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1 Introduction

Agriculture may well be caught in a climate change squeeze.  The 2001 report by the Intergovernmental Panel on Climate Change (IPCC) projects that the climate could warm by as much as 10º F over the next 100 years, and asserts we had already seen a warming of about 1º F since 1900.  Across the scientific community there are arguments that climate change could alter a number of agriculturally relevant items including
· Temperature and precipitation regimes in major agricultural production regions. 
· The incidence of extreme events such as hurricanes, droughts, and El Nino years. 
· Soil moisture conditions. 
· Timing of water runoff from snow pack. 
· Regional precipitation patterns altering them in some regions from frontal rains to thunderstorm based rains. 
Agricultural production is highly influenced by such conditions and thus is vulnerable to climate change.  Production conditions will be altered by the emergence of climatic change. 
Vulnerability also arises in another way.  Today, as a means of mitigating climate change risk, substantial international efforts are addressing the reduction of greenhouse gas (GHG) emissions.  Such efforts are likely to both increase the cost of agricultural energy inputs and provide opportunities for agriculture to participate in GHG mitigation efforts by controlling emissions, growing crops that displace GHG intensive commodities or increasing soil and plant absorption (sequestration) of atmospheric GHGs.  

Thus, it seems inevitable that agriculture will be squeezed by the countervailing forces of 

· A changing climate that will affect production conditions. 
· A mitigation effort attempting to reduce the magnitude of GHG emissions into the atmosphere and in turn the degree of climate change that will both (1) raise the cost of a number of agricultural inputs and (2) provide income opportunities and some possible costs associated with that effort.  
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This paper was developed out of a project designed to illuminate the dimensions of this squeeze for agricultural industry participants focusing on the implications for and vulnerabilities of United States Agriculture.  Two parallel papers were developed, the first addressing agricultural sensitivity to climate change and the second addressing agricultural sensitivity to climate change mitigation efforts.  This paper addresses sensitivity to mitigation efforts. 
This paper it is strongly influenced by and draws on previous work that the first author has been involved with including 
· US EPA report Greenhouse Gas Mitigation Potential in US Forestry and Agriculture.
· CAST report Agricultural Mitigation of Greenhouse Gases: Science and Policy Options by Paustian et al (2004).
· Work with my students and post docs particularly Uwe Schneider, Heng-Chi Lee, Chi-Chung Chen, Ching-Chang Cheng, Man-Keun Kim, Bill Nayda, Tanveer Butt and Dhazn Gillig

· Work on a DOE/USDA funded Biofuel project.
2 Greenhouse gases and climate change

The Intergovernmental Panel on Climate Change indicates that global average surface temperature has increased since 1861.  Over the 20th century, the increase has been about 1°F.  The 1990s were globally the warmest decade on record and 1998 the warmest year since 1861.  IPCC documents argue that this has largely been caused by an increased atmospheric concentrations of greenhouse gases (GHGs) caused by human activities.  The IPCC indicates that atmospheric concentrations of key greenhouse gases (i.e. carbon dioxide, methane, nitrous oxide, and tropospheric ozone (O3)) have reached their highest recorded levels.  Key drivers behind such observations are the combustion of fossil fuels, coupled with land-use changes.  Furthermore, the IPCC projects a large future increase in atmospheric concentrations of GHGs during the next 100 years and, in turn, further changes in global climate amounting to temperature increases of 1.4 to 5.8°C by 2100 -- two to ten times larger than their calculation of the degree of observed warming over the 20th century.  They also argue that climatic change represents opportunities and risks to agriculture, ocean navigation, energy use, health, and ecosystems among other items.  
One way to partially avoid prospective climate change or climate change risk is by reducing the amount of GHGs in the atmosphere.  The IPCC asserts that, while it will be a long time before we know the exact effects of climate change, future reductions in GHG concentrations will take a very long time to achieve and indicates that, perhaps as a precautionary move, we should begin reduction efforts now.  The increase in atmospheric GHG concentrations is largely caused by rising emissions from a diverse set of sources including emissions from fossil fuel combustion, deforestation, agricultural land use changes and land degradation.  A reduction in the rate of GHG emissions would reduce future atmospheric concentrations.  In addition, and of key importance to agriculture, the IPCC and others have pointed out that society could also enhance absorption of carbon from the atmosphere and store (sequester) it somewhere including in biological ecosystem reservoirs, referring to these stocks of stored carbon as “biological carbon sinks”.  
2.1 Greenhouse Gases and Climate Change Forcing

There are a number of different GHGs including the most agriculturally relevant ones of carbon dioxide, methane and nitrous oxide.  These gases differ in terms of their climate change implications.  Equal emission volumes result in different amounts of trapped solar radiation (called radiative forcing), the driving force behind the greenhouse effect and climate change.  The IPCC developed a measure to allow across GHG comparisons called the global warming potential (GWP).  The GWP is an index of the warming strength of different GHGs that takes into account their differential ability to trap heat and residence time in the atmosphere.  The IPCC uses carbon dioxide as the reference gas and calculates GWPs for time horizons: 20, 100, and 500 years.  The most commonly used is the 100 GWP and expresses the 100 year heat trapping ability of the each gas relative to carbon dioxide.  The 100 year GWPs for the GHGs most relevant to agriculture as used by EPA for its national inventory process follow. 
	Greenhouse Gas
	GWP

(Global Warming Potential)

	Carbon dioxide
	1

	Methane
	23

	Nitrous oxide
	296


Source: IPCC Working Group I, Climate Change 2001:  The Scientific Basis (Table 3), Cambridge University Press, Cambridge.

This indicates that for example the release of 1 ton of methane into the atmosphere has 23 times the solar radiation trapping effect as does 1 ton of carbon dioxide.  There are a number of other GHGs that are not included here -- HFCs, PFCs, and SF6 -- which have GWPs of several thousand, but these gasses are not generally directly involved with agricultural activities. 
GWPs are used to collapse quantities of multiple GHGs into a summary carbon dioxide equivalent measure.  Namely multiplying tons of methane times 23 and tons of nitrous oxide by 296 allows one to form tons of carbon dioxide equivalent measure.  
2.2 US and US Agriculture Greenhouse Gas Emissions

The EPA GHG Inventory indicates that United States 2003 emissions amounted to 6,900 million metric tons (MMT) of carbon dioxide equivalent or about 25% of global emissions.  This was composed of 
· Carbon dioxide net emissions of 5,841 MMT 
· Gross carbon dioxide emissions totaling 6,669 MMT, about 95% of which are from fossil fuel use. 
· An offsetting 828 MMT of sinks
· Methane emissions of 545 MMT on a carbon dioxide equivalent basis

· Nitrous oxide emissions of 377 MMT on a carbon dioxide equivalent basis

Overall, total US emissions have risen by 13 percent from 1990 to 2003.  
Agriculture and land-use are significant players being responsible for 
· About 6.3% of total US net emissions. 
· Approximately 6% of the carbon dioxide emissions.
· The majority of the sink offsets with 91% arising from forestry, and 1% from agricultural soils -- The rest arise from dwellings (8%). 
· Approximately 30% of methane, which arise largely from livestock enteric fermentation (21%) and manure management (7%), with the remaining from rice cultivation, agricultural soil management, and field burning of agricultural residues.
· Approximately 72% of the nitrous oxide emissions, which arise largely from fertilizer application/cropping practices (67%) along with manure management (4%) and field burning.
2.3 The context for making money – trading
So the question is could land operators and land owners like farmers and foresters realize new moneymaking opportunities from climate change mitigation? This opportunity will largely arise through the possibility of emission trading markets.  
During the last 20 years it has been increasingly common to create markets for the rights to emit a given amount of an item like sulfur dioxide, water pollutants or greenhouse gases.  For such a market to work, a government agency establishes an overall limit on allowable emissions, and allocates rights to emit equal to that limit.  A firm that
· Holds less emission rights than it is likely to emit can either reduce emissions or can go into the marketplace and purchase emission rights from others.  
· Has excess emission rights, or can reduce emissions at a low cost, can sell some part of its emission rights.  
Such trading tends to reduce the total cost to society of emissions reduction relative to other regulatory means as, in general, such a market creates incentives for those firms with the lowest-cost abatement opportunities to profit, while those firms with only high cost abatement options can escape the high cost by purchasing emissions rights (See Woodward (2005) and associated papers for elaboration). 
Environmental trading has been prominent in the discussions of GHG emission mitigation for example appearing in both the Kyoto protocol (United Nations Framework on Climate Change), and the McCain and Lieberman Bill along with being advocated by government agencies like EPA as a cost-effective way to achieve emission reductions.  The proposed trading schemes 

· Allocate rights to emit greenhouse gases across a targeted set of emitting firms that collectively equal an overall US level established limit (or cap) on emissions.
· Cause a market trading place to be established—somewhere like on the Chicago Board of Trade, that acts as an intermediary bringing together buyers and sellers of emission rights.
In many of the proposed trading systems most agricultural emissions and sinks are not included under the overall cap but are able to enter under provisions that allow additional credits to be sold into the market.  With this feature, a farmer, in conjunction with an environmental monitoring group, can establish a baseline set of emissions or sinks, and then act to emit less or increase their amount of sink holdings, they can sell the amount of lessened emissions plus increased sinks as credits in the emissions rights market.   
Could these credit markets be sizable?  The simple answer is yes.  For example, 
· Under 2006 Energy Information Administration International Energy Outlook projections for US carbon dioxide emissions, US participation in the Kyoto Protocol would have created an additional demand for credits/abatement of over 1.7 billion metric tons.

· The McCain-Lieberman proposal would have covered nearly 90% of US emissions, capping them at 2000 levels, creating annual allowances equal to nearly 4.5 billion metric tons of carbon dioxide.  
· The European  Emissions Trading Scheme (ETS) put in place for the 2005-2007 period covers on the order of 50 to 60% of emissions in most of the participating countries creating European-wide annual allowances of 2.0 billion metric tons or more.  

If we consider a market volume somewhere around 1.7 billion metric tons and an emission rights price of 

· $10 per ton carbon dioxide, (the approximate price found in a recent MIT study for compliance with the McCain Lieberman Bill (Paltsev et al., 2003)), we would see a US market valued at approximately $17 billion per year. 
· $30 (as observed in the European Emissions Trading system Jan-March 2006 and that has fell to $10 to $20 per ton carbon dioxide, in May 2006 - Point Carbon, 2006), we would see a market valued in the $17 to $51 billion range.  
either of which are significant considering the size of the US largest crop market which is for corn (9-11 billion bushels at about $2 per bushel). 
· Agriculture currently has emissions of about 6.3% of the total US market and for example 

· If it were possible to achieve, at a relatively low cost, a 20% reduction and sell these as credits that would imply agriculture could enter for approximately 1% of the total trading market or about 3% of a Kyoto sized market.  

· A much larger market share could be achieved through biofuel feedstock production and sequestration.  For example McCarl and Schneider (2001) developed results that indicate that if the emissions offset price was high enough that agriculture could produce an offset volume in excess of 2.2 billion tonnes. 
3 Why might agriculture be affected - A Role in Mitigation tc "3.  Agriculture and Climate Change Mitigation " \l 2
Agriculture is likely to be directly involved in or indirectly affected by climate change motivated GHG emission mitigation efforts.  McCarl and Schneider (1999, 2000) argue there are four ways agriculture may participate in or be influenced by such efforts. 
· Agriculture may sell reductions in GHG emissions.  
· Agriculture may sell enhancements in sequestration.  
· Agriculture may produce products like biofuel feedstocks which displacing emissions by substituting for GHG intensive products. 
· Agriculture may find itself operating in a world where commodity and input prices have been altered by GHG mitigation related policies.  

Each of these are discussed briefly in the following section 

3.1 Reducing Emissions 
As stated above agriculture and land-use are responsible for about 6.3% of total US net emissions including 

· Approximately 7% of the carbon dioxide emissions which arise from fossil fuel usage, soil tillage, deforestation, biomass burning, and land degradation.  Changes in tillage intensity, energy utilization, land-use change and other practices can be employed to reduce such emissions. 
· Approximately 30% of the methane which arises largely from livestock enteric fermentation and manure management, rice cultivation, agricultural soil management, and field burning of agricultural residues.  Changes in herd management, manure handling, herd size, crop mix and crop management can alter these emissions.
· Approximately 72% of the nitrous oxide which arises largely from fertilizer application/cropping practices, manure management and field burning. Changes in fertilization, manure use, herd size, crop mix and crop management can alter these emissions.
Agriculture is also an indirect source of emissions where 
· Production of a number of agricultural inputs involves releases of substantial amounts of GHGs (for example fertilizer manufacture) and reduced fertilization would lessen such emissions.
· Both agricultural inputs and produced commodities employ substantial amounts of transport and associated GHGs emissions in moving from point of production to point of consumption. 
3.2 Increasing sequestration or sinkstc "3.1.2 Agriculture - A sink for greenhouse gases " \l 4
There is potential for generating credits from enhanced sequestration - absorption of carbon and possibly other GHGs into sinks like soils, plants and trees (see IPCC, 2000, 2001 for extensive discussion).  The sequestration related activities that can be employed include 

· Afforestation
· Reforestation
· Land retirement (conversion to native vegetation)
· Residue management
· Less-intensive tillage
· Land use conversion to pasture or forest
· Restoration of degraded soils.  
While each of these can increase the carbon-holding potential of the soil, some issues are worth noting.  Soils can only increase carbon sequestration up to a point.  Plants remove carbon from the atmosphere when they grow and this carbon becomes part of the leaves, stems, and roots of plants.  When plant material is left on or in the soil it gradually decays and becomes organic matter in the soil.  As that organic matter further decays the carbon in it is released back to the atmosphere.  Over time this cycle will gradually come into balance with additions of carbon equaling losses due to decomposition. A new management environment can lead to increases in retained carbon only until a new equilibrium is reached where the rate of decomposition equals the higher rate of annual carbon additions.  Subsequent alteration of the management regime that reduces vegetation input to the soil can lead to releases, that is net emissions, of carbon that was previously stored.  If a farmer or forester previously sold credits for these reductions they may be liable for purchasing credits or allowances to cover these emissions or otherwise subject to a penalty.
3.3 Producing Biofuels and Other Replacement Products tc "3.1.3 Agriculture - A way of offsetting net greenhouse gas emissions " \l 4
Agriculture may provide substitute products which replace fossil fuel intensive products or production processes.  One substitution involves biofuels, using agriculturally produced products, waste materials or processing byproducts
· To fuel electrical power plants 
· As inputs into processes making liquid transportation fuels e.g. ethanol or biodiesel.  
Employing agriculturally produced products in such uses generally involves recycling of carbon dioxide emissions because the photosynthetic process of biomass growth removes carbon dioxide from the atmosphere while combustion releases it.  This has implications for the need for permits for GHG emissions from energy generation or use.  Namely

· Net emissions from combustion are virtually zero and may not require electrical utilities or liquid fuel users/producers to have emissions permits.  
· Use of fossil fuels for power and liquid fuels, releases substantial carbon dioxide and would require emission rights.  
This would mean that the willingness to pay for agricultural commodities on behalf of those using them for energy generation or liquid fuel use would rise because they would not have to pay the cost of the permits.  However, one must also account for the GHGs emitted when raising the agricultural commodities and those arising when transforming them into electricity or liquid fuels as we will discuss below. 
Substitute products can arise from agriculture and forestry reducing the use of commodities that require substantial amounts of fossil fuel and associated GHGs to produce.  For example 

· Wood can be used in place of steel and concrete in construction. 
· Cotton and other fibers could substitute for petroleum based synthetics. 
3.4 Operating under higher-priced fossil fuels tc "3.1.4 Agriculture - Operating under fuel taxes " \l 4
The implementation of GHG emissions trading will likely increase fossil fuel and electricity prices raising the agricultural cost of production.  For example, natural gas, diesel fuel and gasoline distributors might need to purchase emissions permits as might electricity generators.  In turn, they would likely pass this cost on to fuel users, effectively raising energy prices.  Similarly, the US might implement some sort of fuel tax that reflects the GHG emissions involved when fuels are consumed.  Such energy price increases would cause a rise in the cost of agricultural chemicals and fertilizers, on-farm fuel prices and off-farm commodity prices. (McCarl, Gowen and Yeats(1997), USDA(1999), Antle et al (1999), Konyar and Howitt(2000), and Schneider and McCarl (2005) elaborate).  
4 Energy prices - a contributing squeezing force

Agriculture is not only being squeezed by the possible effects of climate change and related mitigation efforts, but also today faces a substantial squeeze from energy price increases.  Liquid fuel prices have more than doubled in the last few years and this has an influence on agricultural production costs and output prices.  It also has a substantial influence on the competitiveness of agricultural activities related to production of biofuels.  Thus variations in energy prices will also be analyzed in this work. 
5 Mitigation possibilities and potentials included
The analytical framework employed here simultaneously considers many of the agricultural GHG strategies that might be employed.  In this section we review the basic nature of these opportunities and some information relative to the gross income potential that they offer.  Table 1 presents a summary of the scope of the coverage in this analysis by greenhouse gas and fundamental type of mitigation strategy.  
We broadly separate the influence of the mitigation strategies into three categories:  (1) emission control, (2) sequestration and (3) biofuel offsets.  We should note before beginning this discussion that
· We are listing strategies with which agriculture could possibly generate salable emission allowance credits.
· While we discuss these opportunities one at a time, in fact an overall mix would occur with employment of many strategies.  For example, manipulation of livestock diets may reduce enteric fermentation, change the manure load, alter feed demand, change the allocation of land between pasture and crops, alter fertilization practices, and lead to altered tillage practices all of which involve GHG emissions/sequestration.  
· When pursuing any one strategy many other factors will be involved to some of which would lead to reductions in net GHG emissions and some of which could add to net emissions.
Table 1. Overview of agricultural mitigation strategies considered in this analysis
	
	
	GHG involved

	Mitigation strategy
	Influences
	Carbon dioxide
	Methane
	Nitrous
Oxide

	Rice acreage reduction
	Emissions
	
	X
	

	Crop mix alteration 
	Emissions, Sequestration 
	X
	
	X

	Crop fertilizer rate reduction
	Emissions
	X
	
	X

	Other crop input alteration
	Emissions
	X
	
	

	Irrigated /dry land conversion
	Emissions
	X
	
	X

	Livestock enteric management 
	Emissions
	
	X
	

	Livestock herd size alteration
	Emissions
	
	X
	X

	Livestock system change
	Emissions
	
	X
	X

	Liquid manure management
	Emissions
	
	X
	X

	Biofuel production
	Biofuel Offsets
	X
	X
	X

	Crop tillage alteration
	Sequestration
	X
	
	

	Grassland conversion 
	Sequestration
	X
	
	


5.1 Emission Reduction strategies
Agricultural management can be employed to directly reduce carbon dioxide, methane, and nitrous oxide emissions, separate from the sequestration options discussed below.  
5.1.1 Reduced Fossil Fuel Use

The main direct carbon dioxide emissions from US agriculture arise from on-farm fuel use, although there are associated off farm releases related to the manufacture of equipment, fertilizer, and other agricultural inputs.  Changes in practices that reduce energy use or energy-intensive input usage can reduce carbon dioxide emissions
.  Namely producers can alter agricultural management including 
· Reducing tillage intensity (for example switching from conventional to no till) which reduces fossil fuels used in cropland preparation, 
· Altering irrigation practices which alter water pumping, 
· Reducing fertilization usage which changes fertilizer manufacturing carbon releases, 
· Altering crop mix which alters grain drying/tillage/irrigation/fertilizer use etc. and 
· Changing crop land to pasture which alters the operations done in the whole package of crop associated emissions.  
In terms of economic potential, EPA estimates that agriculture as a whole generates approximately 6% of societal wide carbon dioxide emissions or approximately 400 MMT.  If agriculture could cut this back by 10% then 

· At a $10 carbon dioxide price this equates to $400 million worth of potentially tradable offsets or when spread across 300 million acres about a $1.33 per acre.  
· At a price of $30 this rises to a $1.2 billion market or about $4 per acre.
Naturally one must realize that cutting emissions by this amount would imply some costs or lead to some reduction in agricultural production and the income thus derived.  Thus, pursuit of this strategy would likely have a significant opportunity cost, so these values should be interpreted as potential gross revenue from credit sales rather than an addition to net income.
5.1.2 Agricultural Soil and Fertilization Management

Nitrous oxide emissions are produced in soils through the processes of nitrification (aerobic microbial oxidation of ammonium to nitrate) and denitrification (anaerobic microbial reduction of nitrate to di-nitrogen).  The application of nitrogen-based fertilizers to croplands is a key determinant of nitrous oxide emissions, because excess nitrogen not used by the plants is subject to gaseous emissions, as well as leaching and runoff.  One way of reducing soil and nitrous oxide emissions is to reduce nitrogen fertilizer applications in general or improving their efficiency by use of banding, precision application, nitrification inhibitors, and other strategies.  Some of these may be done while maintaining crop yields. 
In terms of economic potential, EPA estimates that soil management as a whole generates approximately 254 MMT of carbon dioxide equivalent emissions.  If agriculture could cut this back by 10% then 

· At a $10 carbon dioxide price this equates to $250 million worth of potentially tradable offsets or when spread across 300 million acres about $0.83 per acre.  
· At a price of $30 this rises to a $750 billion market or about $2.50 per acre.
In addition for an acre of US corn, 
· USDA (2006) estimates that average of US level fertilizer use is 136 pounds of nitrogen per acre 
· IPCC good practice greenhouse gas inventory guidelines indicate that each pound of nitrogen applied generates about 3.67 pounds of carbon dioxide emissions due to nitrous oxide applications along and about 3.67 pounds of carbon dioxide released during the nitrogen fertilizer manufacture.
· In turn a 10% reduction in nitrogen use generates about 0.125 metric tons of carbon dioxide equivalent offset which would be valued at between $0.38 and $3.75 per acre under the assumed carbon dioxide prices used above. 
Again, such cuts could affect the level of agricultural production and the income thus derived.  Thus, these estimates indicate the potential gross revenue from this source.  Moreover, if carbon emissions related to nitrogen fertilizer production are already included under a cap and trade system, that is if fertilizer manufacturers are under a cap, then farmers may not be eligible for additional credit associated with these reductions but the fertilizer price would reflect the cap and farmers may well capture the savings in reduced fertilizer bill.  

5.1.3 Enteric Fermentation

The primary source of methane emissions arise from ruminant livestock (mainly beef and dairy animals), and the microbial fermentation process in their digestive system (rumen).  The amount of methane emitted by an animal depends primarily on the feed involved and the efficiency of digestion of that feed.  Mitigation options available for reducing enteric fermentation involve 

· Direct approaches that attempt to increase the rumen efficiency, thus reducing the amount of methane produced per unit of feed.  
· Direct approaches that improve the digestibility of the diet reducing methane emissions such as elimination of stocker phases, substitution of higher quality grain based diets, or use of improved pastures.

· Indirect approaches that increase animal productivity per unit time (primarily enhanced weight gain and milk yield) reducing the amount of methane emitted per unit of product (e.g., milk, beef).  For example when using an additive like bovine somatotropin [bST] that increases livestock productivity one sees reduced methane emissions per unit of product so across the herd less animals are needed to obtain a given amount of production and less methane is emitted. 
In terms of economic potential, EPA estimates that enteric fermentation as a whole generates approximately 115 MMT of carbon dioxide equivalent emissions.  If agriculture could cut this back by 10% then 

· At a $10 carbon price this equates to $113 million worth of potentially tradable offsets or when spread across the USDA estimate of the 2003 cattle inventory of 96 million head amounts to about a $1.18 per head.  
· At a price of $30 this rises to a $345 million market or about $3.54 per head.
Enteric fermentation based mitigation may raise costs and in turn decrease net income.  Thus, these estimates should be regarded as potential additions to gross revenue rather than changes in net income.

5.1.4 Manure/Animal Waste Management

Livestock manure produces both methane and nitrous oxide emissions.  The level of methane emissions depends on the way manure is handled and stored and largely arises from wet handling systems.  In many US livestock operations, animals are raised in confined areas, and their manure is washed into holding areas.  (This is particularly true for poultry, swine, and dairy cattle.)  In turn, methane is produced by the anaerobic decomposition of manure under wet conditions while it is stored in lagoons, ponds, pits, or tanks.  Simultaneously, nitrous oxide is produced through the nitrification and denitrification of the organic nitrogen in livestock manure and urine.  
Methane emissions from the manure can be manipulated by 
· Reducing herd size.
· Changing the manure handling system to one that uses less water. 
· Employing anaerobic digesters. Anaerobic digesters cover manure lagoons and capture the emitted methane. The captured methane then can be destroyed by flaring it or can be burned in an electricity generating process. Currently substantial activity under the Kyoto Protocol based Clean Development Mechanism employs anaerobic digesters.
Nitrous oxide emissions are really only managed by reducing the size of the livestock herd or potentially by replacing commercial fertilizer with manure reducing net nitrogen applications to the soil.

In terms of economic potential, EPA estimates that enteric fermentation as a whole generates approximately 
· 39 MMT of carbon dioxide equivalent emissions in the form of methane, 32 MMT  of which arise from dairy cattle and swine 
· 17 MMT from nitrous oxide.  
If agriculture could cut the dairy and swine manure based emissions back by 50% then 

· At a $10 price this equates to $160 million worth of potentially tradable offsets.  When spread across the EPA estimate of the swine plus dairy cattle of 72 million head assuming that ½ are in wet handling system this amounts to about $2.22 per head in wet handling systems.  
· At a price of $30 this rises to a $480 million market or about $6.67 per head.

Manure based mitigation involves additional costs.  Thus, these estimates should be regarded as potential gross revenue from credit sales rather than changes in net income.
5.1.5 Rice Cultivation

Rice produced under irrigated conditions results in methane emissions through the anaerobic decomposition of plant matter in flooded fields.  In the US, all rice is cultivated under flooded conditions (EPA 2005).  Mitigation options include changes in rice acreage, alterations in the  water management regime with a midseason drying out of flooded fields, use of inorganic fertilizers, and cultivar selection.  In the analyses presented later in the report, the only mitigation option included for management of rice methane is decreases in rice acreage. 
EPA estimates US rice cultivation generates 6.9 million metric tons of carbon dioxide equivalent emissions in a year.  If agriculture could cut rice based emissions back by 10% then 

· At a $10 price this equates to $6.9 million worth of potentially tradable offsets or about $2.16 per acre when spread across the USDA estimate of rice acreage of 3.2 million acres.  
· At a price of $30 this rises to a $20.7 million market or about $6.50 per acre.

Once again, these changes could reduce yields and possibly raise water costs.   Thus, these estimates should be regarded potential increases in gross revenue rather than changes in net income.

5.1.6 Other Emission Management alternatives

In addition to the discussion above, one can also pursue 
· Crop strategies involving

· Crop mix alteration where a different mix of crops is planted.  Such a change in mix would change the total portfolio of emissions from fossil fuels, fertilizer related and other sources as the emissions levels are significantly different across crops.

· Crop input alteration, with reductions in the pesticide use, chemicals and other inputs that involve significant manufacturing level greenhouse gas emissions.

· Irrigated/dryland conversion where crops are shifted from irrigated to dryland status or vice versa changing the amount of carbon sequestered in the soil, the emissions from water pumping and the mix of fertilizers employed as well as other sources of GHGs emissions.
· Livestock strategies involving

· Herd size alteration where reducing the number of, for example, cattle across the landscape would reduce emissions from enteric fermentation and manure management as well as crop demand and the portfolio of crop-based emissions.

· Livestock production system change where one alters the ways in which livestock are produced by changing the mix of species, feeding practices, manure handling systems etc. thereby altering the total mix of livestock and potentially crop-based emissions.
These broader strategies do not easily lend themselves to example calculations as done for the more definitive strategies above but are part of the calculations of economically viable changes for a given price that are included in the analytical evaluation below. 
5.2 Biofuel Offsets 

Biofuel production arising from the use of animal, plants and tree products grown on agricultural lands (hereafter called biofeedstocks) can provide a GHG offset as well as an energy commodity.  In turn this source of energy may partially alleviate some of today's concerns about trade deficits, energy security, reliance on imported oil, and rising energy prices.  
Biofeedstocks can be used as inputs to the production of electrical energy, ethanol or biodiesel.  The biofeedstocks we consider are listed in Table 2 and include corn, sorghum, wheat, rice, sugar cane, crop residues, switch grass, poplar, willow, manure, corn oil and soybean oil.  

In terms of the GHG emissions, biofuel based biofeedstock usage mitigates GHG emissions because their usage displaces GHG emissions from coal and oil.  Biofuels essentially embody carbon recycling where atmospheric carbon dioxide is taken up by plants then released when the biofuels are combusted or electricity is generated. . Fossil fuel use, on the other hand, releases virtually 100% of the contained carbon that was formed over millions of years.  
One issue that arises with biofuels, however, is the amount of petroleum, coal, natural gas, electrical and other energy that is used in raising, transporting, and transforming the biofeedstock into energy.  This energy use will result in GHG emissions.  Consequently, the net GHG contributions of a biofuel depend upon the amount of fossil fuel used in its production not only on the carbon in the products replaced by the biofuel.  Estimates of the offset, as a percentage of the average emissions from the competing fuel are in Table 2. These are based on lifecycle accounting and are dependent on the feedstock and the type of energy into which it is transformed. 
	
	Ethanol
	Electricity
	Biodiesel

	Bio feedstock
	
	
	

	Corn
	43
	
	11

	Soybeans
	
	
	96

	Sorghum
	45
	
	

	Barley
	43
	
	

	Oats
	39
	
	

	Rice
	12
	
	

	Soft White Wheat
	42
	
	

	Hard Red Winter Wheat
	41
	
	

	Durham Wheat
	39
	
	

	Hard Red Spring Wheat
	42
	
	

	Sugar
	28
	
	

	Switchgrass
	81
	87
	

	Hybrid Poplar
	72
	89
	

	Willow
	74
	94
	

	Softwood Log Residue
	68
	91
	

	Hardwood Log Residue
	69
	91
	

	Bagasse
	86
	95
	

	Corn Residue
	84
	91
	

	Wheat Residue
	79
	88
	

	Sorghum Residue
	73
	76
	

	Barley Residue
	56
	64
	

	Rice Residue
	55
	62
	

	Softwood Mill Residue
	76
	95
	

	Hardwood Mill Residue
	76
	95
	

	Manure
	
	91
	


Table 2. Percentage offset in carbon dioxide equivalent emissions from the usage of a biofeedstock.
For example the 43% for corn-based ethanol is the carbon reduction relative to using gasoline.  Behind this estimate is a lifecycle accounting that indicates 57% of the potential emissions savings from replacing the gasoline by ethanol are offset by the emissions from the use of fossil fuels in transforming the corn into ethanol.  On the other hand, many of the electricity based technologies use relatively little fossil fuel, mostly in transporting the products to the power plant and so the carbon credit is on the order of 90%.
In turn, suppose we compute the GHG based revenue per acre at alternative carbon dioxide equivalent prices we get the results in Table 3.  Notice that in forming these estimates we consider the carbon offsets that would be produced by the derivative biofuels per acre, along with the hauling and transformation emissions to either get the biofuel feedstock to the point where it is either 

· Comparable with coal for electricity generation or 
· Transformed into ethanol/biodiesel.

Table 3.  Returns per acre for various biofeedstocks, based on the associated carbon dioxide emissions reductions valued at carbon dioxide prices of $10 and $30 per metric ton without consideration of transformation cost. 
	
	
	-- $10 per ton carbon dioxide --
	-- $30 per ton carbon dioxide --

	
	
	Electricity
	Ethanol
	Biodiesel
	Electricity
	Ethanol
	Biodiesel

	Softwood
	
	13.85
	4.03
	
	41.55
	12.08
	

	Hardwood
	
	21.72
	7.13
	
	65.16
	21.4
	

	Corn residue
	11.24
	5.61
	
	33.73
	16.83
	

	Wheat residue
	5.50
	1.85
	
	16.50
	5.54
	

	Sorghum residue
	4.32
	2.41
	
	12.96
	7.22
	

	Barley residue
	3.87
	1.28
	
	11.61
	3.85
	

	Rice residue
	1.84
	0.78
	
	5.53
	2.35
	

	Corn wet milled
	
	15.00
	
	
	45.01
	

	Corn dry milled
	
	16.51
	
	
	49.53
	

	Sorghum
	
	
	12.27
	
	
	36.81
	

	Barley
	
	
	5.83
	
	
	17.5
	

	Oats
	
	
	4.16
	
	
	12.48
	

	Rice
	
	8.17
	
	
	24.51
	

	Wheat
	
	
	5.63
	
	
	16.87
	

	Sugar
	
	
	46.33            
	
	
	139.00
	

	Manure
	
	7.61
	
	
	22.82
	
	

	Soybean Oil 
	
	
	12.74
	
	
	38.22

	Corn Oil
	
	
	
	6.33
	
	
	18.98


*Manure data are value of offsets per ton of manure.

These estimates do not take into account the value of the energy commodity produced or the cost of producing it, although we will do that later in the paper.  Naturally one also must realize that biofeedstock production involves diverting cropland acreage from conventional agricultural production and thus faces an opportunity cost for the value of land and other resources in producing conventional crops.   Consequently, these income estimates should be regarded as changes in gross rather than net income.

Another factor also enters into the economics.  In particular, if the price of coal, gasoline or biodiesel increases substantially then returns per acre would shift up by the net implied ethanol or electricity production times the increased price.

5.2.1 Sequestration

Croplands often emit carbon dioxide as a result of traditional or conventional tillage practices and other soil disturbances.  Soils containing organic material that would otherwise be protected by vegetative cover are exposed through conventional tillage practices and the carbon there is released through accelerated rates of oxidization and decomposition (Lal et al. 1998 XE “Lal et al. 1999” ). This carbon loss can be reduced or turned into net sequestration by increasing the rate of carbon inputs to the soil, slowing decomposition, or some combination of these.  Adopting conservation tillage practices, changing the overall land and crop management, or retiring marginal lands from production are practices that reduce carbon loss and can lead to net sequestration.    
Current estimates for carbon dioxide gains from conservation tillage range from about 0.4 to 1.1 metric tons/carbon dioxide/acre/yr (West and Post 2002 XE “West and Post 2002” , Lal et al. 1998 XE “Lal et al. 1999” ) with the West and Post average being essentially 0.83 tons carbon dioxide gain per acre per year.  Thus

· At a $10 carbon price this equates to $ 8.30 per acre across potentially much of the 330 million acre cropland inventory.  
· At a price of $30 this rises to $24.90 per acre.

Additional production costs and possible revenue losses would be incurred in adopting conservation tillage.  There is a need to acquire alternative farm implements, and potentially increase pest/weed treatments while in some cases the yields would decrease.  Energy costs however would be reduced.  Experience with these practices also suggest that adopting them requires more careful management and leads to increased risk at least in the period shortly after initial adoption.
Land-use change to grasslands or forests has a somewhat higher carbon dioxide sequestration rate.  Namely, the estimated potential for afforestation falls in a range around 3.7 tons carbon dioxide equivalent per acre and the grassland conversion estimates fall around 1.8 tons (Lal et al, 1998).  Thus, adoption of the conservation tillage returns somewhere in the neighborhood of

· $37 per acre for a forest conversion and $18 dollars for a grassland conversion at a $10 carbon price across some part of the 330 million acre cropland inventory.  
· At $30 this rises to a $111 per acre for afforestation and $54 for grassland conversions.

There are opportunity costs of lost agricultural production when diverting cropland from conventional agricultural uses and costs of establishing forest or grassland cover.   Consequently, these estimates again give the gross revenue from carbon credit sales rather than estimates of increases in net income.

5.2.1.1 Duration/Saturation/Sustainability
An issue that should be mentioned while considering agricultural sequestration involves the time path of carbon dioxide sequestered into the soil.  In particular, West and Post (2002 XE “West and Post (2002” ) suggest that carbon accumulation after adoption of conservation tillage typically occurs for 15 to 20 years and then ceases with no additional gains in carbon dioxide.  In the literature this is often called saturation, while others refer to it as approaching a new equilibrium (West and Six, 2006).  West and Post also report that after conversion to grasslands carbon dioxide continues to accumulate carbon for a considerably longer time period (up to 50 years).  Birdsey (1996) shows that, in the absence of forest harvest, gains in Southern forest carbon continue for about 80 years with forest carbon then stabilizing. In all three of these cases the sequestered carbon is quickly lost if the land-use change is reversed.  

Thus, there are issues when considering sequestration strategies about the length of time for which sequestration gains persist, and the sustainability of the gains if the land-use change is ever reversed.  For example, it likely only makes much sense to undertake these practices if they are maintained for a period of at least decades.  If the practices require a substantial initial investment, then the land-owner faces uncertainty about future carbon prices, the actual rate of sequestration they will achieve, and the future value of alternative uses of the land.  If they get paid up front for planned sequestration, the issue arises of what payment would be appropriate and what would happen if the actual amount sequestered fell short of the planned amount, perhaps because of fire, drought, or other natural disaster.  Finally, there is the issue of what limitations, penalties, or liability a farmer or people who later buy the land would face with regard to changing the practice and thereby releasing back to the atmosphere much of the carbon that had been stored.   
6 Setting up for quantitative mitigation analysis
Now we turn to a quantitative assessment of how US agriculture might be affected by opportunities for GHG mitigation, and biofuel production in association with energy price increases.  Specifically, we examine agricultural sensitivity to variations in 

· Carbon dioxide equivalent GHG emissions rights prices. 

· Liquid fuel and coal prices.  

In describing this analysis we discuss 

· How the results were generated.
· The carbon dioxide and energy price assumptions we use.
· Data on agricultural GHG mitigation potential.
· Results including effects on the economy, market production and prices, trade, and environmentally related aspects of agriculture such as changes in soil erosion. 
6.1 Basic analytical approach
Large-scale GHG trading seems likely to emerge in the near future but has not been an opportunity historically.  As such its full implications cannot be observed in today's world.  Consequently, we employ procedures that simulate the effects of carbon dioxide equivalent prices and higher energy prices.  In doing this we follow a number of previous studies and use an agricultural sector simulation model.  Namely, we follow studies on how 

· Agriculture might modify production patterns in the face of GHG mitigation alternatives as in Adams et al. (1993), Callaway and McCarl (1996), McCarl and Schneider (2001), Antle et al. (2001), Lewandrowski et al (2004), Lee et al (2005) and US EPA(2005); 
· Agriculture might alter production patterns in the face of higher energy prices as analyzed in Francl (1997), McCarl, Gowen and Yeats(1997), USDA Chef Economist (1999), Antle et al (1999), Konyar and Howitt(2000), and Schneider and McCarl (2003, 2005); and  

· Agriculture might react to biofuel activities Tyner et al (1979), McCarl et al (2000), Schneider and McCarl (2005), Lee et al (2005) and US EPA (2005). 

6.1.1 Analysis requirements

The agriculture sector is complex and highly interrelated.  Previous analyses reveal a number of features that are needed in any analytical approach to reasonably assess GHG mitigation potential.  Among these are  
· Multiple gases arising from agricultural activities, 
· How undertaking one mitigation activity affects other mitigation options, 
· Environmental co-benefits of GHG mitigation, 
· Market/welfare implications, and 
· Different offset rates for different mitigation activities based on their effectiveness in reducing carbon emissions.  
The way that each of these issues is addressed in the modeling work is briefly addressed below.

Multiple gas implications. GHG mitigation practices and strategies in agriculture independently and jointly impact emissions of carbon dioxide, nitrous oxide, and methane.  To compare these different gases that each have different climate effects100 year GWPs will be used to put them in common, carbon dioxide-equivalent terms.  

Mitigation alternative interrelatedness. Actions that influence, for example, the quantity of livestock produced also influence crop demand, and land allocation which in turn influences the carbon sequestered on crop lands, the nitrous oxide released when fertilizers are used and the methane emitted from livestock production.  This interdependence needs to be accounted for in order to understand the full implications of any mitigation strategy.  At the simplest level, for example, if wheat or corn land is converted to switchgrass or to a grass cover crop, then it is no longer available for converting to conservation tillage.  This study utilizes an analytical approach that simultaneously depicts crop and livestock production, the feeding of crop products to livestock, grazing, product substitution, and competition for land, among other factors across the agricultural sector.

Co-Benefits. Agricultural mitigation alternatives are frequently cited as win-win approaches as a number of the strategies generate GHG offsets while at the same time as achieving environmental quality gains in terms of reduced erosion and improved water quality.  This study will try to develop quantitative information on the magnitude of such effects.
Market/welfare implications.  US agriculture produces large quantities of a number of commodities relative to domestic needs and total global market volume.  Variation in US production influences prices in these markets.  Thus it is possible that US GHG mitigation policies will also affect domestic and world market prices along with the welfare of producers and consumers in those markets.  The analytical approach used here includes a representation of domestic agricultural markets and their links to foreign markets.
Differential offset rates.  Agricultural strategies exhibit substantially different GHG offset rates.   For example, tillage changes produce about 0.84 metric tons of carbon dioxide offsets per acre while still producing crops.  Biofuel energy crops can produce offset rates above 2.5 tons, but with no complementary crop production.  At low GHG prices, complementary production is likely to be favored.  The model-based approach used here will be used to simulate agricultural effects across a continuum of carbon dioxide prices, thus showing the conditions under which different mitigation strategies dominate.
6.1.2 Modeling Approach
The approach used to address the issues identified above is to simulate the agricultural sector in a model.  We use the agricultural part of the Forest and Agricultural Sector Optimization Model (hereafter referred to as FASOMGHG, Adams et al (2005)).  This model has greenhouse gas accounting unified with a detailed representation of the possible mitigation strategies in the agricultural sector as adapted from Schneider (2000), Lee (2002) and McCarl and Schneider (2001) in addition to a number of recent updates that have improved the depiction of biofuel production possibilities.  

Geographic scope.  The FASOMGHG agricultural sector representation divides the US into 63 regions in the 50 contiguous US states with sub state breakdowns in Texas, Iowa, Indiana, Illinois, Ohio and California.  
Links to international markets. The model uses constant elasticity functions for domestic and export demand as well as factor and import supply.  

Product scope. The  SEQ CHAPTER \h \r 1FASOMGHG agricultural component simulates production of the crop, livestock, energy crop, residue, crop processed, livestock, mixed feed and bioenergy commodities listed in Table 4.

Table 4: Modeled Agricultural Sector Commodities

	Primary Products 

	· Crops: Cotton, Corn, Soybeans, Soft White Wheat, Hard Red Winter Wheat, Durham Wheat, Hard Red Spring Wheat, Sorghum, Rice, Oats, Barley, Silage, Hay, Sugarcane, Sugar beets, Potatoes, Tomatoes For Fresh Market, Tomatoes For Processing, Oranges For Fresh Market, Oranges For Processing, Grapefruit For Fresh Market, Grapefruit For Processing

	· Animal Products: Grass-Fed Beef For Slaughter, Grain-Fed Beef For Slaughter, Beef Yearlings, Calves For Slaughter, Steer Calves, Heifer Calves, Beef Heifer Yearlings, Beef Steer Yearlings, Cull Beef Cows, Milk, Dairy Calves, Dairy Steer Yearlings, Dairy Heifer Yearlings, Cull Dairy Cows, Hogs For Slaughter, Feeder Pigs, Cull Sows, Lambs For Slaughter, Lambs For Feeding, Cull Ewes, Wool, Unshorn Lambs, Mature Sheep, Horses/Mules, Eggs, Broilers, Turkeys

	· Biofuels: Willow, Poplar, Switchgrass 

	· Crop and Livestock Residues: Corn Residue,  Sorghum Residue,  Wheat Residue,  Oats Residues, Barley Residues,  Rice Residues, Manure

	Secondary Products 

	· Crop Related: Orange Juice, Grapefruit Juice, Soybean Meal, Soybean Oil, High Fructose Corn Syrup, Sweetened Beverages, Sweetened Confectionaries, Sweetened Baked Goods, Sweetened Canned Goods, Refined Sugar, Gluten Feed, Starch, Distilled Dried Grain, Refined Sugar, Bagasse, Corn Oil, Corn Syrup, Dextrose, Frozen Potatoes, Dried Potatoes, Potato chips, Lignin, Starch                                       

	· Livestock Related: Whole Fluid Milk, Low Fat Milk, Grain-Fed Beef, Grass-Fed Beef, Pork, Butter, American Cheese, Other Cheese, Evaporated Condensed Milk, Ice Cream, Non-Fat Dry Milk, Cottage Cheese, Skim Milk, Cream, Chicken, Turkey, Clean Wool

	· Mixed Feeds: Cattle Grain, High-Protein Cattle Feed, Broiler Grain, Broiler Protein, Cow Grain, Cow High Protein, Range Cubes, Egg Grain, Egg Protein, Pig Grain, Feeder Pig Grain, Feeder Pig Protein, Pig Farrowing Grain, Pig Farrowing Protein, Pig Finishing Grain, Pig Finishing Protein, Dairy Concentrate, Sheep Grain, Sheep Protein, Stocker Protein, Turkey Grain, Turkey Protein 

	· Biofuels: Mtbtus Of Power Plant Input, Ethanol, Market Gasoline Blend, Substitute Gasoline Blend, Biodiesel


Land Transfers.  Within the agricultural component there are period by period land transfer possibilities involving land from: (1) cropland to pasture; and (2) pasture to cropland.  Costs for converting pasture reflect clearing, land grading, drainage installation and other factors.

Agricultural Management.  Agricultural output is produced using land, labor, grazing, and irrigation water.  Once commodities enter the market, they can go to livestock use, feed mixing, processing, domestic consumption, or export.  Imports are also represented.  The model structure incorporates the ASM model described by Chang et al. (1992).

GHG Mitigation Options.  Direct GHG mitigation options are those discussed in Schneider (2000) and added bioenergy features discussed below. 
Biofuel production and use.  Multiple biofeedstocks are represented including conventional crops (e.g. corn, rice, wheat, sorghum, sugarcane), crop residues (e.g. corn stover, wheat straw, rice straw), energy crops (switchgrass, poplar, willow), crop oils (corn oil, soybean oil), manure, and processing byproducts (bagasse, tallow, yellow grease).  These biofeedstocks can then variously be used to produce electricity, ethanol from starches as sugars, ethanol from cellulosic material, and biodiesel.  Biofuel market penetration is limited by need and facility expansion capability.  Need for biofuel electricity is limited by EIA data on plant needs and obsolescence.  Ethanol production is assumed to be limited to grow by no more than 1 billion gallons per year due to limits on time to build plants and availability of construction resources.. 
In this analysis, FASOMGHG is used to simulate the national aggregate response to GHG incentives (prices or GHG mitigation targets) and energy prices.  It projects the most cost-effective mitigation opportunities at the national and regional levels.  The GHG mitigation activities in FASOMGHG are accounted for as changes from a zero carbon price business-as-usual baseline.  Thus, the mitigation results reported here are additional to projected baseline activity and GHG emission or sequestration levels.  FASOMGHG also reports some non-GHG environmental co-effects (such as changes in non-point loadings of nitrogen and phosphorous from agriculture) for a more complete analysis of mitigation outcomes. 

6.2 Carbon Dioxide and Energy Price Scenarios
The scenarios require prices for GHG offsets and energy. Future GHG prices are highly uncertain.  In early spring of 2006 prices in Europe generated by the European Emissions Trading System, after adjustment into US currency, were in the neighborhood of $34 per metric ton of carbon dioxide equivalent.  This price fell to about $10 per ton in early May, but rose again to nearly $20 by late May.  Estimates of prices under the US GHG emission limits implied by the McCain Lieberman bill center around $10 per ton carbon dioxide equivalent.  The Chicago Climate Exchange which is a limited US based experiment in GHG emissions trading reports prices in the neighborhood of $1-$3 per ton.  The price that can be realized by most farmers (excepting those in tight niche markets influenced by experimental approaches toward GHG mitigation) is $0 per ton.  No national US cap and trade system is in place and so there is no formal carbon market in the US, and the European ETS has no provisions that would allow US farmers to sell credits into that market.  To capture the broad range of possible carbon dioxide prices farmers may face in the near future we use examine prices ranging from $0 to $100 per ton carbon dioxide equivalent with the most detail in the range of $0 to $50.

In terms of energy FASOMGHG uses the year 2001 as a base condition with a $0.96 per gallon producer level price for gasoline.  However since 2001 there's been a substantial gasoline price rise with today's producer price (not the pump price, but rather the price that would be paid to someone who blended ethanol with gasoline to form something like E85) falling somewhere in the range between of $1.50 and $2.00 per gallon.  Future prices remain uncertain and in order to examine a reasonable range we look at per gallon prices of $0.96, $1.40, $2.00 and $2.50.  We also vary coal prices which have not changed much recently but for completeness of analysis we examine the current price which is around $25 per ton plus a doubling up to $50 per ton.  

7 Results for Agricultural Implications of Mitigation
Now we turn our attention to the results of a quantitative analysis of agricultural mitigation activities.  The analysis is conducted by running the model over a 30 year time horizon in five-year time steps starting with 2000 which really depicts the year 2001.  
7.1  Overall GHG Mitigation

One aspect of GHG mitigation is that different strategies for abatement have different time profiles regarding when that abatement will occur.  This is true in comparing individual abatement strategies, such as establishing grass cover versus abating emissions of methane from a manure lagoon.  A useful way to summarize different abatement quantities over time is to report an annualized reduction rate.  We do this by applying a discount rate of 4% per year.  Since we are assuming for sake of simplicity that in these scenarios the carbon dioxide price is constant over time, this is equivalent to applying the discount rate to physical tons.  The annualized abatement amount is thus best thought of as a weighted annual average where, as a result of discounting, reductions in the near term have a higher weight than those further in the future.  This is useful as a simple yardstick for comparing different time profiles of abatement.  However, if a policy is written to limit borrowing of credits from prospective future reductions (as has been the case in proposed mitigation strategies) then the time profile of reductions also matters.
7.1.1 Annualized GHG Mitigation 
Table 5 presents annualized abatement results, providing the potential magnitude of the offsets that could arise from agriculture under alternative gasoline/coal prices and carbon dioxide prices.  For the base level energy prices, annualized net emission reductions range from 36 million metric tons carbon dioxide equivalent up to 1200 million metric tons depending on the carbon dioxide price as it varies from $1 to $100 per ton.  Higher gasoline prices increase the contribution at lower carbon prices.  A wholesale gasoline price of $2.50, compared to a base of $0.96, without any carbon price, generates an annualized 119 million metric tons of carbon dioxide equivalent reduction.  The total potential GHG payments would be as large as $120 billion in net present value terms.  A higher coal price could also make agricultural abatement more competitive, raising the annualized quantity.  Figure 1 presents these results graphically.  Note here that the effects due to alternative gasoline or coal prices wash out as the carbon dioxide offset price becomes large enough to dominate but that higher energy prices stimulate some of the activities that would occur at higher carbon dioxide offset prices.
For perspective one should note that the volume of these offsets is large.  Given the growth in the economy since 1990, and the Kyoto target for the US of 93% of 1990 emissions, the reduction required from 2003 emissions levels to meet this target would have been 1,400 MMT.  Thus, these estimates suggest that over 85% of the entire amount could be achieved within the agricultural sector annually at a price of $100 ton carbon dioxide. Of course, this large supply of credits would tend to reduce the price one would see if these credits were not allowed.  It would substantially reduce the reduction of energy emission reductions required to meet the target, and the market potential for agriculture would be not quite as lucrative as if one took the forecasted carbon dioxide price as given based on studies of only the energy sector as is often done. 
Table 5 Annualized GHG Net Emission Reduction in Million Tons carbon dioxide Equivalent

	 
	
	-------------------- carbon dioxide Price  in $/ metric ton ------------------

	Gasoline Price

in $/Gallon
	Coal Price in $/Ton
	0
	1
	5
	10
	20
	30
	50
	100

	0.94
	24.68
	
	36 
	102 
	253 
	373 
	703 
	996 
	1202 

	1.42
	24.68
	67 
	80 
	145 
	218 
	411 
	782 
	1038 
	1207 

	2.00
	24.68
	91 
	103 
	168 
	218 
	455 
	803 
	1049 
	1209 

	2.50
	24.68
	119 
	133 
	180 
	224 
	490 
	823 
	1070 
	1214 

	0.96
	49.36
	270 
	308 
	389 
	438 
	530 
	788 
	1027 
	1202 
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Figure 1 Magnitude of total Net GHG Emissions reduction
7.1.2 GHG Mitigation Over Time

The GHG offset results may also be looked at as they change over time.  Figure 2 shows such results for the $1.42 gasoline, base coal and a $30 carbon dioxide price.  In this case, the major elements employed are agricultural soils, and biofuels for electricity.  The agricultural soils do not grow after the initial time period while the biofuel from electricity grows over time.  In addition there is substantial growth in cellulosic ethanol and biodiesel. 
One aspect of this time profile is that the most significant contributions from agriculture may take some time to develop, and so a policy that applies to the near term such as a 5-year commitment period of 2008-2012 as in the Kyoto Protocol, may not be able to take advantage of this longer term agriculture potential.
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Figure 2:  Time dependency of GHG offsets for the $1.42 gasoline, base coal price and $30 per ton carbon dioxide offset price. 
7.2 Offset strategies employed

We next turn our attention how the contributions of different GHG mitigation strategies change as prices (carbon dioxide, ethanol, and biofuel powered electricity) change.  Figure 3 shows the national GHG mitigation summary as a function of the carbon dioxide and gasoline prices.  These results show that at 
· low gasoline and carbon dioxide prices the predominant strategies involve agricultural soil sequestration 
· low gasoline but higher carbon dioxide prices the results are dominated by biofuel fired electricity. 
A number of the other strategies are employed but their contributions are generally small as detailed in table 6.
The main result of higher gasoline prices is to make the ethanol production technologies, and to a smaller extent biodiesel, larger contributors although their contribution is limited by lower offset rates and the ability to build new refineries.  In addition, the contribution of biofuel-based electricity is slightly reduced.  
The results also show that increased gasoline prices can cause a reduction in carbon dioxide emissions even at a zero carbon dioxide price.  Higher gasoline prices, overall, can have a powerful effect by stimulating production of biofuels, while without higher gasoline prices, the carbon dioxide price has a powerful effect on bio-based electricity.\

Figure 4 shows similar results for alternative coal prices and shows the dominance of biomass based electricity and agricultural soil sequestration.  The main result of the higher coal prices is to see more biomass based electricity being stimulated at the lower carbon dioxide offset prices.  It does not increase the bio-based electricity contribution very much at higher carbon dioxide prices.  Table 7 provides these results in tabular form.
Across all these runs an important finding involves the portfolio composition between biofuels and agricultural soil sequestration.  In particular, at low prices agricultural soil sequestration is the predominant strategy as sequestration can be enhanced by changes in tillage practices that are largely complementary with existing production.  However, as carbon dioxide equivalent offset prices get higher then a land use shift occurs.  Namely land tends to shift out of traditional production into biofuel strategies.  As a consequence, the gains in sequestration effectively cease, topping out the potential for agricultural soil carbon sequestration.  This shift occurs as a result of higher gasoline, coal, or carbon dioxide equivalent offset prices, any of which stimulates a shift of land to biofuels.

The other major result involves the relative shares of cellulosic and grain/crop based ethanol.  At low carbon prices when the gasoline price is high enough the results are dominated by grain/crop based ethanol production but as prices get higher celluosic ethanol production dominates.  This is largely due to GHG efficiency.

Figure 3:  GHG Mitigation Strategy Use For Alternative Gasoline and Carbon Dioxide Prices
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Figure 4:  GHG Mitigation Strategy Use For Alternative Coal and Carbon Dioxide Prices



Panel
a
Coal Price $24.68 / ton

Panel
b
Coal Price $49.36 / ton

[image: image8.png]GHG Price per ton CO2

Graph of NPV GHG Mitigation in Million tons for Gas 0.94 and Coal 24.68

100
20
30
70
60
50

40 AgSoila ——

AgNonCo2a ———

30 AgFossila ——

Biof-grain-ethanola ———

20 Biof-cell-ethanola ——

Biof-electricitya ——

10 Biof-biodiesela ——

0 AllTotala ——

-200 0 200 400 600 300 1000 1200

NPV Quantity of Mitigation

1400



[image: image9.png]Graph of NPV GHG Mitigation in Million tons for Gas 0.94 and Coal 49.36

100
20
30
g 0
o
g 60
5
& 50
o
E
£ 40 AgSoila ——
o AgNonCo2a ———
g 30 AgFossila m——
Biof-grain-ethanola ———
20 Biof-cell-ethanola ——
Biof-electricitya ——
10 Biof-biodiesela ——
0 AllTotala ——
-200 0 200 400 600 300 1000 1200 1400

1451.68, 111.594 NPV Quantity of Mitigation




Table 6 
Annualized GHG Net Emission Reduction by Strategy in Million Tons carbon dioxide Equivalent relative to the base at a zero carbon dioxide price for Alternative Gasoline and Carbon Dioxide Prices with Coal Price Held Constant at $24.68 per ton
Panel A 
Results for Base Gasoline Price of $ 0.94 per gallon
	
	
	
	
	
	
	
	
	

	                carbon dioxide price 
	0
	1
	5
	10
	20
	30
	50
	100

	        Ag Soil Sequestration 
	
	12.6 
	59.9 
	80.2 
	85.9 
	93.1 
	95.6 
	95.4 

	        Ag Non Carbon dioxide 
	
	0.9 
	3.6 
	2.5 
	3.8 
	8.0 
	20.5 
	77.2 

	        Ag Fuel Use Emissions 
	
	
	0.6 
	2.2 
	4.4 
	5.5 
	6.4 
	7.2 

	        Ethanol from grains 
	
	
	
	
	
	
	1.9 
	8.4 

	        Ethanol - Celluosic 
	
	
	
	
	
	
	32.8 
	55.3 

	        Biofuel Electricity 
	
	4.6 
	19.7 
	140.7 
	244.9 
	554.8 
	779.1 
	850.1 

	        Biofuel Biodiesel 
	
	17.8 
	17.9 
	26.9 
	34.0 
	41.2 
	58.9 
	108.3 

	        Ag Miscellaneous 
	
	
	
	0.2 
	0.4 
	0.5 
	0.5 
	0.5 

	        Grand Total
	
	35.9 
	101.7 
	252.6 
	373.4 
	703.1 
	995.7 
	1202.3 


Panel B 
Results for Gasoline Price of $1.42 per gallon

	                carbon dioxide price 
	0
	1
	5
	10
	20
	30
	50
	100

	        Ag Soil Sequestration 
	3.3 
	10.4 
	60.5 
	79.1 
	86.0 
	91.2 
	93.4 
	94.6 

	        Ag Non Carbon dioxide 
	0.3 
	0.8 
	3.3 
	4.2 
	5.5 
	8.7 
	22.4 
	78.0 

	        Ag Fuel Use Emissions 
	-0.2 
	-0.1 
	0.4 
	1.3 
	4.3 
	5.8 
	6.7 
	7.7 

	        Ethanol from grains 
	34.6 
	35.0 
	36.1 
	36.7 
	24.5 
	9.7 
	7.7 
	9.4 

	        Ethanol - Celluosic 
	
	0.1 
	0.1 
	0.1 
	10.4 
	53.2 
	56.6 
	53.5 

	        Biofuel Electricity 
	
	4.7 
	12.6 
	62.2 
	240.5 
	558.6 
	774.1 
	848.3 

	        Biofuel Biodiesel 
	29.0 
	29.5 
	32.3 
	34.4 
	40.1 
	54.5 
	76.8 
	114.7 

	        Ag Miscellaneous 
	-0.2 
	-0.2 
	-0.2 
	-0.1 
	0.2 
	0.4 
	0.4 
	0.5 

	        Grand Total
	66.7 
	80.1 
	145.2 
	217.8 
	411.4 
	782.1 
	1038.2 
	1206.8 


Panel C 
Results for Gasoline Price of $2.00 per gallon

	                carbon dioxide price 
	0
	1
	5
	10
	20
	30
	50
	100

	        Ag Soil Sequestration 
	8.7 
	16.1 
	65.0 
	77.9 
	86.1 
	90.1 
	91.7 
	92.9 

	        Ag Non Carbon dioxide 
	1.7 
	2.5 
	5.5 
	7.0 
	5.2 
	12.6 
	24.4 
	78.0 

	        Ag Fuel Use Emissions 
	2.1 
	1.6 
	2.3 
	2.8 
	5.5 
	7.2 
	7.1 
	7.9 

	        Ethanol from grains 
	41.3 
	41.3 
	41.3 
	41.1 
	25.9 
	2.9 
	8.7 
	10.2 

	        Ethanol - Celluosic 
	0.1 
	0.1 
	0.1 
	0.5 
	26.1 
	64.6 
	54.9 
	52.2 

	        Biofuel Electricity 
	-0.7 
	2.6 
	9.7 
	38.6 
	250.6 
	546.5 
	769.2 
	847.5 

	        Biofuel Biodiesel 
	38.3 
	39.1 
	44.2 
	50.4 
	55.5 
	78.2 
	92.2 
	119.6 

	        Ag Miscellaneous 
	-0.3 
	-0.3 
	-0.3 
	-0.2 
	0.2 
	0.4 
	0.4 
	0.5 

	        Grand Total
	91.1 
	103.1 
	167.8 
	218.0 
	455.1 
	802.5 
	1048.7 
	1208.8 


Panel D 
Results for Gasoline Price of $2.50 per gallon

	                carbon dioxide price 
	0
	1
	5
	10
	20
	30
	50
	100

	        Ag Soil Sequestration 
	15.7 
	23.1 
	55.5 
	75.6 
	85.2 
	89.2 
	91.0 
	92.4 

	        Ag Non Carbon dioxide 
	4.0 
	4.9 
	7.3 
	9.0 
	8.1 
	15.6 
	25.0 
	78.9 

	        Ag Fuel Use Emissions 
	4.3 
	4.5 
	4.3 
	4.1 
	6.2 
	7.7 
	7.5 
	8.2 

	        Ethanol from grains 
	41.3 
	41.3 
	41.3 
	41.1 
	21.9 
	5.6 
	10.0 
	11.8 

	        Ethanol - Celluosic 
	0.1 
	0.1 
	0.1 
	0.4 
	32.8 
	60.0 
	52.6 
	49.6 

	        Biofuel Electricity 
	-1.2 
	2.0 
	8.4 
	27.1 
	255.7 
	551.3 
	767.0 
	845.5 

	        Biofuel Biodiesel 
	55.2 
	57.0 
	63.3 
	67.3 
	80.0 
	93.7 
	116.7 
	127.3 

	        Ag Miscellaneous 
	-0.3 
	-0.3 
	-0.3 
	-0.2 
	0.2 
	0.4 
	0.4 
	0.5 

	        Grand Total
	119.2 
	132.7 
	180.0 
	224.4 
	490.0 
	823.4 
	1070.2 
	1214.1 


Table 7 
Annualized GHG Net Emission Reduction by Strategy in Million Tons carbon dioxide Equivalent for Alternative Coal and Carbon Dioxide Prices with Gasoline Price Held Constant at $0.94 per gallon
Panel A 
Results for Base Coal Price of $24.68 per ton
	                carbon dioxide price 
	0
	1
	5
	10
	20
	30
	50
	100

	        Ag Soil Sequestration 
	
	12.6 
	59.9 
	80.2 
	85.9 
	93.1 
	95.6 
	95.4 

	        Ag Non Carbon dioxide 
	
	0.9 
	3.6 
	2.5 
	3.8 
	8.0 
	20.5 
	77.2 

	        Ag Fuel Use Emissions 
	
	
	0.6 
	2.2 
	4.4 
	5.5 
	6.4 
	7.2 

	        Ethanol from grains 
	
	
	
	
	
	
	1.9 
	8.4 

	        Ethanol - Celluosic 
	
	
	
	
	
	
	32.8 
	55.3 

	        Biofuel Electricity 
	
	4.6 
	19.7 
	140.7 
	244.9 
	554.8 
	779.1 
	850.1 

	        Biofuel Biodiesel 
	
	17.8 
	17.9 
	26.9 
	34.0 
	41.2 
	58.9 
	108.3 

	        Ag Miscellaneous 
	
	
	
	0.2 
	0.4 
	0.5 
	0.5 
	0.5 

	        Grand Total
	
	35.9 
	101.7 
	252.6 
	373.4 
	703.1 
	995.7 
	1202.3 


Panel B 
Results for Base Gasoline Price of $49.36 per ton

	                carbon dioxide price 
	0
	1
	5
	10
	20
	30
	50
	100

	        Ag Soil Sequestration 
	1.9 
	14.9 
	66.3 
	84.2 
	92.1 
	96.9 
	97.2 
	97.4 

	        Ag Non Carbon dioxide 
	-13.5 
	-13.1 
	-11.5 
	-9.1 
	-4.7 
	4.6 
	19.0 
	76.4 

	        Ag Fuel Use Emissions 
	2.9 
	3.1 
	3.9 
	4.8 
	6.1 
	5.9 
	6.5 
	7.6 

	        Ethanol from grains 
	
	
	
	
	
	
	2.9 
	8.2 

	        Ethanol - Celluosic 
	
	
	
	
	
	
	31.2 
	55.6 

	        Biofuel Electricity 
	278.3 
	285.3 
	312.7 
	331.5 
	402.5 
	637.8 
	810.9 
	847.9 

	        Biofuel Biodiesel 
	-0.5 
	16.9 
	16.9 
	25.9 
	32.9 
	42.0 
	58.6 
	108.2 

	        Ag Miscellaneous 
	0.5 
	0.5 
	0.6 
	0.6 
	0.7 
	0.5 
	0.6 
	0.5 

	        Grand Total
	269.6 
	307.6 
	388.8 
	437.9 
	529.7 
	787.6 
	1026.9 
	1201.8 


 

7.3 Income effects
So what does this mean for income?  To examine this question we report equivalent measures to the change in income for the US and Foreign parties (producers and consumers) using the standard economic concept of welfare.  The welfare measure consists of producers' net income plus an income equivalent measure of the effect of commodity market price changes on consumers.  These measures summarize the effects of participating in a mitigating market.  We will look at distributional effects across domestic and foreign parties, consumers and producers, and US regions.  There are some important limitations inherent in this welfare analysis, particularly with respect to US consumers.  Notably, FASOMGHG focuses on the agricultural sector and how changes in production of traditional agricultural products affect welfare ignoring the effects of energy and carbon prices on non agricultural goods and the welfare they generate.  Thus, the welfare measures do not include the impact of higher gasoline and coal prices on consumer welfare nor the consumer welfare gains that would result from agricultural supply of GHG offsets or biofuels. 

7.3.1 Domestic/Foreign Effects
Annualized total US agricultural welfare and the aggregation of welfare effects on its trading partners (hereafter called the rest of the world) varies by scenario (Table 8).  The results show that domestic US agriculture gains from mitigation efforts and higher fuel prices. 

These results show cases with substantial annual agricultural welfare gains.  Namely the results illustrate that higher GHG market prices have the potential to increase annual agricultural welfare (ignoring the non agricultural effects) by magnitudes equivalent to the current magnitude of net farm income (somewhere in the neighborhood of $35 billion).  

On the other hand, rest of world interests generally lose across the scenarios.  This occurs because under either higher energy prices or higher GHG offset prices the sector diverts resources that would have gone into conventional crop production into biofuel or GHG mitigation production.  This results in lessened domestic production, lower levels of exports and higher US and world food prices.  The world welfare loss results principally because of rest of world consumer losses due to higher food prices and therefore lower consumption of food.  

Table 8 
US and Rest of World Comparison of Annualized Gain in Welfare in Billion 2000$
	
	Gasoline Price

in $/Gallon
	Coal Price in $/Ton
	0
	1
	5
	10
	20
	30
	50
	100

	United

States
	0.94
	24.68
	
	0.15 
	1.56 
	14.05 
	45.92 
	138.90 
	347.90 
	845.02 

	
	1.42
	24.68
	1.53 
	2.10 
	5.28 
	13.01 
	52.80 
	157.45 
	364.05 
	851.62 

	
	2.00
	24.68
	4.78 
	5.59 
	9.16 
	16.11 
	61.74 
	165.58 
	371.82 
	856.73 

	
	2.50
	24.68
	7.79 
	8.72 
	12.83 
	19.49 
	69.66 
	173.96 
	382.16 
	862.86 

	
	0.96
	49.36
	4.91 
	7.37 
	18.64 
	34.96 
	76.21 
	166.03 
	368.73 
	852.95 

	
	
	
	
	
	
	
	
	
	
	

	Rest

of

the

World
	0.94
	24.68
	
	0.01 
	0.06 
	-0.72 
	-1.66 
	-2.30 
	-2.71 
	-3.36 

	
	1.42
	24.68
	-1.23 
	-1.23 
	-1.41 
	-1.81 
	-2.83 
	-2.84 
	-3.16 
	-3.55 

	
	2.00
	24.68
	-1.99 
	-2.03 
	-2.17 
	-2.45 
	-3.14 
	-3.24 
	-3.67 
	-3.70 

	
	2.50
	24.68
	-2.43 
	-2.50 
	-2.63 
	-2.79 
	-3.41 
	-3.70 
	-3.84 
	-3.89 

	
	0.96
	49.36
	-2.18 
	-2.23 
	-2.44 
	-2.53 
	-2.75 
	-2.39 
	-2.81 
	-3.57 

	
	
	
	
	
	
	
	
	
	
	

	Total Globally
	0.94
	24.68
	
	0.16 
	1.62 
	13.33 
	44.26 
	136.60 
	345.19 
	841.66 

	
	1.42
	24.68
	0.30 
	0.87 
	3.87 
	11.20 
	49.98 
	154.61 
	360.88 
	848.07 

	
	2.00
	24.68
	2.79 
	3.57 
	6.98 
	13.67 
	58.59 
	162.34 
	368.15 
	853.03 

	
	2.50
	24.68
	5.37 
	6.22 
	10.20 
	16.70 
	66.25 
	170.26 
	378.32 
	858.97 

	
	0.96
	49.36
	2.72 
	5.14 
	16.19 
	32.43 
	73.46 
	163.64 
	365.93 
	849.38 


  
7.3.2 Effects across Producers, Processors and Consumers
The above welfare implications give total agricultural welfare changes across all domestic and rest of world parties but not how they are distributed among parties in each class.  The results in Table 9 show how the US effects are distributed across producers, consumers and processors.  Generally these results show that 
· US consumer welfare from agricultural product consumption is generally reduced by mitigation and energy production efforts.  (Note this accounting does not consider the gains that would arise due to the availability of cheaper agriculturally based liquid fuel or electrical power along with the gains that would arise from the reduced need for GHG mitigation by the nonagricultural sectors).  

· US producers gain uniformly because of the price increases and revenue opportunities due to biofuel production and GHG payments.

· US agricultural processors generally gain providing there is a significant GHG offset price and/or a higher gasoline price above $1.40.

· Processor gains are large at high prices representing returns to scarce ethanol and electricity generating capacity.

· Rest of world consumers lose uniformly principally because of reduced access to exported US commodities.

· Rest of world producers gain uniformly principally because of a reduced presence of US commodities in international markets.

Within these categories again there is substantial potential for large increases in net farm income as carbon prices and/or gasoline prices increase.

Table 9 US and rest of world comparison of Annualized Gain in Welfare in million 2000$

	  
	
	
	------------------------ carbon dioxide Price  in $/ metric ton -----------------------

	
	Gasoline Price

in $/

Gallon
	Coal

Price

in $/Ton
	0
	1
	5
	10
	20
	30
	50
	100

	US

Cons
umers
	0.94
	24.68
	
	-112 
	-538 
	-3132 
	-7649 
	-10825 
	-15862 
	-29715 

	
	1.42
	24.68
	-2451 
	-2661 
	-3731 
	-5486 
	-10387 
	-12382 
	-18064 
	-31205 

	
	2.00
	24.68
	-4128 
	-4380 
	-5430 
	-7110 
	-11646 
	-14208 
	-19801 
	-32841 

	
	2.50
	24.68
	-5418 
	-5750 
	-6891 
	-8463 
	-13278 
	-16219 
	-21473 
	-34265 

	
	0.96
	49.36
	-6607 
	-6860 
	-8426 
	-9479 
	-11171 
	-11540 
	-16401 
	-30261 

	US

Prod
ucers
	0.94
	24.68
	
	181 
	1252 
	6300 
	15095 
	27330 
	55992 
	131982 

	
	1.42
	24.68
	3559 
	3887 
	6152 
	9921 
	19782 
	30603 
	57452 
	135030 

	
	2.00
	24.68
	6175 
	6782 
	8606 
	11486 
	20443 
	35206 
	61124 
	137678 

	
	2.50
	24.68
	6698 
	7282 
	9595 
	13049 
	23247 
	41111 
	68375 
	140192 

	
	0.96
	49.36
	10374 
	10842 
	13806 
	16869 
	22975 
	38077 
	60348 
	136424 

	US

Proc
essors


	0.94
	24.68
	
	97 
	950 
	11033 
	38666 
	125045 
	313146 
	739975 

	
	1.42
	24.68
	-1300 
	-924 
	940 
	6751 
	41425 
	139591 
	326356 
	744368 

	
	2.00
	24.68
	2751 
	3319 
	5577 
	10258 
	52071 
	149567 
	332216 
	747897 

	
	2.50
	24.68
	5123 
	5899 
	8605 
	13504 
	61034 
	153440 
	340247 
	752431 

	
	0.96
	49.36
	1229 
	3460 
	13194 
	27472 
	64396 
	150071 
	331083 
	743874 

	For-

eign

Cons-

umers
	0.94
	24.68
	
	2 
	13 
	-1629 
	-3786 
	-5269 
	-6649 
	-10458 

	
	1.42
	24.68
	-2423 
	-2448 
	-2886 
	-3778 
	-6287 
	-6674 
	-8057 
	-11006 

	
	2.00
	24.68
	-3926 
	-4006 
	-4408 
	-5112 
	-7256 
	-8012 
	-9406 
	-11522 

	
	2.50
	24.68
	-4958 
	-5129 
	-5559 
	-6150 
	-8268 
	-9432 
	-10061 
	-12080 

	
	0.96
	49.36
	-4649 
	-4790 
	-5489 
	-5862 
	-6470 
	-5426 
	-6965 
	-11018 

	For-

eign

Prod-

ucers
	0.94
	24.68
	
	9 
	51 
	906 
	2125 
	2967 
	3943 
	7100 

	
	1.42
	24.68
	1197 
	1218 
	1471 
	1964 
	3461 
	3829 
	4895 
	7459 

	
	2.00
	24.68
	1938 
	1980 
	2233 
	2665 
	4114 
	4769 
	5738 
	7824 

	
	2.50
	24.68
	2531 
	2628 
	2932 
	3356 
	4857 
	5731 
	6218 
	8189 

	
	0.96
	49.36
	2465 
	2557 
	3047 
	3329 
	3723 
	3032 
	4160 
	7449 

	Global

Total
	0.94
	24.68
	
	161 
	1622 
	13329 
	44263 
	136602 
	345190 
	841657 

	
	1.42
	24.68
	299 
	867 
	3868 
	11196 
	49976 
	154607 
	360884 
	848069 

	
	2.00
	24.68
	2794 
	3569 
	6983 
	13666 
	58594 
	162336 
	368147 
	853034 

	
	2.50
	24.68
	5365 
	6224 
	10201 
	16697 
	66248 
	170259 
	378315 
	858972 

	
	0.96
	49.36
	2722 
	5138 
	16195 
	32429 
	73464 
	163636 
	365929 
	849382 


7.3.3 Regional Distribution
Yet another result involves the distribution of agricultural income across production regions.  Table 10 shows agricultural producer net income gain by US region. This shows substantial income gains are possible in all agricultural regions.
Table 10 
Annualized regional Gain in Agricultural Producer Welfare in million 2000$ for select gasoline and coal price scenarios                           
	
	
	
	------------------------ carbon dioxide Price  in $/ metric ton -----------------------

	
	Gasoline Price
	Coal Price 
	0
	1
	5.00
	10
	20
	30
	50
	100

	Corn 

Belt
	0.94
	24.68
	
	277 
	1356 
	10328 
	22988 
	39331 
	85565 
	189395 

	
	1.42
	24.68
	6522 
	6200 
	9487 
	16384 
	32372 
	45512 
	87846 
	196674 

	
	2.00
	24.68
	9938 
	10583 
	13977 
	20230 
	31222 
	52581 
	96672 
	204199 

	
	2.50
	24.68
	11836 
	12806 
	16228 
	22579 
	35712 
	58977 
	103660 
	205971 

	
	0.96
	49.36
	14678 
	14984 
	18608 
	23338 
	32338 
	43250 
	85103 
	192006 

	Great

Plains
	0.94
	24.68
	
	530 
	951 
	3043 
	6239 
	14356 
	26966 
	35462 

	
	1.42
	24.68
	3741 
	3795 
	4607 
	6590 
	9623 
	20341 
	33370 
	37623 

	
	2.00
	24.68
	5414 
	5578 
	6452 
	7439 
	9927 
	32128 
	42078 
	43557 

	
	2.50
	24.68
	6638 
	7280 
	8105 
	8961 
	13070 
	44613 
	57475 
	46890 

	
	0.96
	49.36
	9948 
	10207 
	11551 
	13313 
	13603 
	11505 
	17646 
	33431 

	Lake

States
	0.94
	24.68
	
	16 
	245 
	2057 
	5166 
	6428 
	11788 
	23027 

	
	1.42
	24.68
	1905 
	2010 
	2729 
	3823 
	7280 
	8299 
	13249 
	24334 

	
	2.00
	24.68
	2924 
	3059 
	3707 
	4830 
	8112 
	9750 
	13548 
	25854 

	
	2.50
	24.68
	3522 
	3718 
	4560 
	5715 
	9285 
	11083 
	14936 
	27623 

	
	0.96
	49.36
	5665 
	5718 
	6496 
	7039 
	8028 
	6967 
	12584 
	23534 

	Northeast
	0.94
	24.68
	
	110 
	1107 
	1685 
	5978 
	13663 
	34149 
	80725 

	
	1.42
	24.68
	438 
	597 
	1302 
	2170 
	6090 
	11136 
	27995 
	79149 

	
	2.00
	24.68
	540 
	1032 
	1708 
	2624 
	6937 
	14490 
	29091 
	80202 

	
	2.50
	24.68
	915 
	1106 
	1957 
	2894 
	7893 
	18967 
	31791 
	80416 

	
	0.96
	49.36
	2805 
	3089 
	4090 
	5281 
	7315 
	53475 
	40001 
	88615 

	Rocky

Mountains
	0.94
	24.68
	
	203 
	715 
	2672 
	5979 
	9266 
	20638 
	60406 

	
	1.42
	24.68
	977 
	1196 
	2330 
	3818 
	7538 
	10404 
	17854 
	61521 

	
	2.00
	24.68
	968 
	1455 
	2616 
	4006 
	8046 
	11096 
	17235 
	62371 

	
	2.50
	24.68
	1354 
	1681 
	2961 
	4514 
	8642 
	12013 
	18431 
	62749 

	
	0.96
	49.36
	3577 
	3779 
	4938 
	6154 
	8518 
	11109 
	22882 
	60716 

	Pacific

South

west
	0.94
	24.68
	
	230 
	440 
	557 
	725 
	1503 
	2153 
	13282 

	
	1.42
	24.68
	-105 
	-132 
	233 
	653 
	726 
	1107 
	2323 
	13268 

	
	2.00
	24.68
	3503 
	3731 
	2535 
	83 
	839 
	1310 
	2659 
	13334 

	
	2.50
	24.68
	-166 
	-524 
	-174 
	577 
	1013 
	1566 
	2851 
	13857 

	
	0.96
	49.36
	351 
	301 
	546 
	944 
	1279 
	1353 
	17660 
	14870 

	Pacific

North

west
	0.94
	24.68
	
	32 
	166 
	676 
	1934 
	2811 
	5231 
	19165 

	
	1.42
	24.68
	459 
	445 
	691 
	1064 
	2375 
	3207 
	5548 
	19136 

	
	2.00
	24.68
	496 
	538 
	753 
	1083 
	2554 
	3377 
	5689 
	19133 

	
	2.50
	24.68
	530 
	570 
	828 
	1168 
	2614 
	3524 
	5822 
	19190 

	
	0.96
	49.36
	1348 
	1399 
	1819 
	2128 
	2837 
	3325 
	7066 
	21046 

	South

Central
	0.94
	24.68
	
	-53 
	270 
	1912 
	4174 
	8272 
	8609 
	35804 

	
	1.42
	24.68
	1788 
	1963 
	2738 
	4161 
	6869 
	10272 
	10538 
	39089 

	
	2.00
	24.68
	2565 
	2763 
	3823 
	5372 
	8245 
	5876 
	13149 
	39735 

	
	2.50
	24.68
	3431 
	3770 
	4944 
	6596 
	9476 
	13151 
	15596 
	42941 

	
	0.96
	49.36
	3951 
	4162 
	5098 
	5357 
	7755 
	8572 
	8784 
	36320 

	South

east
	0.94
	24.68
	
	39 
	235 
	1048 
	2908 
	3967 
	7560 
	17262 

	
	1.42
	24.68
	652 
	748 
	1130 
	1556 
	3174 
	4453 
	8388 
	17847 

	
	2.00
	24.68
	875 
	1013 
	1346 
	1814 
	3409 
	4540 
	8121 
	18251 

	
	2.50
	24.68
	1021 
	1105 
	1485 
	1999 
	3800 
	4842 
	8506 
	18593 

	
	0.96
	49.36
	2537 
	2645 
	3219 
	3892 
	5442 
	6715 
	9227 
	19295 

	South

West
	0.94
	24.68
	
	106 
	939 
	4916 
	13896 
	26761 
	55955 
	135889 

	
	1.42
	24.68
	1039 
	1276 
	2520 
	5827 
	15285 
	26718 
	58320 
	135797 

	
	2.00
	24.68
	1436 
	1704 
	2932 
	5650 
	14972 
	27567 
	54292 
	129835 

	
	2.50
	24.68
	1749 
	2063 
	3417 
	5671 
	15837 
	28161 
	53388 
	129807 

	
	0.96
	49.36
	3260 
	3719 
	6691 
	10761 
	19149 
	29711 
	58072 
	141444 


7.4 Production, Prices and Trade
Now we examine the effects of responses to energy and GHG offset prices as manifest in agricultural production, prices and international trade.  We will first look at these on a national basis then turn attention to production effects on a regional basis.
7.4.1 National Index Numbers for Production, Prices and Trade
Table 11 gives annualized National Index Numbers across the energy price and carbon dioxide equivalent price scenarios.  The results show that as either set of prices gets larger we have a decline in conventional farm (crop and livestock) production and an increase in agricultural prices.  For example under a $100 carbon dioxide price, production falls to about 84% of that produced in the base case regardless of energy price.  At the same time agricultural price levels are about 150% of their base levels.  We also see a substantial reduction in exports with exports falling by about 55% in the most extreme scenarios.  

The index for total crop production (Table 11) changes very little and even increases.  This caused by the inclusion of energy crops in that statistic.  Grain and soybean production is largely unaffected and can rise under higher energy prices as residues for ethanol and electricity and corn for ethanol are relied upon.  Livestock production is generally decreased due to higher feed prices and the incidence of the offset prices on the costs of livestock production (through manure and enteric fermentation reduction incentives among other factors).  Energy crop production greatly increases with increased carbon dioxide equivalent offset prices.
The overall picture for agricultural producers is that increased demand for bioenergy feedstocks produces a large new source of income especially when energy prices are high.  Farmers shift resources to production of these fuels, and the greater the energy price, the larger the shift.  A major result of this shift is that feed prices are higher and thus livestock production falls substantially.  Higher conventional commodity prices brought on by lessened production also greatly reduces production, as farmers shift attention to the large new domestic demand for bio-energy feedstocks and in turn exports fall.  At lower carbon dioxide and energy prices, carbon sequestration and mitigation of other greenhouse gases, and income derived from sales of these are more important, and have a relatively small negative effect on conventional farm production.
Table 11 Annualized Index Numbers for select gasoline and coal price scenarios
	
	
	
	-------------------- carbon dioxide Price  in $/ metric ton --------------------

	
	Gasoline Price

in $/Gallon
	Coal Price in $/Ton
	0
	1
	5
	10
	20
	30
	50
	100

	Conventional Farm Production


	0.94
	24.68
	100.0 
	99.9 
	99.4 
	98.2 
	95.9 
	94.3 
	91.2 
	83.6 

	
	1.42
	24.68
	100.0 
	99.7 
	99.2 
	98.6 
	96.0 
	94.8 
	91.8 
	83.7 

	
	2.00
	24.68
	100.1 
	100.0 
	99.5 
	98.9 
	96.5 
	94.8 
	91.8 
	83.9 

	
	2.50
	24.68
	100.3 
	100.1 
	99.7 
	99.3 
	96.8 
	94.9 
	92.3 
	84.2 

	
	0.96
	49.36
	98.2 
	98.0 
	97.1 
	96.3 
	95.1 
	94.2 
	91.3 
	83.7 

	
	
	
	
	
	
	
	
	
	
	

	Crop Production


	0.94
	24.68
	100.0 
	100.0 
	99.9 
	99.2 
	98.4 
	97.7 
	97.9 
	98.9 

	
	1.42
	24.68
	101.2 
	101.1 
	100.9 
	101.1 
	99.1 
	98.3 
	98.6 
	99.1 

	
	2.00
	24.68
	101.3 
	101.3 
	101.2 
	101.2 
	98.9 
	97.9 
	98.8 
	99.4 

	
	2.50
	24.68
	101.5 
	101.5 
	101.5 
	101.2 
	99.2 
	98.5 
	99.0 
	99.7 

	
	0.96
	49.36
	97.4 
	97.3 
	97.2 
	96.9 
	96.8 
	97.6 
	97.9 
	99.1 

	
	
	
	
	
	
	
	
	
	
	

	Livestock Production


	0.94
	24.68
	100.0 
	99.8 
	99.2 
	97.8 
	94.9 
	92.9 
	88.6 
	77.3 

	
	1.42
	24.68
	99.5 
	99.3 
	98.6 
	97.7 
	94.8 
	93.4 
	89.1 
	77.2 

	
	2.00
	24.68
	99.7 
	99.5 
	98.8 
	98.1 
	95.6 
	93.6 
	88.9 
	77.3 

	
	2.50
	24.68
	99.9 
	99.6 
	99.0 
	98.6 
	95.8 
	93.5 
	89.6 
	77.5 

	
	0.96
	49.36
	98.6 
	98.2 
	97.1 
	96.1 
	94.3 
	92.9 
	88.6 
	77.2 

	
	
	
	
	
	
	
	
	
	
	

	Quantity Exported


	0.94
	24.68
	100.0 
	99.9 
	99.4 
	93.8 
	86.2 
	80.9 
	71.4 
	47.4 

	
	1.42
	24.68
	91.0 
	90.6 
	88.5 
	86.2 
	78.9 
	74.0 
	65.9 
	45.1 

	
	2.00
	24.68
	84.4 
	84.1 
	81.8 
	78.3 
	72.2 
	69.7 
	61.3 
	43.7 

	
	2.50
	24.68
	77.7 
	77.1 
	75.3 
	72.8 
	68.6 
	64.5 
	48.9 
	42.5 

	
	0.96
	49.36
	86.1 
	86.0 
	84.8 
	83.6 
	79.5 
	79.6 
	70.7 
	46.4 

	
	
	
	
	
	
	
	
	
	
	

	Agricultural Commodity

Price


	0.94
	24.68
	100.0 
	100.0 
	99.9 
	104.2 
	112.3 
	116.8 
	121.5 
	141.2 

	
	1.42
	24.68
	108.2 
	108.3 
	109.1 
	112.0 
	121.3 
	121.9 
	126.9 
	145.1 

	
	2.00
	24.68
	112.6 
	112.8 
	113.9 
	116.4 
	125.1 
	126.6 
	132.0 
	149.2 

	
	2.50
	24.68
	116.1 
	116.5 
	117.9 
	120.1 
	128.8 
	132.0 
	135.4 
	153.3 

	
	0.96
	49.36
	115.1 
	115.5 
	117.6 
	118.8 
	121.4 
	117.0 
	123.2 
	142.8 


7.4.2 Regional Production
Tables 12 and 13 contain regional production results as GHG offset prices increase.  Table 12 summarizes regional production under base energy prices and Table 13 under $2.00 gasoline prices.  Across these tables a number of major results may be observed
· Conventional crop acreage is negatively affected by increasing GHG offset price with land shifting to energy crops.  The largest effects occur in the Northeast, Southeast, south central, Rockies and Southwest.

· Livestock production falls as GHG offset prices increase. The largest effects occur in the Southwest, Corn Belt and Lake States.

· Higher gasoline prices stimulate increased production of conventional crops principally because of the value of the crop residues and grain for ethanol.
· Higher gasoline prices lead to even larger reductions in livestock production.
· Energy crops are heavily produced at higher gasoline or GHG offset prices.

· Crop residues are heavily recovered for inputs to energy generating processes at higher gasoline or GHG offset prices particularly in the Corn Belt and Great Plains.
Table 12 Annualized Regional Production Characteristics for base gasoline and coal price
	
	
	0
	1
	5
	10
	20
	30
	50
	100

	Conv.

Crop

Acres


	Corn Belt 
	84598 
	84597 
	84628 
	83757 
	82527 
	84640 
	84523 
	83865 

	
	Great Plains 
	75387 
	75387 
	75437 
	76252 
	76196 
	74403 
	75715 
	75424 

	
	Lake States 
	32537 
	32537 
	32537 
	32537 
	32073 
	31667 
	32537 
	31981 

	
	Northeast 
	11227 
	11225 
	10739 
	8435 
	6773 
	6949 
	6950 
	10141 

	
	Rocky Mts 
	25245 
	25245 
	25245 
	25245 
	25210 
	25183 
	25166 
	22679 

	
	Pacific Southwest 
	5300 
	5300 
	5300 
	5300 
	5300 
	5300 
	5300 
	5001 

	
	Pacific Nrthwst 
	6555 
	6555 
	6555 
	6555 
	6374 
	6463 
	6535 
	6535 

	
	South Central 
	30154 
	30154 
	30150 
	26997 
	26229 
	26322 
	25132 
	27999 

	
	Southeast 
	13723 
	13726 
	13707 
	10931 
	9276 
	9272 
	8473 
	9418 

	
	South West 
	24773 
	24773 
	24773 
	24042 
	19500 
	17470 
	16512 
	16026 

	
	Total  
	309500 
	309500 
	309070 
	300051 
	289458 
	287668 
	286843 
	289071 

	Index

of

Traditional

Production


	Corn Belt 
	100 
	100 
	100 
	97 
	106 
	97 
	92 
	81 

	
	Great Plains 
	100 
	100 
	100 
	106 
	109 
	118 
	146 
	142 

	
	Lake States 
	100 
	100 
	100 
	104 
	104 
	102 
	101 
	95 

	
	Northeast 
	100 
	100 
	98 
	97 
	92 
	90 
	81 
	71 

	
	Rocky Mts 
	100 
	100 
	100 
	98 
	97 
	96 
	92 
	82 

	
	Pacific Southwest 
	100 
	102 
	107 
	108 
	88 
	103 
	143 
	195 

	
	Pacific Nrthwst 
	100 
	99 
	97 
	103 
	106 
	106 
	104 
	119 

	
	South Central 
	100 
	100 
	99 
	96 
	96 
	91 
	89 
	71 

	
	Southeast 
	100 
	100 
	99 
	96 
	92 
	92 
	95 
	102 

	
	South West 
	100 
	99 
	99 
	94 
	83 
	76 
	58 
	56 

	Index

of

Live-

stock

Production
	Corn Belt 
	100 
	101 
	99 
	96 
	121 
	97 
	85 
	54 

	
	Great Plains 
	100 
	101 
	100 
	112 
	123 
	152 
	226 
	201 

	
	Lake States 
	100 
	100 
	100 
	99 
	97 
	93 
	79 
	63 

	
	Northeast 
	100 
	100 
	99 
	98 
	90 
	89 
	79 
	71 

	
	Rocky Mts 
	100 
	100 
	100 
	98 
	97 
	94 
	88 
	76 

	
	Pacific Southwest 
	100 
	104 
	113 
	131 
	90 
	109 
	178 
	284 

	
	Pacific Nrthwst 
	100 
	99 
	97 
	90 
	84 
	82 
	79 
	74 

	
	South Central 
	100 
	100 
	99 
	97 
	96 
	89 
	87 
	64 

	
	Southeast 
	100 
	100 
	100 
	102 
	100 
	99 
	101 
	98 

	
	South West 
	100 
	99 
	98 
	92 
	79 
	71 
	50 
	47 

	Acres

of

Energy Crops


	Corn Belt 
	
	
	114 
	1013 
	2243 
	373 
	189 
	411 

	
	Great Plains 
	
	
	
	948 
	1003 
	1849 
	471 
	400 

	
	Lake States 
	
	
	
	42 
	536 
	870 
	
	

	
	Northeast 
	139 
	275 
	1091 
	3550 
	5249 
	6345 
	6328 
	2116 

	
	Rocky Mts 
	
	
	
	
	
	
	
	

	
	Pacific Southwest 
	
	
	
	
	
	
	
	

	
	Pacific Nrthwst 
	
	
	
	
	
	
	
	

	
	South Central 
	
	
	130 
	3377 
	4135 
	4301 
	5431 
	2016 

	
	Southeast 
	
	15 
	360 
	3126 
	4746 
	5202 
	5863 
	4202 

	
	South West 
	
	
	49 
	1656 
	6196 
	9586 
	9440 
	8434 

	
	Total  
	139 
	290 
	1745 
	13713 
	24108 
	28526 
	27721 
	17579 

	Acres

with

Residues

Recovered
	Corn Belt 
	
	7 
	3467 
	4219 
	7726 
	11275 
	11600 
	13228 

	
	Great Plains 
	
	
	
	51 
	12290 
	23518 
	24027 
	21992 

	
	Lake States 
	
	
	
	
	16 
	4682 
	4810 
	5466 

	
	Northeast 
	
	
	
	
	
	
	25 
	8 

	
	Rocky Mts 
	
	
	
	
	
	4081 
	5614 
	5647 

	
	Pacific Southwest 
	
	33 
	34 
	45 
	6 
	9 
	352 
	598 

	
	Pacific Nrthwst 
	
	
	
	
	
	1534 
	2225 
	2233 

	
	South Central 
	
	4 
	4 
	33 
	33 
	511 
	1708 
	1368 

	
	Southeast 
	
	
	
	
	
	
	103 
	

	
	South West 
	
	54 
	56 
	70 
	22 
	960 
	2342 
	4722 

	
	Total  
	
	98 
	3561 
	4418 
	20092 
	46568 
	52806 
	55262 


 
Table 13 Annualized Regional Production Characteristics for $2.00 gasoline
	
	
	0
	1
	5
	10
	20
	30
	50
	100

	Conv.

Crop

Acres


	Corn Belt 
	84629 
	84629 
	84630 
	84630 
	83160 
	84639 
	84662 
	83902 

	
	Great Plains 
	76252 
	76252 
	76252 
	76252 
	76252 
	75945 
	75647 
	75557 

	
	Lake States 
	32537 
	32537 
	32537 
	32537 
	32502 
	32095 
	32522 
	32026 

	
	Northeast 
	11222 
	11222 
	11238 
	10236 
	7274 
	6899 
	7029 
	9935 

	
	Rocky Mts 
	25245 
	25245 
	25245 
	25244 
	25185 
	25166 
	25166 
	22819 

	
	Pacific Southwest 
	5300 
	5300 
	5300 
	5300 
	5300 
	5300 
	5300 
	5001 

	
	Pacific Nrthwst 
	6555 
	6555 
	6555 
	6555 
	6350 
	6377 
	6535 
	6535 

	
	South Central 
	30154 
	30154 
	30154 
	30154 
	26463 
	26432 
	27753 
	28568 

	
	Southeast 
	13715 
	13721 
	13719 
	13693 
	9479 
	9295 
	8559 
	9399 

	
	South West 
	24773 
	24773 
	24773 
	24546 
	19923 
	18003 
	17457 
	16667 

	
	Total  
	310382 
	310389 
	310403 
	309148 
	291887 
	290153 
	290629 
	290411 

	Index

of

Traditional

Production


	Corn Belt 
	98 
	97 
	95 
	92 
	109 
	104 
	92 
	82 

	
	Great Plains 
	109 
	109 
	109 
	111 
	118 
	134 
	144 
	142 

	
	Lake States 
	101 
	102 
	101 
	102 
	102 
	101 
	101 
	95 

	
	Northeast 
	97 
	97 
	96 
	96 
	83 
	77 
	81 
	71 

	
	Rocky Mts 
	100 
	100 
	100 
	101 
	99 
	99 
	94 
	83 

	
	Pacific Southwest 
	143 
	144 
	137 
	129 
	124 
	125 
	139 
	187 

	
	Pacific Nrthwst 
	96 
	96 
	93 
	96 
	101 
	101 
	107 
	118 

	
	South Central 
	97 
	97 
	98 
	98 
	95 
	90 
	89 
	70 

	
	Southeast 
	98 
	97 
	98 
	98 
	94 
	94 
	98 
	99 

	
	South West 
	99 
	99 
	98 
	96 
	87 
	76 
	60 
	61 

	Index

of

Livestock

Production
	Corn Belt 
	94 
	90 
	85 
	80 
	135 
	117 
	81 
	55 

	
	Great Plains 
	120 
	120 
	120 
	124 
	145 
	190 
	214 
	202 

	
	Lake States 
	97 
	98 
	98 
	97 
	92 
	91 
	82 
	62 

	
	Northeast 
	96 
	96 
	96 
	96 
	81 
	76 
	80 
	70 

	
	Rocky Mts 
	100 
	100 
	101 
	101 
	98 
	97 
	92 
	77 

	
	Pacific Southwest 
	182 
	182 
	169 
	157 
	157 
	155 
	175 
	267 

	
	Pacific Nrthwst 
	86 
	86 
	84 
	84 
	83 
	80 
	78 
	74 

	
	South Central 
	96 
	96 
	96 
	96 
	94 
	91 
	88 
	61 

	
	Southeast 
	97 
	97 
	98 
	99 
	102 
	101 
	102 
	91 

	
	South West 
	99 
	99 
	98 
	95 
	84 
	71 
	51 
	53 

	Acres

of

Energy Crops


	Corn Belt 
	
	
	84 
	142 
	1554 
	221 
	
	380 

	
	Great Plains 
	
	
	
	562 
	562 
	307 
	520 
	267 

	
	Lake States 
	
	
	
	42 
	78 
	442 
	
	

	
	Northeast 
	60 
	155 
	561 
	1745 
	4738 
	6443 
	5845 
	2308 

	
	Rocky Mts 
	
	
	
	
	
	
	
	

	
	Pacific Southwest 
	
	
	
	
	
	
	
	

	
	Pacific Nrthwst 
	
	
	
	
	
	
	
	

	
	South Central 
	
	
	81 
	254 
	3910 
	3973 
	2697 
	1536 

	
	Southeast 
	
	
	191 
	366 
	4558 
	5128 
	5506 
	4220 

	
	South West 
	
	
	
	1033 
	5772 
	9053 
	9111 
	8274 

	
	Total  
	60 
	155 
	917 
	4144 
	21174 
	25566 
	23678 
	16985 

	Acres

with

Residues

Recovered
	Corn Belt 
	
	
	
	
	5603 
	14734 
	14387 
	12532 

	
	Great Plains 
	
	
	
	
	2139 
	26844 
	30742 
	30912 

	
	Lake States 
	
	
	
	
	1389 
	3050 
	3382 
	2544 

	
	Northeast 
	
	
	
	
	
	9 
	326 
	3658 

	
	Rocky Mts 
	
	
	
	
	
	1310 
	3146 
	3218 

	
	Pacific Southwest 
	
	
	
	
	6 
	9 
	393 
	1733 

	
	Pacific Nrthwst 
	
	
	
	
	
	674 
	1969 
	3229 

	
	South Central 
	
	
	
	27 
	299 
	1283 
	5673 
	7265 

	
	Southeast 
	
	
	
	
	
	
	318 
	803 

	
	South West 
	
	
	
	
	2 
	77 
	957 
	5323 

	
	Total  
	
	
	
	27 
	9438 
	47990 
	61293 
	71218 


7.4.3 Biofuel production
Given the importance of biofuels in the results above we will now look deeper into the composition of the biofuel strategies used.  We do this by collecting the GHG offset prices into ranges of $1-$10, $10-$30 or $30-$50 and $50+.  We also present results separately for liquid fuels and electricity.  

Table 14 shows the liquid fuel strategies used for the base and $2.00 gasoline prices.  Under base gasoline prices we see that for low GHG offset prices liquid fuel manufacture is dominated by corn grain being converted into ethanol.  However as the GHG offset prices rise above $50, we see additional grains, cellulosic activities and biodiesel coming into play (note these are unsubsidized forms not benefiting from exemption from the gasoline tax, a large incentive for existing ethanol production).  On the other hand, when gasoline prices are $2.00 we see competitiveness from dry milling, other grains and cellulosic conversions across the range of GHG offset prices.
Table 15 shows the biofuel based electricity generating strategies that are used for the base and doubled coal prices.  Under base coal prices for low GHG offset prices, the electricity processes are dominated by switchgrass and sugarcane bagasse with switchgrass being co-fired with coal at relatively low co-firing ratios.  However, as the GHG offset prices rise, we see lessened reliance and on co-firing; in addition crop residues come into play.

Table 14 Use of Liquid Fuel strategies for selected price ranges

  

	
	Gas price  0.94
	Gas price  2.00

	Lower carbon dioxide price
	-1
	10
	30
	50
	-1
	10
	30
	50

	Upper carbon dioxide price
	10
	30
	50
	5000
	10
	30
	50
	5000

	
	
	
	
	
	
	
	
	

	Make corn into ethanol through wet milling 
	xx 
	xx 
	xx 
	xx 
	xx 
	xx 
	xx 
	xx 

	Make corn into ethanol through dry milling 
	xx 
	xx 
	xx 
	xx 
	xx 
	xx 
	xx 
	

	Make wheat into ethanol 
	
	
	
	xx 
	
	
	
	xx 

	Make sorghum into ethanol 
	xx 
	xx 
	xx 
	
	xx 
	xx 
	
	

	Make sugarcane Bagasse into ethanol 
	
	
	
	xx 
	
	xx 
	xx 
	xx 

	Make corn residues into ethanol 
	
	
	
	xx 
	
	xx 
	xx 
	xx 

	Make wheat residues into ethanol 
	
	
	
	
	
	
	
	xx 

	Make sorghum residues into ethanol 
	
	
	
	xx 
	
	
	
	

	Make rice residues into ethanol 
	
	
	
	xx 
	
	
	
	xx 

	
	
	
	
	
	
	
	
	

	Make soybean oil into biodiesel 
	xx 
	xx 
	xx 
	xx 
	xx 
	xx 
	xx 
	xx 

	Make corn oil into biodiesel 
	
	
	xx 
	xx 
	xx 
	xx 
	xx 
	xx 


  

Table 15 Use of Electricity strategies for selected price ranges
	
	Coal price  24.68
	Coal price  49.36

	Lower carbon dioxide price
	-1
	10
	30
	50
	-1
	10
	30
	50

	Upper carbon dioxide price
	10
	30
	50
	5000
	10
	30
	50
	5000

	
	
	
	
	
	
	
	
	

	Make switchgrass into electricity 5% co firing 
	xx
	xx
	xx
	xx
	xx
	xx
	xx
	xx

	Make switchgrass into electricity 
	
	
	xx
	xx
	
	
	xx
	xx

	Make willow into electricity 
	
	xx
	xx
	xx
	
	xx
	xx
	xx

	Make lignin into electricity 
	
	
	
	xx
	
	
	
	xx

	Make manure into electricity 20% co firing
	
	
	xx
	xx
	
	xx
	xx
	xx

	Make sugarcane Bagasse into electricity 
	xx
	xx
	xx
	xx
	xx
	xx
	xx
	xx

	Make corn residues into electricity 20% co firing 
	
	
	
	xx
	
	
	
	xx

	Make corn residues into electricity 
	
	
	xx
	xx
	
	xx
	xx
	xx

	Make wheat residues into electricity 20% co firing 
	
	
	xx
	xx
	
	xx
	xx
	xx

	Make wheat residues into electricity 
	
	xx
	xx
	xx
	
	xx
	xx
	xx

	Make sorghum residues into electricity 20% co firing
	
	
	
	xx
	
	
	
	xx

	Make sorghum residues into electricity 
	
	
	xx
	
	
	
	xx
	

	Make barley residues into electricity 
	
	xx
	xx
	xx
	xx
	xx
	xx
	xx


  

7.4.4 Livestock Production/ Herd Size

The above results reveal sensitivity of livestock production, making it desirable to look further into the scenario effects on the livestock herd (Table 16).  There we find that the most sensitive sector is beef followed by hogs and dairy with poultry being largely unaffected.  This is not surprising due to relative feed use per unit final product (lower for dairy, and poultry than for beef), enteric fermentation, manure, demand and trade issues. 
Table 16 Percent change in Livestock Herd Sizes across scenarios
	
	
	
	-------------------- carbon dioxide Price  in $/ metric ton --------------------

	
	Gasoline Price

in $/Gallon
	Coal Price in $/Ton
	0
	1
	5
	10
	20
	30
	50
	100

	Broilers


	0.94
	24.68
	
	
	
	-0.5 %
	-1.1 %
	-1.5 %
	-1.3 %
	-1.5 %

	
	1.42
	24.68
	-0.7 %
	-0.7 %
	-0.8 %
	-1.1 %
	-1.9 %
	-1.6 %
	-1.6 %
	-1.9 %

	
	2.00
	24.68
	-1.0 %
	-1.0 %
	-1.0 %
	-1.2 %
	-1.9 %
	-1.7 %
	-1.7 %
	-2.0 %

	
	2.50
	24.68
	-1.2 %
	-1.2 %
	-1.1 %
	-1.0 %
	-1.8 %
	-2.0 %
	-2.1 %
	-2.1 %

	
	0.96
	49.36
	-1.6 %
	-1.5 %
	-1.6 %
	-1.7 %
	-1.9 %
	-1.5 %
	-1.2 %
	-1.5 %

	
	
	
	
	
	
	
	
	
	
	

	Dairy


	0.94
	24.68
	
	-0.4 %
	-2.3 %
	-2.5 %
	-3.5 %
	-4.5 %
	-7.7 %
	-10.7 %

	
	1.42
	24.68
	-1.0 %
	-1.0 %
	-2.3 %
	-2.8 %
	-4.0 %
	-4.5 %
	-7.7 %
	-10.8 %

	
	2.00
	24.68
	-1.0 %
	-1.4 %
	-2.4 %
	-3.2 %
	-4.2 %
	-4.6 %
	-7.2 %
	-11.0 %

	
	2.50
	24.68
	-1.3 %
	-1.6 %
	-2.4 %
	-3.3 %
	-4.4 %
	-5.2 %
	-7.5 %
	-11.1 %

	
	0.96
	49.36
	-2.6 %
	-2.5 %
	-2.4 %
	-2.2 %
	-3.7 %
	-5.5 %
	-7.2 %
	-10.9 %

	
	
	
	
	
	
	
	
	
	
	

	Cow

calf


	0.94
	24.68
	
	
	
	-1.0 %
	-2.9 %
	-4.2 %
	-7.5 %
	-19.2 %

	
	1.42
	24.68
	
	
	-0.1 %
	-1.0 %
	-3.2 %
	-4.2 %
	-8.1 %
	-19.2 %

	
	2.00
	24.68
	0.2 %
	0.2 %
	-0.2 %
	-1.1 %
	-2.6 %
	-4.5 %
	-8.2 %
	-19.2 %

	
	2.50
	24.68
	0.3 %
	0.3 %
	
	-0.6 %
	-2.8 %
	-4.8 %
	-8.0 %
	-19.3 %

	
	0.96
	49.36
	
	-0.1 %
	-1.4 %
	-2.7 %
	-2.5 %
	-3.7 %
	-7.8 %
	-19.3 %

	
	
	
	
	
	
	
	
	
	
	

	Fed

Beef

Animals


	0.94
	24.68
	
	-0.2 %
	-0.6 %
	-2.4 %
	-5.3 %
	-7.2 %
	-10.8 %
	-21.0 %

	
	1.42
	24.68
	-0.9 %
	-1.0 %
	-1.5 %
	-2.8 %
	-5.5 %
	-6.6 %
	-10.4 %
	-21.2 %

	
	2.00
	24.68
	-0.7 %
	-0.8 %
	-1.4 %
	-2.3 %
	-4.8 %
	-6.7 %
	-10.6 %
	-20.9 %

	
	2.50
	24.68
	-0.5 %
	-0.6 %
	-1.2 %
	-1.9 %
	-4.6 %
	-6.7 %
	-9.6 %
	-21.0 %

	
	0.96
	49.36
	-1.9 %
	-2.3 %
	-3.1 %
	-4.5 %
	-6.1 %
	-7.2 %
	-10.6 %
	-21.2 %

	
	
	
	
	
	
	
	
	
	
	

	Fed

Hogs


	0.94
	24.68
	
	0.1 %
	
	0.3 %
	-2.5 %
	-4.7 %
	-6.5 %
	-11.3 %

	
	1.42
	24.68
	0.9 %
	0.6 %
	-0.3 %
	-1.7 %
	-4.5 %
	-5.1 %
	-7.0 %
	-11.7 %

	
	2.00
	24.68
	-0.1 %
	-0.3 %
	-1.1 %
	-2.2 %
	-4.4 %
	-5.3 %
	-7.7 %
	-11.7 %

	
	2.50
	24.68
	0.4 %
	
	-1.0 %
	-2.0 %
	-4.5 %
	-6.0 %
	-8.4 %
	-12.1 %

	
	0.96
	49.36
	-1.0 %
	-1.3 %
	-2.5 %
	-3.3 %
	-4.1 %
	-4.4 %
	-6.7 %
	-11.8 %


7.5 Agriculture and the Environment
A number of the above scenarios imply substantial changes in agricultural production patterns and in turn the nature of the agricultural interaction with the environment. Thus we developed results on a number of environmental impact measures (Table 17).  Major results in this setting are 
· Erosion is reduced under higher carbon dioxide prices as increased reliance on biofuels and reductions in tillage intensity reduce erosion relative to conventional production.

· Irrigation water use is reduced due to higher prices for the carbon emissions associated with pumping water and irrigated production along with crop mix shifts.

· Results on diesel fuel use are mixed due to the countervailing affects of higher energy and higher agricultural commodity prices.

· Manure production is generally reduced due to the smaller livestock herd.

· Nitrogen fertilizer use and infiltration into groundwater etc. is reduced by a substantial amount.  This is caused by several contributing factors.  Higher fuel prices mean more expensive nitrogen fertilizer manufacturing costs and less use.  Some crop acreage switches to energy crops that use less nitrogen.  Reductions in nitrogen use reduce nitrous oxide emissions so farmers have an incentive to reduce use as the carbon dioxide equivalent offset prices rise. 

· Phosphorus fertilizer use is somewhat increased due to crop mix changes including increased reliance on energy crops.

· Phosphorus loss in cropland runoff is decreased as it is in the livestock category.

Table 17 Percent change in Select Environmental measures across select energy price and GHG offset price scenarios
	
	Gasoline Price 
	Coal Price 
	---------------- carbon dioxide Price  in $/ metric ton ------------------

	
	
	
	0
	1
	5
	10
	20
	30
	50
	100

	Total 

Erosion


	0.94
	24.68
	
	0.3 % 
	-5.0 % 
	-7.4 % 
	-13.5 % 
	-24.2 % 
	-25.5 % 
	-17.1 % 

	
	1.42
	24.68
	-1.3 % 
	-0.1 % 
	-6.7 % 
	-11.3 % 
	-16.9 % 
	-19.7 % 
	-19.2 % 
	-18.6 % 

	
	2.00
	24.68
	-6.7 % 
	-4.6 % 
	-11.2 % 
	-12.6 % 
	-20.2 % 
	-21.9 % 
	-19.0 % 
	-19.3 % 

	
	2.50
	24.68
	-14.2 % 
	-14.9 % 
	-16.4 % 
	-16.8 % 
	-21.7 % 
	-23.4 % 
	-19.8 % 
	-19.7 % 

	
	0.96
	49.36
	-9.1 % 
	-8.8 % 
	-14.2 % 
	-15.4 % 
	-17.4 % 
	-24.5 % 
	-25.0 % 
	-18.1 % 

	Irrigation

water

 Use


	0.94
	24.68
	
	-0.4 % 
	-1.4 % 
	-2.3 % 
	-4.4 % 
	-4.5 % 
	-2.9 % 
	-3.8 % 

	
	1.42
	24.68
	
	-0.5 % 
	-2.0 % 
	-2.6 % 
	-4.1 % 
	-4.7 % 
	-2.0 % 
	-3.7 % 

	
	2.00
	24.68
	-0.3 % 
	-0.4 % 
	-1.1 % 
	-1.4 % 
	-4.2 % 
	-4.4 % 
	-1.7 % 
	-3.4 % 

	
	2.50
	24.68
	
	
	-0.8 % 
	-1.4 % 
	-3.2 % 
	-4.0 % 
	-0.9 % 
	-4.2 % 

	
	0.96
	49.36
	0.5 % 
	0.2 % 
	-1.4 % 
	-2.7 % 
	-4.6 % 
	-5.3 % 
	-2.5 % 
	-4.2 % 

	Diesel 

Fuel

Use


	0.94
	24.68
	
	0.3 % 
	1.1 % 
	-1.2 % 
	-4.1 % 
	-5.0 % 
	-7.3 % 
	-10.6 % 

	
	1.42
	24.68
	-1.7 % 
	-1.3 % 
	-0.9 % 
	-1.8 % 
	-5.8 % 
	-7.1 % 
	-8.9 % 
	-11.7 % 

	
	2.00
	24.68
	-8.5 % 
	-6.7 % 
	-6.4 % 
	-6.4 % 
	-9.5 % 
	-10.7 % 
	-10.5 % 
	-12.5 % 

	
	2.50
	24.68
	-14.0 % 
	-14.3 % 
	-12.0 % 
	-9.4 % 
	-11.4 % 
	-12.2 % 
	-11.9 % 
	-13.1 % 

	
	0.96
	49.36
	-4.8 % 
	-4.6 % 
	-4.0 % 
	-5.0 % 
	-6.2 % 
	-5.8 % 
	-8.0 % 
	-11.1 % 

	Manure

 Production


	0.94
	24.68
	
	-0.1 % 
	-0.6 % 
	-1.6 % 
	-3.6 % 
	-5.0 % 
	-8.1 % 
	-18.5 % 

	
	1.42
	24.68
	-0.5 % 
	-0.6 % 
	-1.0 % 
	-1.9 % 
	-3.9 % 
	-4.8 % 
	-8.3 % 
	-18.5 % 

	
	2.00
	24.68
	-0.4 % 
	-0.6 % 
	-1.0 % 
	-1.7 % 
	-3.4 % 
	-4.9 % 
	-8.3 % 
	-18.4 % 

	
	2.50
	24.68
	-0.3 % 
	-0.4 % 
	-0.9 % 
	-1.4 % 
	-3.4 % 
	-5.1 % 
	-8.0 % 
	-18.5 % 

	
	0.96
	49.36
	-1.2 % 
	-1.3 % 
	-2.2 % 
	-3.2 % 
	-3.8 % 
	-4.9 % 
	-8.2 % 
	-18.6 % 

	Nitrogen 

Fertilizer

 Use


	0.94
	24.68
	
	
	0.2 % 
	5.4 % 
	5.2 % 
	-16.8 % 
	-20.0 % 
	-27.2 % 

	
	1.42
	24.68
	6.5 % 
	6.9 % 
	6.6 % 
	7.1 % 
	5.5 % 
	-19.6 % 
	-22.4 % 
	-27.8 % 

	
	2.00
	24.68
	8.6 % 
	8.6 % 
	7.2 % 
	6.6 % 
	3.6 % 
	-22.4 % 
	-23.6 % 
	-28.2 % 

	
	2.50
	24.68
	6.9 % 
	6.7 % 
	5.1 % 
	4.7 % 
	2.4 % 
	-23.6 % 
	-24.5 % 
	-28.5 % 

	
	0.96
	49.36
	6.0 % 
	5.9 % 
	4.4 % 
	3.1 % 
	-0.9 % 
	-16.5 % 
	-19.7 % 
	-26.9 % 

	Phosphorous

Fertilizer

 Use


	0.94
	24.68
	 
	
	0.8 % 
	8.8 % 
	15.8 % 
	16.0 % 
	13.3 % 
	3.3 % 

	
	1.42
	24.68
	2.3 % 
	2.3 % 
	2.5 % 
	6.3 % 
	14.5 % 
	15.2 % 
	11.2 % 
	2.8 % 

	
	2.00
	24.68
	2.0 % 
	1.9 % 
	1.8 % 
	3.7 % 
	13.8 % 
	13.3 % 
	10.3 % 
	2.6 % 

	
	2.50
	24.68
	1.2 % 
	1.1 % 
	0.9 % 
	1.8 % 
	12.3 % 
	11.5 % 
	9.5 % 
	1.9 % 

	
	0.96
	49.36
	21.7 % 
	22.2 % 
	24.0 % 
	25.2 % 
	24.8 % 
	18.9 % 
	13.9 % 
	4.4 % 

	Percolation

Nitrogen 

Loss


	0.94
	24.68
	 
	-0.3 % 
	-2.5 % 
	-10.5 % 
	-14.9 % 
	-15.1 % 
	-19.3 % 
	-20.2 % 

	
	1.42
	24.68
	-1.6 % 
	-1.9 % 
	-3.3 % 
	-7.7 % 
	-13.8 % 
	-14.5 % 
	-17.9 % 
	-19.4 % 

	
	2.00
	24.68
	-1.0 % 
	-1.3 % 
	-1.8 % 
	-3.7 % 
	-13.0 % 
	-12.7 % 
	-15.8 % 
	-18.6 % 

	
	2.50
	24.68
	-0.6 % 
	-0.6 % 
	-1.3 % 
	-2.1 % 
	-11.6 % 
	-11.9 % 
	-14.2 % 
	-18.6 % 

	
	0.96
	49.36
	-11.9 % 
	-12.0 % 
	-13.6 % 
	-15.0 % 
	-15.4 % 
	-18.3 % 
	-20.7 % 
	-20.1 % 

	Nitrogen 

Loss 

Subsurface


	0.94
	24.68
	 
	0.8 % 
	-1.5 % 
	-1.9 % 
	-3.0 % 
	-2.4 % 
	-0.2 % 
	4.2 % 

	
	1.42
	24.68
	0.3 % 
	-0.3 % 
	-0.7 % 
	0.6 % 
	-0.7 % 
	-0.8 % 
	1.9 % 
	5.6 % 

	
	2.00
	24.68
	2.9 % 
	2.6 % 
	3.2 % 
	4.3 % 
	0.4 % 
	2.4 % 
	4.3 % 
	6.4 % 

	
	2.50
	24.68
	8.0 % 
	8.6 % 
	7.4 % 
	5.8 % 
	3.4 % 
	4.9 % 
	6.3 % 
	7.3 % 

	
	0.96
	49.36
	-5.0 % 
	-4.2 % 
	-6.6 % 
	-6.6 % 
	-6.0 % 
	-3.8 % 
	-0.4 % 
	4.3 % 

	Phosphorous 

Loss 

in Runoff
	0.94
	24.68
	 
	-1.4 % 
	-9.8 % 
	-19.7 % 
	-21.9 % 
	-21.6 % 
	-18.8 % 
	-14.7 % 

	
	1.42
	24.68
	
	-1.1 % 
	-8.7 % 
	-13.0 % 
	-20.5 % 
	-20.0 % 
	-17.2 % 
	-15.1 % 

	
	2.00
	24.68
	6.3 % 
	5.2 % 
	-0.4 % 
	-5.4 % 
	-18.2 % 
	-19.5 % 
	-16.0 % 
	-14.7 % 

	
	2.50
	24.68
	12.0 % 
	12.9 % 
	5.6 % 
	
	-15.5 % 
	-17.1 % 
	-13.7 % 
	-14.2 % 

	
	0.96
	49.36
	-18.7 % 
	-20.2 % 
	-27.0 % 
	-25.7 % 
	-23.6 % 
	-22.1 % 
	-19.1 % 
	-14.4 % 

	Phosphorous 

Loss 

with sediment
	0.94
	24.68
	 
	-0.1 % 
	-14.0 % 
	-17.4 % 
	-23.8 % 
	-25.8 % 
	-25.5 % 
	-26.1 % 

	
	1.42
	24.68
	-6.1 % 
	-6.1 % 
	-20.1 % 
	-24.9 % 
	-26.5 % 
	-29.9 % 
	-28.1 % 
	-27.5 % 

	
	2.00
	24.68
	-11.1 % 
	-7.7 % 
	-21.7 % 
	-23.9 % 
	-29.8 % 
	-31.7 % 
	-28.4 % 
	-28.5 % 

	
	2.50
	24.68
	-20.6 % 
	-20.2 % 
	-29.1 % 
	-28.4 % 
	-31.7 % 
	-33.3 % 
	-29.0 % 
	-28.5 % 

	
	0.96
	49.36
	-13.2 % 
	-13.1 % 
	-23.5 % 
	-24.6 % 
	-26.3 % 
	-25.4 % 
	-25.7 % 
	-26.4 % 


8 Caveats on the analysis
While the analysis above is relatively comprehensive in terms of agriculture there are a number of caveats.  The most important of these involves 
· Omitted mitigation strategies, particular those related to

· Carbon sequestration on forest lands through increased afforestation and enhanced forest management (longer rotations, more intensive management).  A number of studies have widely shown the importance of forest management issues.  Most recently the US EPA report Greenhouse Gas Mitigation Potential in US Forestry and Agriculture shows that especially at lower offset prices afforestation rivals biofuels (albeit with a much more limited definition of biofuels than used herein) 

· Grazing land management raising the carbon content thereon.  
· Further regional detail -- the regional detail provided in the analysis provides some evidence of regional effects but spatial heterogeneity within the regions modeled, if detailed, would lead to further differences.
· Effects of agricultural supply on the offset price and competition from other nonagricultural offsets. The offset price was taken as given but a large supply of agricultural offsets would tend to depress the market price.  There could also be competition from other offsets.  These could include other uncapped sectors (e.g. small industrial emitters, households), foreign suppliers (through the Clean Development mechanism or with other trading systems such as the ETS.  
· The short run desirability of agricultural offsets while it takes time for non agricultural offsets to develop (See McCarl and Sands who find that agricultural activities are highly competitive in the short run as energy sector activities yake capital investment and turnover to develop) and a substantial long term role for agricultural biofuels.

· Omitted benefits that would arise in the nonagricultural sector from the 

· Production of agricultural offsets at a rate potentially cheaper then offsets produced elsewhere, thereby reducing the overall cost of reducing US emissions.
· Potential benefits to energy consumers of lower fuel and electricity prices and/or reduction in petroleum imports because of the availability of bio-based fuels..
· Economic value and the full variety of co benefits that arise in terms of water and chemical runoff as reviewed in US EPA report Greenhouse Gas Mitigation Potential in US Forestry and Agriculture.
· The treatment of offset prices as if they were equal for all opportunities and free of effects of transactions costs and market discounts based on offset characteristics.  
· Possible discounts might arise due to the issues of “permanence”, “leakage”, “additionality,” and “uncertainty as in the US EPA report, McCarl chapters in an emerging book by Environmental Defense, and material in Post et al among other places.
· Transactions costs from brokers since agricultural producers generally create small amounts of offsets but emission producing energy companies will likely buy large quantities of offsets.  
9 Conclusions

A number of major conclusions arise from this study as follows
· Agricultural emission reductions and offsets can create competitive GHG offsets at relatively lower carbon prices. 

· Substantial agricultural income opportunities arise under increased fuel prices and GHG offset prices.

· Agricultural emission offsets and biofuels are competitive with food production leading to lower conventional agricultural production, higher commodity prices and lower exports.  

· Biofuel feedstock production and carbon sequestration are the activities that offer the largest contribution from agriculture with relatively minor contributions from a number of other strategies (such as methane and nitrous oxide reductions).

· Agricultural soil based carbon sequestration can be competitive at low carbon prices gaining entry as viable strategies in the total economy. 

· Higher energy prices greatly stimulate biomass based electricity and liquid biofuel production.

· Mitigation activity stimulated by carbon and energy price increases generally improves agricultural producers’ welfare and decreases the agricultural component of consumers’ welfare. 

· Environmental quality is likely to increase with increases in GHG mitigation and biofuel feedstock production due to changes in erosion, livestock numbers, crop mix and fertilizer use.

· At low offset and energy prices biofuels largely arise from grains while dedicated energy crops are supplied for electricity production.

· Across the energy prices when carbon prices are high enough the largest share of carbon offsets come from biomass fired electric power generation.

· At high offset and energy prices cellulosic ethanol produced from energy crops and residues becomes much more important.  
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