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 Learn the production practices used in each region through 
National Agricultural Statistic Service (NASS) data, survey data, 
interviews, farm visits and other information sources

 Model 20 representative operations in each region of various 
types and sizes using weather and soil data for the location

 Assess the environmental impacts of each                                               
farm including a cradle to farm gate                                                           
life cycle assessment
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 From NASS data, milk production was determined for each state of 
each region

 State level impacts were determined as the sum of the “footprints” for 
each farm times the portion of the milk produced by that farm type

 Regional and national totals were determined as the total of state 
impacts times the milk produced in each state
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 Methane

 Nitrous oxide

 Carbon dioxide

 Non-methane VOC emissions

 Ammonia

 Nitrate leaching 

 Nitrogen runoff

 Soluble P runoff

 Sediment P runoff

Upstream
resource production

Indirect 
off-farm transformation

 Greenhouse gas (CH4, N2O, CO2) emissions

 Fossil energy use

 Blue (non-precipitation) water use

 Reactive nitrogen (NH3, NO3, N2O, NOx) losses
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Ammonia emission

Nitrate leaching & runoff

Nit/denitrification

Combustion NOx

Resource production

20 ± 2.8 lb N / ton FPCM
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700,000 ± 140,000 ton N
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19 to 24% of national inventory
5 to 76% of regional inventories

Dairy farms have a relatively small impact on national inventories of 
greenhouse gas emission, fossil energy use, and water consumption; 
ammonia emission may be of greater concern to long-term sustainability
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Increased milk production efficiency

21% fewer cows

97% more milk

Greater crop yields

Improved fuel efficiency of machinery

Reduced tillage

Use of cover crops

More efficient production of fertilizer, electricity, etc.

1971

2020

 Milk production

 Milk yield per cow

 Cow numbers

 Primary dairy counties

 Farm size distribution

 Primary crops grown in the dairy counties

 Crop yields

 Animal mortality and replacement rates

 Weather and soils information for the predominate dairy counties
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 Housing facilities used

 Associated manure handling practices

 Percentage of non-Holstein cattle used

 Grazing practices

 Common tillage practices

 Feed crops commonly grown on farms

 Inorganic fertilizer and lime use

 Irrigation use (type and amount)
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Numbers are billion pounds of milk 
produced in 1971 (blue) and 2020 (red) 

NationalWestern 
regions

Eastern 
regions

-21103-49Cows
138121139Milk yield
149132150FPCM yield
9737227FPCM

3133-32Forage consumed
49293-9Concentrate feed
14185-25Total feed consumed
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NationalWestern 
regions

Eastern 
regions

-21103-49Cows
138121139Milk yield
149132150FPCM yield
9737227FPCM

-3133-32Forage consumed
50293-9Concentrate feed
14187-25Total feed consumed
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Animal

Manure

Cropland

Indirect N2O

Anthropogenic CO2

Resource production

1.7 lb CO2e / lb FPCM
Regions: 1.6 to 2.0

Production systems: 1.3 to 2.3

Intensity: 1.7 lb CO2e/lb milk (FPCM)

Total: 97 million tons CO2e
Intensity: 1.0 lb CO2e/lb milk (FPCM)

Total: 110 million tons CO2e
Intensity: 42% reduction

Total: 14% increase
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0.7 kWh / lb FPCM
Regions: 0.6 to 0.8

Production systems: 0.3 to 1.1

65%

28%

1%
1% 3%

2%

Resource production

Feed production

Animal feeding

Manure handling

Milking and milk cooling

Animal housing

Intensity: 0.7 kWh / lb FPCM

Total: 81 billion kWh
Intensity: 0.3 kWh / lb FPCM

Total: 74 billion kWh

Intensity: 54% reduction

Total:  8% reduction

1970

2020

95%

4% 0% 1%

Feed production

Drinking

Animal cooling

Parlor cleaning

13.5 gallons / lb FPCM
Regions: 4 to 69

Production systems: 3 to 96
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Intensity: 13.5 gallons H2O/lb FPCM

Total: 1.5 trillion gallons water
Intensity: 9.5 gallons H2O/lb FPCM

Total: 2.1 trillion gallons water

Intensity: 29% reduction

Total: 40% increase

1970

2020
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NationalWestern 
regions

Eastern 
regions

333232Methane
516255Nitrous oxide
555052Anthropogenic CO2

354341Ammonia 
697958Leached N 
636359Runoff N
22521Non-methane VOC
645958Soluble P runoff
756870Sediment P runoff
868884Surplus P

NationalWestern 
regions

Eastern 
regions

-32-22013Methane
3-7842Nitrous oxide
11-13639Anthropogenic CO2

-29-17124Ammonia 
39247Leached N 
27-7347Runoff N
-53-125-26Non-methane VOC
28-9547Soluble P runoff
51-5362Sediment P runoff
724279Surplus P

 The intensities of all environmental impacts have decreased substantially 
over the past 50 years

 For many environmental impacts, totals over all dairy farms have 
decreased

 Total use/emissions have increased for:

Water (40%)

Methane (31%)

Ammonia (27%)

Non-methane VOC (50%)
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Pasture Systems and Watershed 
Management Research Unit

University Park, Pennsylvania

Agricultural Research Service
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