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Projected Climate Change

• Global average temperatures predicted to 
increase by approx 2-5 oC by 2050

• Regional and local changes variable and 
difficult to predict 

• California 
– 2-4oC increase in temperatures (greatest in winter)
– Regional precipitation changes vary (+ vs -) 

between models, difficult to predict.
– Snowpack decreased
– Increased variability in weather (most likely)



Likely consequences
• Effects on crop productivity

– Maybe positive or negative in US depending on location/crop 
type

– Likely increase in pest (weed, insect) pressure
– ‘Migration’ of cropping systems necessary as an adaptive 

strategy (incurring relocation costs)
– Greater problems for resource-poor farmers in tropics

• Potential for greater weather extreme

– Drought, hurricanes, blizzards, floods
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What gases are of importance to agriculture ?

CO2
Sources: Fossil fuels, biomass burning, soil degradation
Sinks: Buildup soil organic matter and plant biomass
GWP (Global Warming Potential) = 1

N2O
Sources: Fertilizer, crop residues, manure
Sinks: No agricultural sinks
GWP = ~300

CH4
Sources: Livestock, manure, anaerobic soils (rice)
Sinks: Aerobic soils, especially forests and grasslands
GWP = ~20
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Globally, agriculture (20%) and land use 
change (14%) contribute about 1/3 of the total 
GHG emissions (as ‘radiative’ forcing) from 
all anthropogenic sources.

In the US, agriculture accounts for about 8% 
of total GHG emissions (forestry is a 
substantial sink).



California

CO2 : 1.0%

N2O : 4.0 %

CH4 : 3.0%



Practices for C sequestration
• Reduced and zero tillage
• Set-asides/conversions to perennial grass
• Reduction in cultivated organic soils
• Reduction/elimination of summer-fallow
• Winter cover crops
• More hay in crop rotations
• Higher residue (above- & below-ground) yielding 

crops
Technical potential = 80-200 MMTC/yr
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Practices for N2O & CH4 emission reduction

N2O mitigation
•Better match of N supply to crop demand
•Better organic N (e.g. manure) recycling
•Advanced fertilizers (e.g. controlled release, nitrification inhibitor)

CH4 mitigation
•Improved livestock breeding and reproduction
•Nutrition (e.g. forage quality, nutrient balance, additives)
•Methane capture from manure
•Manure composting
•Rice (water and nutrient management)

Technical potential = 40-50 MMTC Equivalent per year
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Yellow is trees
Light green is small grain & field crops
Red is mostly tomatoes
Dark green is pasture
Beige is native vegetation
Black is urban
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• Reduced tillage can cut fuel-CO2 emissions by half

• Integration of reduced tillage with cover cropping!

Greenhouse gas budget: Five Points

SOC            tCO2e ha-1

STNO STCC CTNO CTCC
Cotton -0.11 -2.42 -0.92 -4.20
Tomato -0.65 -2.53 -0.87 -3.71

N2O 297
Cotton 1.62 1.04 1.33 0.80
Tomato 1.69 1.63 1.36 1.17

CH4 31
Cotton -0.11 -0.12 -0.11 -0.11
Tomato -0.11 -0.11 -0.11 -0.11

Fuel-C
Cotton 0.51 0.57 0.25 0.27
Tomato 0.63 0.85 0.30 0.34

SUM
Cotton 1.91 -0.93 0.54 -3.25
Tomato 1.56 -0.17 0.68 -2.31
system 1.73 -0.55 0.61 -2.78



Anthropic Sources of 
Methane and Nitrous Oxide Globally

Total Impact   2.0 Pg Cequiv 1.2 Pg Cequiv

IPCC 2001; Robertson 2004

(compare to fossil fuel CO2 loading = 3.3 Pg C per year)
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N2O - Yield Threshold

McSwiney and Robertson, submitted
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Implementation

?



US Trading Initiatives and Activities

• Chicago Climate Exchange
• National Carbon Offset Coalition
• Commodity brokerage firms

– Natsource
– Cantor Fitzgerald

• Consultants
• NGOs
• State Initiatives



Hopkins 2004
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Cost to Mitigate

European Market: $34/tCO2e

Five Points STNO -> STCC $35
STNO -> CTNO $0
STNO -> CTCC $35



Issues
• Measurement and monitoring costs

– Preliminary estimates of ‘large project’ measurement 
costs, suggest values < 5% of cost of C credits.

– Transaction costs?
• ‘Temporary’ carbon storage – who assumes the 

liability?
– Long-term contracts
– Leasing

• Additionality
– Credit for ‘early’ adopters?
– ‘Fairness’ vs economic efficiency

N2O -> no issue



Ancillary benefits of GHG mitigation

C sequestering practices
•Reduced erosion 
•Improved soil quality and fertility
•Improved water quality
•Conservation Reserve lands - Wildlife habitat and biodiversity
•Biofuel production

N2O emissions reductions
•Reduced leaching and ammonia volatilization
•Improved water quality (well nitrate, hypoxia,  algae blooms)
•Less fertilizer waste

CH4 emission reductions
•Improved water and air quality (manure handling, odors, runoff)



Conclusions
• Cover cropping and/or reduced tillage seem to 

have potential in California.
What about manure, compost, drip irrigation 
and set-aside?

• Fuel C and N2O are major player in greenhouse 
gas budgets; especially in California

But measurements and modeling issues with 
N2O



Conclusions
• Use of improved management practices show a 

significant technical potential for GHG mitigation, 
but agriculture is only part of the solution.

• Various issues need to be resolved with respect to 
implementation.  However, no ‘show-stoppers’ so 
far.

• Bundling’ GHG mitigation with other 
environmental goals should increase benefit and 
cost-efficiency of agricultural GHG policies.
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