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Agriculture and 
the Environment

• All agriculture has an impact on 
the environment

• Cultivating the land will alter 
immediate and surrounding 
ecosystem

• The goal is to understand and 
manage the impact and 
resources in sustainable ways



What are the potential
environmental impacts of dairy 
production?

Climate

•Global Warming Potential

Water Quality

•Freshwater and Marine Eutrophication

•Groundwater Contamination

Air Quality

•Odors

•Particulate Matter

•Ammonia

Soil Health

•Soil Carbon

•Microbiome

Non-Renewable Resource Use

•Fossil Fuels

•Minerals

•Metals

Biodiversity

•Insects

•Birds

•Rodents
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Sustainable Production is more than the 
environment…

Agriculture that…

• Continues to provide 
sufficient quantity and quality 
of food and fiber

• Preserves and enhances 
conservation of natural 
resources

• Efficiently uses non-
renewable resources

• Maintains economic viability 
of farmers

• Enhances the quality of life in 
rural societies
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Emissions?
Runoff?
Leaching?
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Two Approaches

Inventory

Objectives:

• Establish baseline

• Track Progress

• Set Goals

Features:

• Static, retrospective

• Longer Intervals

• Large Spatial Scales

Decision 
Support

Objectives:

• Predict Current & 
Future Outcomes

• Inform Decisions

Features:

• Static or dynamic

• Smaller scale (farm, 
field, animal)



Most impact estimates 
you hear about are from 
Inventories
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Climate Change

+ 

Animal Ag 

News



Intergovernmental
Panel on 
Climate
Change

6 th  Assessment

April 2022

Tota l  net  anthropogenic  GHG 

emiss ions  have cont inued to  

r i se  dur ing the  per i od 2010–2019,  

as  have  cumula t ive  ne t  CO2 

emiss ions  s ince  1850. . .  bu t  the  

rate  of  growth between 2010 and  

2019 was lower  than that  

be tween 2000 and  2009

https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/

https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/


Inventories 
Establish 

Long Term 
Trends

Shared by Dr. Place Elanco



Production
Emissions 
Intensity

FAO Stats: fao.org/faostat/

Inventories can highlight important 
relationships that hold true at large scales

fao.org/faostat


Knowledge gained 
from inventories 
will depend on 
the scale…

Agriculture  
responsible for 
~11% of 
US emissions

EPA, 2021 https://www.epa.gov/ghgemissions/overview-greenhouse-gases

https://www.epa.gov/ghgemissions/overview-greenhouse-gases


… and how total 
emissions are 
partitioned/ 
reported

EPA, 2021 https://www.epa.gov/ghgemissions/overview-greenhouse-gases

https://www.epa.gov/ghgemissions/overview-greenhouse-gases


Methodology Matters

• Must be reproducible to enable 
comparisons over time

• As data availability improves so can the 
inventories

Capper and Cady: doi:10.1093/jas/skz291

https://academic.oup.com/jas/article/98/1/skz291/5581976


Methodology 
Depends on 
Objectives

Rotz et al. (2021): https://doi.org/10.1016/j.jclepro.2021.128153 

https://doi.org/10.1016/j.jclepro.2021.128153


Farm level 
insights are 
possible

Rotz et al. (2021): https://doi.org/10.1016/j.jclepro.2021.128153 

43% of 1.0 kg Total GHG Intensity 
=

430 g Enteric Methane Intensity

https://doi.org/10.1016/j.jclepro.2021.128153


IFSM can also provide more 
detailed estimates to compare 
management strategies

Veltman et al Ag. Syst. 2018: 

https://doi.org/10.1016/j.agsy.2018.07.005

This is an example from a representative 
farm in NY (they haven’t released a similar 
study for the SE yet)

Compares a Baseline farm with other BMPs
• Feed efficiency
• Double Cropping
• No till
• Anaerobic Digestion

https://doi.org/10.1016/j.agsy.2018.07.005


Why do we need 
Decision Support 
Models?



YOU ARE HERE

GOAL!

Inventories



YOU ARE HERE

GOAL

Decision Support Tools



Created with BioRender.com



YOU ARE HERE

GOAL

Decision Support Tools

IFSM



In 2009, National Dairy Farmers Assuring 
Responsible Management (FARM)™ Program 
was created by the dairy industry, through 

National Milk Producers Federation with 
support from Dairy Management, Inc.

HISTORY

Through the Innovation Center, 
the dairy community has aligned 

behind FARM as the industry-wide 
on-farm social responsibility program.



PROGRAM AREAS



Status

• 2,600+ FARM ES assessments completed since 2017

• 41 participating co-ops and proprietary processors 

representing 80% of milk supply

• Trained, 2nd party evaluators

• Resources for implementation and continuous improvement

FARM Environmental Stewardship

Quantifies a dairy farm’s GHG + energy use footprints and 

asks about the use of nutrient management plans



Data Inputs Results

FARM ES Evaluation

On-Site Energy Use

Footprint (lb CO2e / lb FPCM) 
broken down by category

On-Site Enteric

On-Site Manure Feed Production



YOU ARE HERE

GOAL!

The FARM-ES program currently provides an inventory

It provides a static, snapshot of the previous year’s footprint from an individual farm and the dairy sector



PURE SURVEY

This leads us to RuFaS…



PURE SURVEY

Founders Key Stakeholders



How can we 
use this model 
for decision 
support?



Nutrition impacts on 
environmental 
outcomes

How does forage quality impact manure and emissions 
outcomes?

GENERAL HERD CHARACTERISTICS

Breed Holstein

Herd Size 1000

TMR Diet
Corn Silage, 

Alfalfa Haylage, 
SBM, Corn Grain

Mature Body Weight 
(lbs/kg)

1,630 / 740

Parity Average 305 MY

First
20,935 lbs
(9,516 kg)

Second
24,476 lbs
(11,125 kg)

Third+
25,481 lbs
(11,582 kg)



Forage Quality Comparison

Corn Silage Alfalfa Haylage

Scenario DM NDF DE Starch DM NDF CP

Baseline 35.1 45 2.84 32.87 43.3 47 18.3

+Forage 34.6 38 2.99 38.18 37.5 45.6 19.0

+Forage / IPCC 34.6 38 2.99 38.18 37.5 45.6 19.0



Some neat 
results…

Daily outputs of animal numbers



Some neat 
results…

Animal Intake



Some neat 
results…

Herd Manure



Milk Production 
& Intake

• Achieved increased milk 
production response to 
forage quality

• Reduced total intake



Feed Efficiency



Intake and Excretion



Methane 
Intensity and 
Total Methane

• Baseline scenario is close to 
US National average enteric 
methane intensity around 
430 g CO2-eq/kg ECM

• Improved forage quality 
reduces intensity and total 
emissions

• Essential to have enteric 
emissions equations that are 
sensitive to diet composition



Methane 
Intensity and 
Total Methane

• Baseline scenario is close to 
US National average enteric 
methane intensity around 
430 g CO2-eq/kg ECM

• Improved forage quality 
reduces intensity and total 
emissions

• Essential to have enteric 
emissions equations that are 
sensitive to diet composition

Same as taking 25 gas-powered 
cars off the road!

- ~5000 kg CH4 Emissions
- 120 Metric Tons CO2-Eq



Methane 
Intensity and 
Total Methane

• Baseline scenario is close to 
US National average enteric 
methane intensity around 
430 g CO2-eq/kg ECM

• Improved forage quality 
reduces intensity and total 
emissions

• Essential to have enteric 
emissions equations that are 
sensitive to diet composition

- ~5000 kg CH4 Emissions
- 120 Metric Tons CO2-EqOr the amount of carbon 

sequestered by planting over 
2,000 tree seedlings and growing 
them for 10 years!



RuFaS, a process-based model, as
new “engine” in Version 3 (2024)

Account for physical, chemical, 

and biologic cycles

Provide ability to extrapolate 

beyond known conditions (“what-

if” scenario analysis)

Generate environmental and 

economic analysis of multiple 

management scenarios

FARM ES, as it’s built today, cannot complete these more complicated calculations

Slide courtesy of Kaitlyn Briggs (DMI) and Nicole Ayache, NMPF



PURE SURVEY

Vision of Success

Planning

Identify management 

practices that will generate 

progress towards your 

sustainability goals

Impacts

Achieve industry-wide 

progress towards sustainable 

dairy production

Footprinting

Calculate baseline estimates 

of current farm outputs and  

environmental

outcomes

Implementation

Implement management 

plan, track progress, strive for 

continuous improvement



NIFA AWARD # 2020-68014-31466 



Thanks for listening! 
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RuFaS.org
rufascornell@gmail.com
kfr3@cornell.edu

mailto:rufascornell.@gmail.com
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