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Production



1. Farmer-to-Farmer Exchange

2. Registered Apprenticeships

3. Farmer-Driven Research



Globally, meat production has a HUGE environmental impact

Greenhouse Gas 
Emissions

Bil. tons CO2-eq per year

Nitrogen 
Pollution

Mil. tons N per year

Biomass Harvest 
Bil. tons Carbon per year

From Pelletier and Tydemers, 2010 Proc. Nat’l Academy of Sciences



1. Land and Feed Efficiency Benchmarks for Pastured Meats

Read the full report at www.pasafarming.org



Gross Meat Yield

Adj. Meat Yield

Example calculation for meat production on a beef farm with calves and stockers.



BEEF CATTLE

Benchmark your farm @ www.pasafarming.org!



PIGS

Benchmark your farm @ www.pasafarming.org!



BROILERS

Benchmark your farm @ www.pasafarming.org!



Land Use Efficiency:
Perennial, Annual, & Total



Feeding Pennsylvania with Pastured Livestock?



2. Environmental Footprints of Pasture-Based Dairies

Rotz et al. 2020. Agricultural Systems



 

Farm characteristic All grass farms Grass with grain farms Average Average 

  1 2 3 4 1 2 3 4 
All-grass Grass with 

grain 

Total fam area, ha 85.0 179.3 146.9 121.4 60.7 250.9 106.8 40.5 133.1 114.7 

Grass area, ha 85.0 149.7 132.3 121.4 40.5 202.4 106.8 40.5 122.1 97.5 

Stand life, years 100 10 100 15 10 100 100 100 56 78 

Legume portion in sward, % 25 30 20 25 30 30 10 40 25 28 

Other crop area, ha 0.0 29.5 14.6 0.0 20.2 48.6 0.0 0.0 11.0 17.2 

Number of cows 85 80 133 85 95 240 43 26 96 101 

Number of heifers 45 29 44 60 45 200 31 18 45 74 

Heifers/cow 0.53 0.36 0.33 0.71 0.47 0.83 0.72 0.69 0.48 0.68 

Replacement rate, % 8 12 12 24 35 33 24 10 14 26 

Annual milk production, kg FPCM/cow 3039 4396 4237 2931 6785 5988 5112 6312 3651 6049* 

Milk fat content, % 4.2 4.5 4.4 4.5 4.1 4.1 3.8 4.2 4.4 4.1* 

Land use, ha/animal 0.65 1.64 0.83 0.84 0.43 0.57 1.44 0.92 0.99 0.84 

Land use, ha/cow 1.00 2.24 1.10 1.43 0.64 1.05 2.48 1.56 1.44 1.43 

Milk price, $/kg 0.77 0.78 0.82 1.06 0.55 0.66 0.75 0.55 0.86 0.61* 

Grazed forage consumed, t DM 306 181 438 187 229 445 62 100 278 209 

Forage bought (sold), t DM 0 0 38 (12) 0 0 (19) (40) 5 (16) 

Concentrate fed, t DM 3 3 5 3 194 415 62 39 3 178* 

Feed consumed, kg DM/animal/day 9.7 11.5 12.5 9.7 12.4 11.2 10.4 12.4 10.8 11.6 

Feed consumed, kg DM/cow/day 14.8 15.7 16.7 16.5 18.2 20.6 18.0 20.9 15.9 19.4* 

Herd feed efficiency, kg FPCM/kg DM 0.56 0.77 0.70 0.49 1.02 0.80 0.78 0.83 0.60 0.86* 



 Production system All 

Pennsylvania 

farms* 
  

All 

grass 

Grass with 

grain 

Confined 

fed TMR 

Ammonia volatilized, kg/ha 51.0 43.7 62.4 33.8 

Ammonia volatilized, g N/kg FPCM 17.6 9.6 9.6 6.3 

Nitrate leached, kg/ha 23.0 21.3 33.9 15.6 

Nitrate leached, g N/kg FPCM 7.9 4.7 5.2 2.9 

Denitrified N, kg/ha 13.0 12.0 15.9 11.1 

Denitrified N, g N/kg FPCM 4.5 2.6 2.4 2.1 

Runoff N, kg/ha 1.2 0.7 2.2 0.7 

Runoff N, mg N/kg FPCM 425 148 331 124 

Runoff P, kg/ha 0.67 0.56 1.47 0.43 

Runoff P, mg P/FPCM 232 161 268 128 

Soil P accumulation, kg P/ha 5.5 9.1 1.5 3.7 

Soil P accumulation, g P/FPCM 1.9 2.0 0.2 0.7 

Blue water use, Mg/ha 46.5 58.9 86.9 75.5 

Blue water use, kg/kg FPCM 16.0 13.0 13.3 14.0 

Energy use, GJ/ha 5.81 11.8 16.9 14.5 

Energy use, MJ/kg FPCM 2.00 2.60 2.58 2.69 

Reactive N footprint, g N/ha 65.7 61.7 82.8 45.4 

Reactive N footprint, g N/kg FPCM 2.54 1.53 1.42 0.94 

Carbon footprint, Mg CO2e/ha 4.24 5.21 8.36 5.34 

Carbon footprint, kg CO2e/kg FPCM 1.46 1.15 1.28 0.99 

Milk price, $/kg 0.81 0.61 0.40 0.40 

Production cost, $/ha 1478 2523 2303 1678 

Production cost, $/kg FPCM 0.51 0.56 0.35 0.31 

Net return to management & labor, $/ha 855 324 670 529 

Net return to management & labor, $/kg FPCM 0.29 0.07 0.10 0.10 
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Annual Milk, kg FPCM/cow 3879          6056          8725





Which Organism is more Energy Efficient?

House Mouse
(Mus musculus) 

Elephant 
(Loxodonta spp.)

OR

Expanded from Giampietro and Mayumi, 2010.
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Cellular

Mouse: 3W*kg-1

Elep: 0.5W*kg-1

Expanded from Giampietro and Mayumi, 2010.
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Cellular Individual

Mouse: 3W*kg-1 (0.02kg*Ind-1)*(3W*kg-1)
=

0.06W*Ind-1

Elep: 0.5W*kg-1 (4000kg*Ind-1)*(0.5W*kg-1)
=

2000W*Ind-1

Expanded from Giampietro and Mayumi, 2010.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=fhNC8HPvItZs2M&tbnid=XztqcJEYPvebpM:&ved=0CAUQjRw&url=http://www.peta.org/issues/wildlife/house-mice.aspx&ei=66h6Uv6LGsbSkQeUlIDgCw&bvm=bv.55980276,d.cWc&psig=AFQjCNG4csGNxxXUcUUOoZD7fR34Bm3hBA&ust=1383856691396375
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=lNB8ApVAUw4vnM&tbnid=YAMv-Mkyclf1nM:&ved=0CAUQjRw&url=http://bioweb.wku.edu/courses/BIOL115/Wyatt/Metabolism/Glycolysis2.htm&ei=k6p6UrKrNMXskQedp4H4Cw&psig=AFQjCNGtDgVqYErx9klOma-vZAMuoeJrKQ&ust=1383857145259856
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=gCdiDu5TTLRBzM&tbnid=2By9wp1kSu6zVM:&ved=0CAUQjRw&url=http://sleepout.com/nomad/top-10-national-parks-in-africa/&ei=MK56Up_KCe_dsATw5oII&bvm=bv.55980276,d.cWc&psig=AFQjCNGmMtPPWKwdM_peVpzU-pnIAB0mXQ&ust=1383857948494335


Cellular Individual Population

Mouse: 3W*kg-1 (0.02kg*Ind-1)*(3W*kg-1)
=

0.06W*Ind-1

(10,000 Ind*km-2)*(0.06W*Ind-1)
=

600W*km-2

Elep: 0.5W*kg-1 (4000kg*Ind-1)*(0.5W*kg-1)
=

2000W*Ind-1

(6 Ind*km-2)*(2,000W*Ind-1)
=

12,000W*km-2

Expanded from Giampietro and Mayumi, 2010.
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Cellular Individual Population Species

Mouse: 3W*kg-1 (0.02kg*Ind-1)*(3W*kg-1)
=

0.06W*Ind-1

(10,000 Ind*km-2)*(0.06W*Ind-1)
=

600W*km-2

(40 mil. km2*Sp.-1)*(600W*km-2)
=

24 GW*Sp.-1

Elep: 0.5W*kg-1 (4000kg*Ind-1)*(0.5W*kg-1)
=

2000W*Ind-1

(6 Ind*km-2)*(2,000W*Ind-1)
=

12,000W*km-2

(0.1 mil. km2*Sp.-1)*(12,000W*km-2)
=

1.2 GW*Sp.-1

Expanded from Giampietro and Mayumi, 2010.
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Cellular Individual Population Species

Mouse: 3W*kg-1 (0.02kg*Ind-1)*(3W*kg-1)
=

0.06W*Ind-1

(10,000 Ind*km-2)*(0.06W*Ind-1)
=

600W*km-2

(40 mil. km2*Sp.-1)*(600W*km-2)
=

24 GW*Sp.-1

Elep: 0.5W*kg-1 (4000kg*Ind-1)*(0.5W*kg-1)
=

2000W*Ind-1

(6 Ind*km-2)*(2,000W*Ind-1)
=

12,000W*km-2

(0.1 mil. km2*Sp.-1)*(12,000W*km-2)
=

1.2 GW*Sp.-1

Expanded from Giampietro and Mayumi, 2010.
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Two Points:

1.) Resource Efficiency is a scale-dependent question.

2.) An increase in efficiency at one scale often leads to 
greater total resource use at a larger scale.



•More efficient at the scale of 
individual farms.
•Remove a key constraint at the local 
scale (import grain and forages).
•Greater global land and resource 
use?

•Less efficient at the scale of 
individual farms.
•Retain a constraint at the local scale 
(available grazing land).
•Less global land and resource use?

Are Confinement Dairies more Land Efficient than Pasture-Based Dairies?
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Constrain production/consumption by:
• Grazing on lands unsuitable for arable crops
• Forages needed for soil building rotations
• Wastes and biproducts



Default Meat Consumption

Constrain production/consumption by:
• Grazing on lands unsuitable for arable crops
• Forages needed for soil building rotations
• Wastes and biproducts

~ 7-36% of current U.S. animal protein consumption*

Van Zenten et al. 2018



Key Take-A-Ways:

1. Most pastured-livestock farmers can probably substantially 
improve their efficiency (and profitability).

2. For pastured-dairy, environmental impacts per acre are typically 
lower, but environmental impacts per unit milk may be higher.

3. ”Scaling up” pastured livestock means less meat overall but much 
lower environmental impacts.

THANKS!
franklin@pasafarming.org

814-349-9856, ext. 707

mailto:franklin@pasafarming.org


Upcoming webinars 
October 7: Scaling Up Pastured Poultry Production

October 26: Designing Silvopasture Plantings (Part 1)

November 2: Why Trees Die in Silvopasture (Part 2)

November 9: Silvopasture Decision Making (Part 3)

Grants, Scholarships, Mentorship & More!

Fund-a-Farmer Grants – application in early October

Mentorship program – application in November

Scholarships - ongoing

Customized handouts on pastured-raised food available 

Sign up for emails @ foodanimalconcernstrust.org/farmer/

Join us on social media

Connect with 

https://foodanimalconcernstrust.org/webinars/

