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Agricultural Greenhouse Gases (GHGs) 
 

Emerging Environmental Markets for GHGs 
 

NRCS Environmental Market Activities and  
 California’s Cap and Trade Program 
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Climate Change 
Science Refresher 





Earth Diameter – 7,900 miles Earth Atmosphere – 60 miles 

Earth and the Atmosphere – A Tangible Example 



Earth Diameter – 7,900 miles Earth Atmosphere – 60 miles 

Earth and the Atmosphere – Exaggerated Atmosphere Example 



Atmospheric CO2 Concentrations (Monthly Averages)  



Greenhouse Gas Concentrations are Increasing in 
the Atmosphere 

**Source: IPCC, AR4, WG1 Chapter 2  



This temperature rise has us concerned 

Expected range of temperature  
rise is concerning 

(10°F) 

(7°F) 

(4°F) 

Temperature 

Complements Bill Hohenstein - Adapted from Hayhoe 2011 



Climate Change 
U.S. Agricultural GHG 

Emissions 



IPCC 2007 

Agricultural sources and sinks of greenhouse gases 

Presenter
Presentation Notes
Land use related activities, including agriculture, are among the most complex emission sources.  They are spatially dispersed, result from many different processes and are among the most difficult to quantify.  All three of the major greenhouse gases, carbon dioxide, nitrous oxide and methane are important.





Rank Country CO2e emissions in 
megatonnes 

Percentage of 
global total 

1 China 7,225.4 16.38% 

2 United States of 
America 6,933.8 15.72% 

3 European Union 
(27)[2] 5,331.5 12.09% 

4 Brazil 2,854.8 6.47% 
5 Indonesia 2,038.9 4.62% 

6 Russian Federation 2,012.8 4.56% 

7 India[2] 1,875.5 4.25% 
8 Japan[2] 1,390.3 3.15% 
9 Germany[2] 1,005.0 2.28% 
10 Canada 810.8 1.84% 

11 United Kingdom[2] 684.2 1.55% 

12 Mexico 682.3 1.55% 
13 Korea (South)[2] 608.3 1.38% 
14 Italy[2] 581.5 1.30% 
15 France[2] 575.0 1.30% 
16 Iran[2] 572.5 1.30% 
17 Australia[2] 571.6 1.30% 
18 Ukraine[2] 494.7 1.12% 
19 Spain[2] 470.9 1.07% 
20 Venezuela 457.2 1.04% 
21 Nigeria 454.4 1.03% 
22 South Africa[2] 433.3 0.98% 
23 Turkey 431.1 0.98% 
24 Saudi Arabia[2] 387.6 0.88% 
25 Malaysia[3] 374.5 0.85% 

US Ag Sector 
591.6 (2011) 

Carbon 
Sequestration 
from Land 
Use, Land 
Use Change, 
and Forestry 
(Sinks) –  
958.3 (2011)  

Increase 
This 

Decrease 
This 
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Common Greenhouse Gases 
 Carbon dioxide is recycled through the 

atmosphere by the process of 
photosynthesis, microbial decomposition, 
and oxidation. 
 

 Methane is a product of anaerobic 
decomposition of an organic material.   It is 
the only greenhouse gas that when burned, 
creates another similar gas.  

 
  Nitrous oxide is a clear gas with slight 

odor and can be removed from the 
atmosphere by photolysis or a process that 
involves its breakdown using sunlight. It is 
also reactive in the soil and atmosphere. 

Presenter
Presentation Notes
There are about four common types of greenhouse gases:

Water vapor is the most abundant greenhouse gas.  It is brought into the atmosphere through evaporation.

Carbon dioxide is recycled through the atmosphere by the process of photosynthesis, microbial decomposition, and oxidation.

Methane is a product of anaerobic decomposition of an organic material.   It is the only greenhouse gas that when burned, creates another similar gas. 

 Nitrous oxide is a clear gas with slight odor and can be removed from the atmosphere by photolysis or a process that involves its breakdown using sunlight. It is also reactive in the soil and atmosphere.



Percentage of  GHG Emissions in 2009. EPA, 2011  

Fossil fuel combustion alone contributed 95% of all carbon dioxide 
emitted in the US in 2009.   

Source of Greenhouse Gas Emissions 



Agricultural sector is responsible for 
about 6% of total U.S. greenhouse gas 
emissions. 
 
Among all non-carbon-dioxide 
emissions, methane (CH4) and nitrous 
oxide (N2O) are the primary 
greenhouse gases emitted by 
agricultural activities. 
 

GHGs Contributed from Agriculture 

Percentage of  GHG Emissions in 2009. EPA, 2011 

Presenter
Presentation Notes
Agricultural activities contribute directly to emissions of greenhouse gases through a variety of processes such as soil and fertilizer management, rice cultivations, and composting. In 2009, the agricultural sector was responsible for about 6% of total U.S. greenhouse gas emissions. 

Among all non-carbon-dioxide emissions, methane and nitrous oxide are the primary greenhouse gases emitted by agricultural activities. Methane emissions from enteric fermentation and manure management represent about 71 percent and 25 percent respectively, of total methane emissions from agricultural activities. Rice cultivation and field burning of agricultural residues were minor sources of methane. 

Agricultural soil management activities such as fertilizer application and other cropping practices were the largest source of U.S. nitrous oxide emissions, accounting for about 92 percent. Manure management and field burning of agricultural residues were minor sources of nitrous oxide emissions.



Main anthropogenic sources of methane 
emissions are: 
 
a) Fossil fuel mining / distribution 
b) Rice Cultivation 
c) Livestock and manure management: 

 emitted through a digestive process 
 called enteric fermentation that is 
 unique to ruminant animals 
 produced by the anaerobic 
 decomposition of the organic waste 

d) Landfills: 
 produced by the anaerobic 
 decomposition of the organic matter 

Methane 

Photos courtesy of USDA-NRCS 



Most nitrous oxide in the U.S. is a 
product of the processes related to 
the management of agricultural 
soils. These processes include 
fertilizer application, tillage and 
cropping systems.  
 
Nitrous oxide is emitted during 
microbially-driven processes of 
nitrification and denitrification. 
 

Nitrous Oxide 

Photos courtesy of USDA-NRCS 

Main anthropogenic sources of nitrous 
oxide emissions are: 
 
a) Agricultural soil management 
b) Manure management 
c) Field burning of agricultural 

residues 
 
 

Presenter
Presentation Notes

Another source of nitrous oxide is flooded croplands. During prolong periods of flooding, part of the nitrogen lost in the denitrification process is released as nitrous oxide.








NRCS Conservation Management 
Provides Emission Reduction and 

Carbon Sequestration Opportunities 



Improved Agricultural 
Practices Conservation tillage Conservation buffers 

Cover crops 

Improved rotations 

 
Soil organic 

matter 

CO2 

CRP 



Sequestration - Soil and Biomass 
Storage of Carbon 

 

**Numerous Co-Benefits 





Climate Change 
Environmental Markets 
and Greenhouse Gases 



NRCS is engaged in the three most 
widely recognized and supported 
policy options that aim to reduce carbon 
and other greenhouse gas emissions are: 
 
1) Non-regulatory market mechanisms 

(voluntary markets) and regulations 
(EPA and ARB) 

2) An economy-wide greenhouse tax 
or simply a carbon tax (regional) 

3) Cap-and-trade system (California) 

Policy Mechanisms for Reducing GHG Emissions 



“The Financial Market” 



Food and Fuel Market - Commodities 



Emerging Market - Carbon Market   
(Addressing Global Climate Change) 



 

Ecosystem Service Markets are… 
 
Mechanism for placing value on marketable 

natural services (assets/benefits) 
 
Platform where services can be bought, sold or 

traded 
 
Financial system through which individuals 

receiving benefits can compensate the benefits 
producer  

 



What makes a Market Successful? 
 
 Clear rules/protocols for market transactions and 

trades 
 
 Credible measurements and reporting 
 
 Relatively low transaction costs 
 
 Ability to accurately define & deliver benefit 
 
 Adequate number of buyers and sellers that are 

easily located within a “marketplace” 



Broad Array of U.S. 
Environmental Markets and Credits 

Type Regulatory Driver 

Wetland Federal & State 

Stream Federal & State 

Buffer State 

Habitat Federal & State 

Forest State 

Carbon/GHG State & (possibly) Federal  

Nutrients State 

Misc. Water Quality Federal & State 

Stormwater Federal & State 

Renewable Energy State 

Water Rights State 

Aquifer Recharge State 

Development Rights County 
**Slide provided via compliments of American Farmland Trust 



 
Why Allow for Trading? 

 • Cost Effectively Achieves Environmental Objectives 
• Co-benefits and Ancillary Environmental Benefits 
 

  Why Should Ag Participate? 
• Revenue and Payment Stacking Opportunities 

(EQIP plus Credit Revenue) 
• Discussions are influencing land stewardship goals 
• Agriculture knows what works best on the farm 
• Receive recognition for what it has already done 

 
**Slide compliments of American Farmland Trust 



Agricultural Offsets 

• Reduce emission from BAU 
• Sequester carbon in the soil 
• Reforestation or afforestation of native tree 

species 
• Methane capture and destruction from livestock 
• Provide an entire suite of co-benefits  

 
• Concerns:  lack of permanence, science unclear 

on measuring and quantifying reductions 



Universal Challenges  

• Solid science (unit traded must be definable, 
measurable and verifiable) 

• Appropriate length of contracts to ensure 
permanence 

• Determining baselines and ensuring real 
changes occur that don’t lead to leakage 

 
• Creating transparent, credible, efficient, 

economical, high confidence markets 



Climate Change 
Example of NRCS and 

GHG Market 
Opportunities 





Erosion Intensive tillage 
Past Agricultural 
Practices 

Residue removal Low Productivity 

 
Soil organic 

matter 

CO2 

Presenter
Presentation Notes
Past agricultural practices typically have resulted in losses of up to 50% or more of the carbon originally present in the soil under native vegetation.



Improved Agricultural 
Practices Conservation tillage Conservation buffers 

Cover crops 

Improved rotations 

 
Soil organic 

matter 

CO2 

CRP 

Presenter
Presentation Notes
Improved practices can shift the balance of C inputs and outputs to rebuild soil C stocks



Sequestration - Soil and Biomass 
Storage of C 

 

**Numerous Co-Benefits 

Presenter
Presentation Notes
While the earlier slides discussed reducing emissions of ghg’s, agricultural actions can also absorb and store carbon dioxide from the atmosphere in vegetation and soils.    This storage can be accomplished by increasing long-life vegetation like grasslands and tree plantings, and increasing soil carbon sequestration through reducing tillage.



Testing the waters - NRCS Environmental Market 
Leadership 



GHG CIG Projects 

• More than nine Projects 
• > $7 Million 
• Up to or >$10 Million in FY2013 EQIP 

funds available – FY2014 dependent on 
FY2013 rollout 
– Not all CIG projects have been developed to 

incorporate EQIP-assisted producers 
 



 Agricultural Soil Carbon in the Palouse Region 
 

 Avoided Grassland Conversion Carbon Project 
 

 Bovine Innovative Greenhouse Gas Solution 
 

 Bringing Greenhouse Gas Benefits to Market: Nutrient 
Management for Nitrous Oxide Reductions 

 

 Demonstrating GHG Emission Reductions in California and 
Mid-South Rice Production 

 

 Development of Protocols and Accounting Methods for Carbon 
Sequestration on US Rangelands 

 

 Estimating Nitrous Oxide Reductions from Nutrient 
Management in the Chesapeake Watershed 

 

 Farm Smart� Management System 
 

 Improving Nitrogen Use Efficiency and Reducing Nitrous Oxide 
Emissions in Tomato Systems 

 

 Reducing N2O Losses from Cropping Systems for 
Environmental Credits with Fertilizer BMPs 
 

Testing the Markets – Greenhouse Gas / Carbon 
Sequestration Conservation Innovation Grants 



Major US  
Automobile 

Manufacturer 

Ducks Unlimited and The Climate Trust CIG Projects 
(Note: this project will utilize EQIP Funding) 

Land Conservation 
and Wildlife Habitat 

 
PLUS 
Soil Carbon Credits 

$$$ Return to Producer for Avoided 
Grassland Conversion 

SALE 

Aggregation 

Preserving Grasslands 
And Not Tilling – grazing and 
haying permitted 

http://www.climatetrust.org/


NRCS is engaged in the three most 
widely recognized and supported 
policy options that aim to reduce carbon 
and other greenhouse gas emissions are: 
 
1) Non-market mandates (voluntary 

markets) and regulation (EPA) 
2) An economy-wide greenhouse tax 

or simply a carbon tax (regional)  
3) Cap-and-trade system (California) 

Policy Mechanisms for Reducing GHG Emissions 



Assembly Bill 32 –  
California Global Warming Solutions Act 

AB 32 Timeline 
 
 By Jan 1, 2009 - ARB adopts plan indicating how emission reductions will 

be achieved from significant sources of GHGs via regulations, market 
mechanisms and other actions.  

 During 2009 - ARB staff drafts rule language to implement its plan and 
holds a series of public workshop on each measure (including market 
mechanisms).  

 By Jan 1, 2010 - Early action measures take effect.  
 During 2010 - ARB conducts series of rulemakings, after workshops and 

public hearings, to adopt GHG regulations including rules governing market 
mechanisms.  

 By Jan 1, 2011 - ARB completes major rulemakings for reducing GHGs 
including market mechanisms. ARB may revise the rules and adopt new 
ones after 1/1/2011 in furtherance of the 2020 cap.  

 By Jan 1, 20123 - GHG rules and market mechanisms adopted by ARB 
take effect and are legally enforceable.  

 December 31, 2020 - Deadline for achieving 2020 GHG emissions cap. 
 



The Global Warming Solutions Act (AB 32) and GHG Reductions Goals 

Goals of Regulation 
 Achieve 1990 GHG emission levels by 2020 
 Achieve 80% reduction of 1990 levels by 2050 



California ARB continues to refine many of the carbon offset program details. 



Concluding remarks 
Agriculture has a significant role to play in environmental 

markets, voluntary GHG emission reductions, and carbon 
sequestration 

 
Many technologies are feasible and can be implemented at 

relatively low cost – but may require incentives to farmers 
 
Barriers exist – a key issue is the cost of quantifying and 

verifying agricultural environmental benefits 
 
 



 Emerging systems and recordkeeping 
(precision ag., etc.) can empower farmers and 
help generate agricultural carbon credits. 
 

 Land Use, Land Use Change, and Forestry 
are important carbon sinks (with plenty of 
untapped conservation potential) 

 
 USDA and NRCS are investing in 

quantification tools to support the accounting 
of agricultural GHG emissions and sinks 

 



 
 The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the 

basis of race, color, national origin, age, disability, and where applicable, sex, marital status, familial status, 
parental status, religion, sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not all prohibited bases apply 
to all programs.) Persons with disabilities who require alternative means for communication of program 
information (Braille, large print, audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 
(voice and TDD). To file a complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 (voice) or (202) 720-
6382 (TDD). USDA is an equal opportunity provider and employer. 
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