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Questions Addressed
• Role of agriculture?

• How are soil GHG fluxes quantified?

• How is uncertainty quantified?

• What is the mitigation potential?

• Farm level tools?
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US Agricultural GHG Emissions
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US Cropped Land Δ Soil C
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Sampling Methods

Bottom Up Tower Top Down

•Appropriate for plot level
•But requires disturbance of 
vegetation/soil
•Snapshot of emissions in small slices 
of time/space

•Cannot distinguish emissions from plots 
receiving different treatments 
•Impacted by wind velocity
•Appropriate for field scale
•Almost continuous sampling through time
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Sampling Methods
Aircraft Top Down Global Top Down

source – sink = Δatmos

•Large foot print (> 10 km2)
•Brief periods of time sampled
•Expensive

•atmospheric concentration is well quantified
•Well established chemistry
•Cannot distinguish sources
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Modeling Methods

Empirical:

•Simple regression eqns.
•Easy computations
•High transparency
•e.g. default IPCC emission

factors

Process Based:

•Simulate mechanisms
•Complex algorithms
•Low transparency
•e.g. DAYCENT, DNDC
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Synthetic N 
Organic N 
Residue N

Mineral 
Soils Organic 

Soils

Atmospheric N2O

Direct Emissions Indirect Emissions

Temperate:
8 kg N2O-N/ha

Subtopics:
12 kg N2O-N/ha

1.0% (applied N)

NH3 & NOx Volatilization (10% Synthetic N, 20% Manure N)

NO3
- Leaching/Runoff (30%)

1%

0.75%

2.0% (PRP N)

IPCC METHODOLOGY FOR N2O
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Site Mean N2O Emissions
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At plot level, process based models usually 
perform better than simple models
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Global Anthropogenic N2O
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Source of ~ 250Tg CO2 eq.:
• Cropped Soils ~ 155 Tg CO2 eq.
• Grazed Soils ~ 95 Tg CO2 eq.
• ~10 Tg N fertilizer and 16 Tg N fixed per year
• ~ 45% of this N leached or lost as N gas
• Nitrification/urease inhibitors
• Time released fertilizers

N2O Mitigation
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Fertilizer Type and Tillage Intensity Study – Colorado Irrigated Corn
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Mineral Soil GHG Fluxes Major Crops
Current Management
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Mineral Soil GHG Fluxes Major Crops
Improved Management
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COMET-VR (CarbOn Management and 
Evaluation Tool – Voluntary Reporting)

• First developed for cropland/grassland soil C & fuel use
• New version includes:

• N2O emissions
• Agroforestry
• Orchards and vineyards
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COMET-VR model
(www.cometvr.colostate.edu)
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Select management
sequences

Select tillage management
sequence



GovEnergy 2010



GovEnergy 2010

Limitations

• Models that COMET is based on have been 
verified with measurements from controlled 
experiments

• But what about farm level?
– A national monitoring system for soil C is being 

planned

– Something similar for N2O?
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A National Soil Inventory Network

• Prototype network 
under development 
with USDA/NRCS-NRI

• Proposed build-out to 
5000-10,000 locations, 
with 1000-2000 
locations per year 
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Conclusions
•No perfect method to quantify soil GHG fluxes

•As scale increases, different methods tend to converge

•Improved fertilizers can substantially reduce soil N losses

•Farm level tools can estimate offsets, BUT:

•A national monitoring system is needed to further verify the ability 
of models to represent the impacts of management practices

•Aggregation is necessary
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