 | 66 | 67 | 67 | 67 | 68 | 68 | 69 | 69 | 69 | 70 | 70 | 70 | 71 | 711
74 ss* ¢ 67 | 67 | 67 | 68 | 68 | 69 | 69| 70| 70 | 70 | 71 | 71 | 72 | 72 73
76| 66 57 | 68 | 68 | 69 | 69 | 70 | 70 | 71 | 71 | 72 | 72 | 73 | 73 | 74 | 74 | 75 | 75
Stress- 4hr/d 78| 67 | 68 | 68 | 69 | 69 | 70 | 70 | 71 | 71 | 72 |72 | 73 | 73 | 7a | 7a | 75 | 75 76
80| 68 | 69 | 69 | 70 | 70 | 71 | 72 | 72 | 73 | 74 | 75 | 75 | 76 | 76 | 77 | 78 | 78 | 79 | 79
68-71 82| 89 | B9 nm|n | n 2|13 | 13| a| 5|5 || 77|77 | 7178 19)]79
84| 70 |70 | 71 | 72 | 73 | 73 | 7a | 75 | 75 | 76 | 77 | 78 | 78 | 79
1.1kg/cow/d 86| 71 | 71 |72 | 73 | 7a | 74 | 75 | 76 | 77 | 78 | 78 | 79
88| 72 |72 |73 | 74 | 75 | 76 | 76 | 77 | 78 | 79
. 90|72 |73 |74 |75 | 76| 77| 78| 79 | 79
94| 74 | 75 | 76 | 77 | 78 | 79
72-79 9| 75 | 76 | 77 | 78 | 79 90
2.7kg/cow/d %] 76 {77 | 78 % |51
100 77 | 78 | 79 90 | 91 |92 | o3
102| 78 | 79 90 | 91 [ 92 | 94 | 95
10a| 79 90 |91 | 93 | 9a | 95 | 9
106 90 | 91 | 93 | 94 | 95 | 97 | 98
108 90 | 92 | 93 | 94 | 96 | 97 | 98 | 100
110 90 | 91 |93 | 95 | 96 | 97 | 99 | 100 101
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Common Effects of Heat Stress on Dairy Cows

Milk yield

36
2
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1 Kg =2.20 lbs TH!

S UNIVERSITY OF

@/ animaL & avian. MARYLAND
Q

44444 o7 DEIARICIS EXTENSION



Common Effects of Heat Stress on Dairy Cows

—4- Heat stress

Milk yield, 4 14% more than TN
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1Kg =220 Ibs
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Rectal temperature *HS vs TNPE
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Heat Stress Induces Increased Body Temperature and
Respiration Rates

Respiration rate/min

HS 1 -65 % RR

01 2 3 456 7 8 91011121314
Time, d

Modified from Ruiz et al., 2020



Heat Stress Induces Increased Body Temperature and
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Heat Abatement Strategies

Easy/free - ’

Water- Keep cows hydrated Fresh
) access
Exit of
milking Clean
parlor
\No direct/

sunlight

Practical recommendation:

Provide 1.5 to 2 inches of water tank perimeter per cow, maintaining at least 3 inches of water depth and a water

flow of 3-5 gallons/minute.
UNIVERSITY OF
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Heat Abatement Strategies

Water

Milk yield Water intake Milk yield Water intake

(kg/d) (L/d) (kg/d) (L/d)
0 47.7 0 59 8
18 77.9 18 90.8 When the
27 90.4 27 102.2 | temperature
36 102.9 36 112.0 increases, water

intake increases
45 115.0 45 121.9
as well

54 127.2 54 131.7
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Heat Abatement Strategies

Roofs and shade structures

Barns with galvanized metal or aluminum roofs can help deflect
sun light

2 inches of ridge opening
i for 10 feet of barn width -
Eg minimum 6 inches barns < 30 feet wide

'§

Roof pitch 4:12

|“|| b muil
i

Avoid direct solar

radiation to lower body
temperature and “—F
reSpiration rates Image: Isse Melo - Edited

14 to 16 feet
open side wall helght

LN = Rl - - —
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Heat-Abatement Strategies

Fans- air movement Practical recommendations:

Distance between fans = 24 - 30 feet

Tilt fans 20 - 24 degrees - aim at the stall below the
next fan in line

Air speed should be 3-5 mph during periods of heat
stress in resting area, feeding area, and holding pens

Air velocity

3tu4 Fans 3to4 . . .
=~ u@? s *@jﬁ'“‘.\ Keep it clean and maintain fans before
Water max '.,’
thiovgh O Beds (::”5'3“'5 warm season

/7 ‘ “:”:7 i{ug ‘Feedauey”?i-ﬁl

Typical free stall barn with fans over beds and fans and sprinklers over feedline.
Mot to scale. Information is intended as a guide.
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Heat Abatement Strategies

Evaporative Cooling- Soakers Set soaker system to initiate
at a temperature of 66 to
682F
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Heat Abatement Strategies

Evaporative Cooling- Soakers Soakers in the Feed Bunk:

e Effect on Cows: Cows seek out the cooling
effect of soakers and spend more time
both eating and standing without eating

body temperature

* Positive Impact: Improved feed intake
and milk yield due to the cooling effect
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\QERSIT)

Seasonal milk production in heard with fans or fans and soakers
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Heat Abatement Strategies

Daily Milk Production and Difference
(cooled vs. no cooling)

90

N W
% 70 - /\WW&
o V\/’
3 60
o
= 50
= —=Fans & soakers ===Fans only Difference
% 40
)
T 30
S 20 *10-pound average difference for four months
o
o
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0 T Sl T T T T T T T T
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Harner, Smith, Brouk, and Murphy. 2002. Unpublished field data from Midwestern Dairy. Kansas State Cow Comfort consortium
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Heat Abatement Strategies

Feeding and Ration Formulation Feed schedules

Decrease in feed intake Feed 2x/d

Feed bunk management
Provide palatable feed
High forage quality (more

energy)

Increase frequency of
pushing up feed

Stocking density
Fresh
High production cows

Rumen inert fat
- reduces rumen fermentation
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Heat Abatement Strategies

Feeding and Ration Formulation

Increase in water consumption

Use of Salt Blocks:

* Purpose: Having salt blocks in
the feed bunk allows animals
with lower intakes to regulate
their electrolyte consumption

Loss of minerals/electrolytes like
sodium and potassium through
urination and sweating

Decrease in feed intake

- |ncreasing mineral levels

Solution: Recommendations
Sodium: Adjust levels up to 0.4-0.6% of Dry Matter (DM)
Potassium: Adjust levels up to 1.5-1.6% of DM
Magnesium: Increase to 0.35-0.4% of DM, especially with higher potassium levels due to reduced magnesium absorption
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What is the impact of maternal hyperthermia during late gestation on
offspring performance over generations and lactations, and how does it
affect the profitability of the US dairy industry?

Late gestation dry cow Da ughter

b L\

\°

|

Milk production

15t lactation = 4.8 Ibs/d
lznd lactation = 5 Ibs/d
3rd [actation = 14.3 Ibs/d &' .."r
WL

culled before first calving & L

l productive life (4.9 mo) ‘;'t

CL Group (Cooled)

HT Group (Not Cooled)

HT Group (Not Cooled)

e UNIVERSITY OF
" @56 ANIMAL & AVIAN MARYLAND
S EXTENSION Laporta et al. 2020



What is the impact of maternal hyperthermia during late gestation on
offspring performance over generations and lactations, and how does it
affect the profitability of the US dairy industry?

Daughter

° ' _' h : Milk prot.:luction
Late gestation dry cow %\f W 12::'?::55252,”;33“&’;3

34 Jactation = 6.5 kg/d
-

HT Group (Not Cooled)
. v I culled before first calving
~D
)\ 1 productive life (4.9 mo)
B\

R Granddaughter

" Milk production

) | gt 1t lactation = 2.9 lbs/d
]@P \‘” ?,W‘ l 2" Jactation = 26 lbs/d
» ‘e 3rd Jactation = 10.8 Ibs/d
R |

culled before first calving

S

“a

CL Group (Cooled) 1'

r
@

HT Group (Not Cooled)
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What is the impact of maternal hyperthermia during late gestation on
offspring performance over generations and lactations, and how does it
affect the profitability of the US dairy industry?

Daughter

1st lactation = 2.2 kg/d

%"r’, Milk production Annual Milk LOSS:

2 |Jactation = 2.3 kg/d °
s A 3rd |actation = 6.5 kg/d

HT Group (Not Cooled)
I culled before first calving

l productive life (4.9 mo)

Granddaughter o

10 I’
Milk production

B, 1t lactation = 1.3 kg/d

\“ ?A" l 2"d |actation = 12 kg/d
a - 3 |actation = 4.9 kg/d
‘

t culled before first calving

HT Group (Not Cooled)
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Each cow loses an average of 264
Ibs/y due to in utero heat stress.

In utero heat stress results in
annual losses of S595 million for

the dairy sector.

Laporta et al. 2020



Areas for Cooling Intervention

. Milking center and holding pen, milk parlor and exit lane
. Dry cows

. Maternity pens

. High production lactating group

1
2
3
4. Fresh cow and heifer groups
5
6

. Hospital pen
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What About Cows on Pasture?
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Heat Abatement Strategies on Pasture

B e O 2 T R S e 7 5= - 7
£ i B . % b’ /
SRR

Provide Water

|
[
{

At

Enough space — 2-4 inches perimeter/cow ;‘
Enough volume — 1-2 gal/100 Ib BW/day [
Enough flow — 3-5 gallons/minute
UNIVERSITY OF
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Heat Abatement Strategies on Pasture

Provide Water
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Heat Abatement Strategies on Pasture

i
bk

Provide Water o N e NS

» 4 miles of cross fence + 4.4 miles of cross fence » 3 miles of cross fence

» Even grazing » Uneven grazing » Even grazing

« Manure in alley » Manure in alley » Good manure distribution
« Low labour costs « Low labour costs « Increased capital costs

Water Truck Method Portable Strip Grazing

m
L i
L] L] L]
P rOX I m I tv t O g ra Z I n g * + 3 miles of cross fence +15 miles of cross fence + 4.8 miles of cross fence
. « Even grazing = Two portable fences - Uneven grazing
« Excellent manure distribution « Variable utilization - Fair & variable manure distribution

. . « Increased capital & labour costs « Increased labour costs * Low labour costs
< 8 O 0 ft to W a t e r I S I d e a I « Increased herd effect « Flexibility of paddock size

« Low capital costs

Adapted from West-Central Forage Association
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Heat Abatement Strategies on Pasture

Provide Shade

e Cattle will naturally seek shade sources and will spend time seeking shade vs. resting or eating
* Can lead to bunching — makes heat stress worse
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Heat Abatement Strategi n Pasture

Provide Shade

Options for shade:
* Trees

* Wooded edges
 3-sided shelter
 No-sided shelter
 Shade cloth
Silvopasture

SUr"e DEPARTMENT OF Ay
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Effective Heat Stress

Take Home Messages st

Heat Stress Abatement Proper cooling methods
Strategies: Attention to all animals

Achievable through careful planning and proactive measures

Benefits of Heat Stress Ensures cows receive adequate nutrition despite heat stress
Management: Enhancing milk production, health and reproduction

Positive Impact on

Productivity: Effective heat stress management leads to higher milk yield

Well-being of the Herd: Promotes herd health and contributes to the well-being of the entire herd

su;tf;?i::si'lti‘t’y?"d Ensures a sustainable and profitable dairy farm environment long term

& Wwater- keep cows hydrated

? Shade — offer shade options

_>E Fans — provide air movement

@, SIMALE S MARYLAND ‘ Soakers — provide evaporative cooling
4«:,1;;“1@(’ SCIENCES EXTENSION



Thank You!

Dr. Fabiana Cardoso
Dairy Extension Specialist
cardosof@umd.edu

ATFMIAEra e

Dr. Amanda Grev
) Forage Extension Specialist
J A agrev@umd.edu

.......
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