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30% drop in greenhouse gas emissions from agriculture



The Census of Agriculture is a thorough and professionally-
managed survey that reaches a high percentage of farmers 
in the U.S. It is rigorously evaluated for each result by USDA 
National Agricultural Statistics Services staff. However, not 
every farmer fills out every question, and answers to certain 
questions may depend on farmers’ interpretation of the 
question and recollection of the practices they used. In the 
case of the question on no-till, what one farmer considers 
no-till may have a different meaning for another farmer, 
and likewise with the term cover crops. Also, where cover 
crops are grazed, farmers may have reported that acreage 
elsewhere in the survey, possibly where questions were 
asked about grazing. Particular challenges arise in trying to 
determine which practices may have been used together, 
such as where no-till was used with cover crops, or how 
cover crops fit into overall cropping systems.
Soil Health Institute 2017



Farm Credit East 2015
https://www.farmcrediteast.com/search?Keyword=econ
omic+engine

NASS data 2017  $667 million in direct sales Farm Credit Processing sector $ 1,625 million
Total Direct sales $2,374 million



Most Maine farms are small
– in size and sales

NASS data 2017

6,049 Farms had sales less than $25,000



Summary of Maine’s Land cover (USDA –NASS 2018 cropland data layer

NASS data 2017. 1.3 million acres in farmland (majority is forested)

Hay/non-alfalfa

Grass Pasture



Maine Farmland 2012-2017 census

• Farmland has declined, but “cropland” has remained relatively stable
0.7% decline in reported cropland operations
1% decline in reported cropland acreage
• Most Maine “farmland” is forested
• Reported “pastureland” declined 19.5%



Conservation Practices are increasing!

• No-till operations increased 67%
• No-till acres increased 119%
• Conservation tillage operations increased 51%
• Conservation tillage acres increased 68%
• Cover Crop operations increased 25%
• Cover Crop acres increased 89%

NASS 2012-2017



Maine Agriculture’s Climate 
Change Mitigation Potential

Dr. Adam Daigneault
Assistant Professor of Forest, Conservation and Recreation Policy

School of Forest Resources
University of Maine



Globally, land use land use change and forestry (LULUCF) or Natural Climate 
Solutions (NCS) are expected to contribute to at least 20% of the Paris 
Agreement’s aggregate reduction target

Griscom et al (2017)Forsell et al (2016)



US Natural Climate Solutions Research

Source: Fargione et al (2018)



Source: US Mid-Century Strategy for Deep Decarbonization (2016)

Role of U.S. 
Lands in Climate 

Mitigation



How do we estimate GHG mitigation?
1. Define ‘baseline’ or ‘business as usual’ pathway
2. Establish list of acceptable or appropriate mitigation practices

- Debate about what mitigation should be included
- Measurement, monitoring, verification
- Permanence, additionality, leakage

3. Estimate ‘cost’ and ‘effectiveness’ of implementing practices
- Typically done using a suite of models and assumptions
- Mix of economic and biophysical modelling
- Attempts to be empirically based, but can be complex due to nature of the 

sector
- Can also identify additional non-financial barriers of adoption



Example – Conversion to No Till in Maine

Baseline intensive 
till Area:

99,167 ac

Converted to 
no-till Area:
99,167 ac 

Mean GHG change 
from conversion:

- 0.45 tCO2e/ac/yr
X =

Total GHG reduction from 
conversion to no-till:
44,625 tCO2e/ac/yr

Technical/Physical Potential

Economic Cost
Converted to 
no-till Area:
99,167 ac 

Mean net revenue 
change from conversion:

- $20/ac/yr
X =

Mean cost per ton GHG 
mitigated:

$44.44/tCO2e
÷

Total GHG reduction from 
conversion to no-till:
44,625 tCO2e/ac/yr

Other Barriers to Adoption?

Perceived 
Risk

Technical 
Knowledge

Farm System 
Compatibility



US Ag + Forest 
Mitigation 
Potential

Source: Fargione et al (2018)



What about Maine?

• To date, most studies are global and 
national-scale

• State-level estimates often reliant on 
assumptions more applicable 
elsewhere

• Practices covered often typical of 
more conventional agricultural 
systems

• Specific implementation barriers?



Maine’s Natural Climate Solutions Initiative Project: 
State-Specific Practices

1. Assess current practices to determine 
degree to which farmers are using NCS.

2. Determine the most cost-effective NCS for 
Maine’s farmers.

3. Understand key barriers of adopting NCS.

4. Generate information about which 
practices can be implemented on a 
broader scale. 



Practices to Consider
• Reduced and no-till cropping
• Cover cropping
• Manure management
• Biochar amendments
• Crop and grassland conservation
• Riparian management
• Agroforestry



Maine NCS Project Timeline

• Jan-April 2020: 
• Draft baseline practices and GHGs 
• Draft mitigation practices and potential
• Farmer focus groups – barriers and opportunities

• May-July  2020: 
• Updated baseline, mitigation practices, and potential
• Updated cost and benefits of mitigation
• Draft scenarios of future ag sector pathways

• August-December 2020:
• Further refinements and dissemination of above
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Avoided Forest Conversion

Reforestation

Cover Crops

Avoided Grassland Conversion

Cropland Nutrient Management

Alley Cropping

Grassland Restoration

Urban Reforestation

Improved Manure Management

Maine NCS Mitigation Potential (MtCO2e/yr)

$10/tCO2e

$50/tCO2e

$100/tCO2e

Maine Mitigation Potential (?)

Total Emissions: ~19 MtCO2e/yr
Agricultural GHG emissions: ~0.4 MtCO2e/yr

Forest Mitigation Potential: ~3 MtCO2e/yr
Agricultural Mitigation Potential: ~0.25 MtCO2e/yr

Maine GHG Emissions (MtCO2e/yr)

Source: Fargione et al (2018) Source: Maine DEP (2020)



How do management decisions impact…

• Greenhouse gas (GHG) emissions?
• Farmer livelihoods (yield)?

Searching for Climate-Smart 
Agricultural Solutions in the NE US



Impacts of Increasing Precipitation
Delayed planting
NPS pollution issues from 
barnyards

23

Soil Compaction
Increased Manure storage 
requirements
Increase in mycotoxins in 
feed

Loss of nutrients
Flooding and 
subsequent feed 
contamination

Photos: left, Richard Kersbergen; right, Carl Majewski



Adaptation Strategies
The Climate Adaptation Fellowship is a 
curriculum designed to give farmers, 
foresters, and advisors the information 
they need to adapt to climate change, 
bring climate change into their outreach 
programs, and talk about climate change 
with peers and colleagues.

4 modules

Vegetable and small fruit
Dairy
Tree Fruit
Forestry

https://www.adaptationfellows.net/

https://www.adaptationfellows.net/
https://www.adaptationfellows.net/


Farmers are responding…But how? 
Farmer Responses to Changing Climate (survey results)
• 23 Climate change BMPs, including

• Hoop houses
• Cover crops
• No-Till
• Conservation tillage
• Manure management
• Irrigation
• Buffer strips
• Tile drainage
• Rotational grazing
• Insurance

Schattman et al. 2014 Advances in Agroecology Series

Many of these responses potentially addressed through 
technical assistance and EQIP funding from NRCS 



How do management decisions impact 
GHG emissions?
How do they impact crops?

Tillage – No till

Manure management

Conventional No Till

Injection



Grazing and climate change issues….

•Converting annual cropland to perennial 
forage decreases GHG emissions by 
sequestering more carbon

•Perennial forages sequester carbon than 
annual forages and grasses sequester more 
carbon than legumes

•Cows in confinement have lower 
methane emissions than grazing 
animals

•Comparisons of grazing systems to confinement systems in 
greenhouse gas production are difficult due to variability in 
pastures and management.  

(see JDS 94: 1941-1951 2011 O’Neil et al)
Remsberg photo USDA



Managed pastures 
(Managed intensive 
grazing or MIG) results 
in lower total net GHG 
emissions than 
unmanaged pastures 

Remsberg photo USDA



•Estimating Carbon sequestration potential of 
grazing management is difficult due to 
diversity of plant communities, soils, 
landscapes and management

•While cows feeding on high forage diets produce 
more methane than grain based diets, feeding a 
higher quality forage reduces methane production

Remsberg photo USDA

Can we manipulate 
diets to reduce 
enteric emissions?



 Our data from 30 farm participants…
--average savings of 5.7 gallons fuel/acre
--2.75 hours of labor/acre
--improved perennial forage management 

opportunity
--cumulative savings of about  $50/acre 

average

Tillage Management with a 
Changing Climate https://projects.sare.org/sare_projec

t/lne09-287/
Reducing fuel and fertilizer costs for 
corn silage in the Northeast with 
cover crops and no-till

https://projects.sare.org/sare_project/lne09-287/


Liquid manure systems and GHG emissions

Nitrous Oxide from 
anaerobic manure 
lagoons



Anaerobic digesters

Benefits:

--reduced methane 
emissions

--recycled bedding 

--green energy

--Food waste 
opportunities

Challenges:

--cost for construction

--scale for feasibility

--management for 
additional farm 
enterprise



Alternatives to Anaerobic digestion—manure separation

Photo: Edwin Remsburg

Agriculture, Ecosystems & Environment
Volume 112, Issues 2–3, February 2006, Pages 153-162



• 51,300 acres per year in Maine in 2019
- 91% in Aroostook County
- 1:1 rotation with small grains or  sod cover 

crop
• Challenging crop for Soil Health

- Returns little residue
- Involves lots of tillage
- Rotations typically short

• Susceptible to weather variability

Potato



Potato Ecosystems Project
Presque Isle, ME
1991-2008



Average yield of both treatments (cwt/acre)
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Mallory and Porter, 2007

“Risk Management Tool”



Mulching after potato harvest (Dan Corey)



Crop/Livestock Integration
LIVESTOCK
Increased land base
Local feed source

manure

feedCROP
Nutrient source
Longer rotation
Improved soil quality



Dormans
6th generation potato farm
Produce ~90,000 cwt/year
Started sharing land 1:1 with Foglers

+ Rotation crop (corn)
+ Manure amendments

Foglers
7th generation dairy farm
100 cows in ‘85; 500 ’03; >1000 today
Needed more land



Changes
• Foglers adopted no-till and cover cropping
• Dormans grow fewer potatoes – 250 acres

- 160 acres follow 2 yrs of NT corn (1:3 rotation)
- 60 ac follow 3 yrs alfalfa (1:4 rotation)
- 30 ac follow 3 yrs of NT corn (1:4 rotation)

Challenges in 2003
• Foglers needed to increase herd numbers
• Dormans finding potatoes not “penciling out”

Result
• Potato yields about 25% higher today.
• Dormans sell same volume of potatoes with fewer acres.



Potential Strategies to Increase Carbon 
Sequestration in Potato Systems
- Amendments - manure, compost, biochar?
- Reduced tillage
- Animal integration
- Cover cropping
- New crop options



State Models for Addressing Climate Change and 
Agriculture

Ellen Stern Griswold
Policy and Research Director

February 14, 2020



Types of State Models

• Establishment of Healthy Soils Programs

• Soil Health Assessments

• Financial Incentives
• Competitive Grant Programs
• Practice-Specific Incentives
• Crop Insurance Discounts
• Ecosystem Services Payments/Markets

• Farmer Outreach/Education/Technical Assistance

• Research and Demonstration

• Farmland Protection

• Development of Local and Regional Food Economy/Food Security



Healthy Soils Programs

• Often includes one or more of these components: 
• Definition and Assessment
• Financial Incentives
• Farmer Outreach/Education/Technical Assistance
• Research/Demonstration

• Established Programs: CA, MD, NM, NE (task force to develop 
program)

• Related Recent/Pending Legislation: CT, FL, IA, MA, NH, NY, 
VT, WA

• Some states have passed legislation promoting just some of 
the components 



Soil Health Assessments/Plans

• As part of Healthy Soils Program

• Separate legislation
• Ex. HI, NY, MA

• Maine’s Natural Climate Solutions Initiative



Financial Incentives

• Competitive Grant Programs: 
• California

• Healthy Soils Program 
• Alternative Manure Management Program
• State Water Efficiency and Enhancement Program 

• New York:  Climate Resilient Farming Program
• New Mexico:  Healthy Soils Grant Program

• Practice-Specific Financial Incentives:
• Maryland: Agricultural Water Quality Cost-Share
• Iowa: Cover Crop Cost Share

• Crop Insurance Discounts
• Iowa, Illinois, (Wisconsin in process)

• Ecosystem Services Payments/Markets :
• Vermont, Maryland



Farmer Outreach/Education/Technical Assistance

• Education and Outreach to Farmers
• Raise awareness
• Encourage adoption
• Facilitate workshops and trainings
• Provide funding for activities
• Establish equipment loan programs

• Establishing Farmer Networks
• Facilitate farmer to farmer education

• Identifying Soil Health Champions
• Recognizing publicly the farmers employing 

these practices



Research and Demonstration

• Grant Funding for Research and Demonstration 
Projects

• Certification Programs

• OpenTEAM (Open Technology Ecosystem for 
Agricultural Management)



Farmland Protection

• Why is it a climate strategy?
• Avoiding future emissions associated with 

development
• Preserving climate benefits that can come 

from the land

• Farmland Protection Climate Strategy Models:
• Funding for farmland conservation efforts
• Funding to improve farmland conservation planning and 

policy development
• Examples: MD, CA, NY 



Development of Local/Regional Food 
Economy

• As a climate strategy:
• Reduces emissions associated with importing 

food/ag products
• Increases agro-biodiversity
• Provides food security for the state/region

• Examples: MD and New England Consortium

• Social Equity Lens:
• Economic importance for rural communities
• Importance of food access programs



Best Practices for Siting Solar Projects on Farmland

• Where possible, avoid developing Prime Farmland or Farmland of Statewide Importance.

• Preferentially use previously-developed, disturbed, degraded, or marginally productive 
portions of the farm property.  

• Encourage dual-use projects, where agriculture and solar electricity can be produced together 
on the same piece of land. 



1. UN (also source of graphics)  https://wedocs.unep.org/bitstream/handle/20.500.11822/27688/WasteNot.pdf?sequence=1&isAllowed=y
2. ReFED https://www.refed.com/?sort=economic-value-per-ton

FOOD WASTE

• In North America, 30-40% of food available for human consumption is wasted. When food 
is wasted, it is important to recognize that all of the inputs used to produce food are also 
wasted. ¹

• Every year, American consumers, businesses, and farms spend $218 billion a year, or 
1.3% of GDP, growing, processing, transporting, and disposing food that is never eaten. ²

• That’s 52 million tons of food sent to landfill annually, plus another 10 million tons that is 
discarded or left unharvested on farms. ²

• The global impact of annual food waste has a carbon footprint of 3.3 gigatons of CO2 eq. 
¹  

• Based on the USDA’s loss-adjusted food availability dataset, it is estimated that food 
losses contribute 1.4 kilograms of CO2 eq. per capita per day. Across the entire US 
population, this is equivalent to the annual emissions of 33 million average passenger 
vehicles. ¹

https://wedocs.unep.org/bitstream/handle/20.500.11822/27688/WasteNot.pdf?sequence=1&isAllowed=y
https://www.refed.com/?sort=economic-value-per-ton


Questions?


	Working Lands Subcommittee�February 14, 2020 
	Maine DEP 8th annual report on progress toward greenhouse gas reduction goals 1/13/2020 
	Maine DEP 8th annual report on progress toward greenhouse gas reduction goals 1/13/2020 
	Slide Number 4
	Slide Number 5
	Most Maine farms are small� –  in size and sales
	Summary of Maine’s Land cover (USDA –NASS 2018 cropland data layer
	Maine Farmland 2012-2017 census
	Conservation Practices are increasing!
	Maine Agriculture’s Climate Change Mitigation Potential
	Slide Number 11
	US Natural Climate Solutions Research
	Slide Number 13
	How do we estimate GHG mitigation?
	Example – Conversion to No Till in Maine
	Slide Number 16
	What about Maine?
	Maine’s Natural Climate Solutions Initiative Project: State-Specific Practices
	Practices to Consider
	Maine NCS Project Timeline
	Slide Number 21
	Slide Number 22
	Impacts of Increasing Precipitation
	Adaptation Strategies
	Farmers are responding…But how? �
	How do management decisions impact GHG emissions?�How do they impact crops?
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Liquid manure systems and GHG emissions
	Slide Number 32
	Alternatives to Anaerobic digestion—manure separation
	Slide Number 34
	Potato Ecosystems Project�Presque Isle, ME�1991-2008
	Slide Number 36
	Mulching after potato harvest (Dan Corey)
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53

