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Executive Summary:

The agriculture sector is not covered under the carbon emissions cap in current versions of either the house-passed climate bill (HR. 2454) or senate legislation (S. 1733). Therefore, there are no direct compliance costs to the rice sector.  However, there will be indirect costs associated with increases in energy costs from carbon compliance, as farm equipment and other agricultural inputs can be energy intensive.  Among agricultural sectors examined in this memo, the rice industry is expected to experience the largest relative increase in energy costs.  However, in absolute terms this increase is expected to be small, at 1.5%.
The agricultural sector can potentially counter increased energy costs through the generation and sale of carbon offsets.  HR 2454 and S 1733 both provide opportunities to generate offsets through changes in tillage practices, reduction in methane and nitrous oxide emissions, and tree planting. The EPA estimates that in 2020 these agricultural sector emissions reductions will supply approximately 70 million tons of CO2e offsets. 

From the Solutions team’s analysis, however, the rice industry may or may not benefit from these offset provisions.  While it is estimated that maximum revenue generation potential from rice-sector offsets could be about $324 per acre, in reality, the revenue generation potential is less due to costs to implement offset activities and inability to completely eliminate methane emissions. 

In sum, reducing methane emissions from rice paddies could cost more to implement than the value of the offsets. For example, studies have shown that switching to a different fertilizer can reduce methane emissions from 20 to 70%.  Switching to this other fertilizer (ammonium sulfate)  costs about $100 dollars/acre more than the conventional urea fertilizer. Depending on the conditions of the soil and the fertilizer application method, among other factors, the result of generating offsets from this method ranges from a best case scenario of $129 in profit to a worst case scenario of $53 in losses. (See Appendix A). This corresponds to a profit of 5% and a loss of 2% in revenue from rice yields, respectively. Importantly, this preliminary analysis does not factor the transaction costs or lower rice yields associated with fertilizer switching. Therefore we conclude that the benefits of generating offsets, if any, occur very much on the margin.

Generating offsets to mitigate climate change may benefit rice farmers little. Similarly the costs of inaction (i.e. the effects of climate change) on rice production are unclear. Increased CO2 in the atmosphere and associated climate change impacts could either benefit or harm the rice industry.  That is, increased temperatures could reduce rice yields, while increased CO2 levels could increase rice yields.

In addition to the consideration of direct and indirect costs to rice producers, the perspective of rice consumers should also be considered.  Information included in this brief examines the relationship between rice and the beer production industry, a connection that was highlighted in a recent internal discussion as an example of a relationship that could be strategically useful.  However, rice users are extremely diffuse and only 4% of US rice produced was dedicated to US beer production in 2008, even though Anheuser-Busch InBev is the largest single purchaser of domestic rice.

This memo did not consider how climate change legislation would affect competitiveness between domestic and foreign rice producers.

Position of the USA Rice Federation on ACES: 

“Our industry cannot support legislation that would have the sole effect of driving up our production and processing costs resulting in a competitive disadvantage while providing little, if any, opportunity to make up for the added costs by participating in an agriculture offset program.  Therefore, on behalf of the U.S. rice industry, we ask that you oppose H.R. 2454 when it comes before the House for a vote.”

Economic Analysis

Rice growers will not have direct compliance costs associated with a cap and trade system.  However, they will be indirectly affected through increased costs of energy. Furthermore, they could experience increased or decreased rice productions yields as a result of climate change impacts.
Costs associated with ACES
According to A Preliminary Analysis of the Effects of HR 2454 on US Agriculture, by USDA*: 

1. “Per-acre energy expenses for rice...are generally higher than per acres expenses for corn and wheat, but as a proportion of total operating costs, they are typically lower.” 

2. “Most of the impacts are felt through increased fuel costs...[so] crops where fuel costs are proportionately higher showed larger impacts (e.g., rice)” 

3. Short term (2012-2018): 
Increase in costs--$3.09/acre (0.7%) 

4. Medium term (2027-2033): 
Increase in costs--$13.48/acre (3.1%) 

5. Long term (2042-2048): 
Increase in costs--$28.08/acre (6.5%) 

6. In the long run, and assuming no change in production practices, rice would likely have the largest average per-acre increase...though its relative increase would be less than that for corn, wheat and the other feed grains. 

*“Assumes no technological change, no alteration of inputs in agriculture, and no increase in demand for bio-energy as a result of higher energy prices. Therefore, it overstates the impact of the climate legislation on agriculture costs.”
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Offsets Generation

Eliminating methane from rice production would result in about 13 metric tons of CO2e per acre. At a proposed offset value of $25
, rice farmers generating offsets would earn about $324
 per acre for their mitigation efforts.  For context consider the following :

· Total revenue of rice harvest is about $2500/acre
· Cost of fertilizer at about $126/acre (about 5% of harvest revenue)
· Revenue from offsets is $324/acre (potentially adding about 13% of harvest revenue)

· Transaction costs associated with offset generation activities vary.  However, some studies indicate the cost of implementing offset activities may outweigh revenue potential from offsets, in some instances. (See Appendix A)

The financial gain seems small relative to the costs of implementing practices that may only reduce a portion of methane emissions. See the technical feasibility section and Appendix A for more details. 

Impacts of climate change on rice cultivation
The effect of climate change on rice yields has not been conclusively determined.  In general, increased CO2 concentrations result in increased yields and increased temperatures result in decreased yields.  Which of these effects will be dominant depends largely on the degree of CO2 and temperature increase, the geographic location of rice cultivation, and the specific rice cultivar.  

· According to the US Climate Change Science Program, rice grain yield is reduced ~10% per 1( C temperature increase above 25( C.  Mean summer air temperature during the rice grain filling phase in the southern US is ~26-27( C, already above the 25( C optimum.  Therefore any additional increases in temperature from climate change are likely to decrease yields.

· Rice production in the South is predicted to decline 12% with a 1.2( C increase in average temperature.  It is predicted to decline 5.6% with both a 1.2(C temp increase and an increase in CO2 from 380 ppm to 440 ppm. With the CO2 increase alone, it is predicted to increase 6.4%.

· Lobell (LBNL) and Field (Stanford) concluded that climate trends since 1981 slightly reduced rice yields during the 1995-2002 period.

· Baker (USDA-ARS)’s found that the impact of climate change on rice yield depended greatly on the specific cultivar.   In general, as daily mean temperatures increased above 26(C, rice grain yields were progressively reduced.  Under enriched CO2 conditions, the upper daytime air temperatures threshold at which rice yields dropped to zero was 32-35(C for the 4 cultivars examined.  In general, increased CO2 enrichment increased yields at a given temperature.

· Most other studies on rice yields and climate change have focused on Southeast Asian countries.

Technical Feasibility of Generating Offsets

Rice is grown by partially flooding the field, which covers detritus with water. Methane is created by anaerobic decomposition (absence of oxygen) of soil organic matter by methanogenic bacteria. A lot of methane emissions are already reduced by oxidization (i.e. converted to CO2) via methanotrophic bacteria in soil (anywhere from 60 to 90 percent)
 or leached away as dissolved floodwater. The methane that is not oxidized is emitted through a couple of pathways: diffusive transport through rice plants’ roots and lower stems, and soil diffusion and evaporation from methane dissolved in floodwaters. 

Practices that may reduce or eliminate methane generation, potentially allowing for offset generation:

· Deepwater flooding, where lower stems and roots of rice plants are dead, so the rice plants cannot transport methane to atmosphere 

· Draining water and allowing soil to dry, causing existing methane to oxidize and inhibiting further methane production in soils 

These practices are not applicable in the U.S. because no rice is grown under deepwater,
 and mid-season drainage does not naturally occur. 

Cultivation practices could potentially be used to reduce methane emissions.  Less water can be used to flood the paddies, which would result in more exposure to oxygen, allowing aerobic versus anaerobic degradation to occur. However, this would only reduce a portion of the methane emissions, and could potentially lower the rice production yield and could increase transaction costs associated with changes in cultivation practices.   The lower yield and transaction costs could make generating offsets less economically attractive. 

Difficulties with Emission Reduction Measurement
Accurately accounting for offsets could prove difficult.  There are primary factors influencing the amount of organic material available to decompose and thus the amount of methane generated, (i.e. fertilization practices and cultivation practices). Both nitrate and sulfate fertilizers, in the form of ammonium nitrate and ammonium sulfate, seem to inhibit methane formation. However, some studies suggest that though ammonium sulfate reduces methane emissions, it also increases carbon dioxide emissions from the soil.
 Other factors contributing to methane production include soil temperature, soil type, rice variety, and cultivation practices. 

The table below details some of the other trade-offs between choices of fertilizer. ​

Table 1. Characteristics of nitrogen fertilizer sources available for rice production

	Nitrogen Fertilizer Source (in order of preference)
	Advantages
	Disadvantages

	Urea – 46% N
	High N percentage, widely available
	Even distribution is difficult to obtain at high rates

	Ammonium Sulfate – 21% N, 24% S
	Provides sulfur fertilizer, reduces soil pH
	Low N percentage, expensive

	Nitrogen Solutions (UAN solution) – 32% N
	Good distribution at high rates
	Very high N loss by denitrification due to nitrates. Volatilization loss is greater than urea when applied at midseason.


Adapted from University of Arkansas, “Nitrogen Fertilization of Rice in Arkansas” Table 4, http://www.aragriculture.org/crops/rice/Publications/nitrofert.pdf

Uncertainties Regarding Actual GHG Reductions

As with many agriculture-related offset projects, verifying emission reductions remains challenging.  Compounding this problem in the rice sector, some activities to reduce methane emissions can increase CO2 emissions.  Since methane has a higher global warming potential, the net result is likely to be a reduction.

Rice and Beer
In 2008, roughly 816 million pounds of rice were used in the production of beer in the United States.
  This represents 4% of the total domestic rice production (approximately 203 million hundredweight, or 20.3 billion pounds).

While exact data is impossible to find (because beer recipes are a trade secret and not generally publicly available), most sources agree that Budweiser beer is made with a substantial amount of rice (up to 80% of the total grain input) and that Anheuser-Busch InBev (formerly Anheuser-Busch) consumes most of the rice used in beer production.

  (If half of US rice production is exported, then Greenpeace’s estimate is likely as a percentage of crops used domestically, which is close to the calculation above.)

Brewing is an energy intensive business, primarily related to the boiling of beer, a process largely dependent on natural gas.  Anheuser-Busch InBev produces and uses renewable fuels at ten of their twelve US breweries.
  The company is also a member of EPA’s Climate Leaders program and has set a goal of reducing greenhouse gas emissions by 5% from 2005 to 2010.
  

Using the average 2008 rice crop yield of 6,846 pounds per acre, Anheuser-Busch InBev used rice from about 120,000 acres, which have the ability to produce up to 1.5 million offsets.
  While not a perfect analogue because of differences in scale, New Belgium Brewing Company emits about 2,541 tons of CO2e as the result of combustion of natural gas
, equating to .005 tons per barrel of beer.
  If Anheuser-Busch InBev produces 100 million barrels of beer each year
, this translates into 500,000 tons of CO2e per year, an amount that could potentially be entirely offset by reductions in the beer-focused segment of the rice industry, ignoring the cost-effectiveness of these offsets.
APPENDIX A. Cost-benefit analysis of generating offsets, BEST CASE SCENARIO, assuming lower fertilizer use and 70% reduction in CO2 emissions 

	Cost of generating offsets for rice farmers:
	 
	 
	 

	Carbon dioxide generation
	 
	 
	13.0
	 

	Revenue of 100% offsets per acre
	 
	 
	$324 
	 

	Revenue per acre from rice
	 
	 
	$2,474 
	 

	Maximum offsets 
	 
	 
	 
	 
	 
	 

	Constants:
	 
	 
	 
	 
	 
	 

	Primary crop
	210
	kg CH4/hectare

	 
	 

	Ratoon crop 
	780
	kg CH4/hectare
	 
	 

	Methane GWP
	25
	 
	 
	 
	 

	Rice Yield
	 
	6959
	lb/acre

	
	 
	 

	Price of rice
	 
	$782 
	(U.S. long grain, $/tonne) in 2008


	Proposed offset price
	$25 
	 
	 
	 
	 

	Rice Wt per bushel
	        45.00 
	pounds

	 
	 
	 

	Conversions
	 
	 
	 
	 
	 
	 

	2.47
	acres per hectare
	1000
	kg per mT
	 
	 

	2200
	lbs/tonne
	2.2
	lbs/kg
	 
	 

	Cost of generating offsets, using a fertilizer switch, BEST CASE SCENARIO (lower fertilizer use, 70% reduction in Co2e emissions)


	Ammonium Sulfate
	 
	 
	 
	Urea (preferred, according to IRRI)

	168.4
	kg of N per acre for yield of about 7000 lb/acre

	168.4
	 

	$0.64 
	per kg of ammonium nitrate (34% N)

	$0.60 
	per kg of urea (46% N)

	$1.89 
	per kg of N
	 
	 
	$1.31 
	per kg of N

	$318.99 
	cost of fertilizer per acre
	 
	$221.13 
	cost of fertilizer of urea

	$97.86 
	difference in fertilizer cost
	 
	 
	 

	$129.07 
	Profit from generating offsets
	 
	 
	 


WORST CASE SCENARIO, assuming lower fertilizer application and 20% reduction in Co2e emissions

	Cost of generating offsets, using a fertilizer switch, BEST CASE SCENARIO (higher fertilizer use, 20% reduction in Co2e emissions)

	Ammonium Sulfate
	 
	 
	 
	Urea (preferred, according to IRRI)

	202.1
	kg of N per acre for yield of about 7000 lb/acre
	202.1
	 

	$0.64 
	per kg of ammonium nitrate (34% N)
	$0.60 
	per kg of urea (46% N)

	$1.89 
	per kg of N
	 
	 
	$1.31 
	per kg of N

	$382.78 
	cost of fertilizer per acre
	 
	$265.35 
	cost of fertilizer of urea

	$117.43 
	difference in fertilizer cost
	 
	 
	 

	($52.59)
	Profit from generating offsets
	 
	 
	 


� Low-range estimate of offset values over the life of the bill based on reports from Environmental Protection Agency, Congressional Budget Office, and Energy Information Administration.  These reports are available online at: �HYPERLINK "http://www.epa.gov/climatechange/economics/economicanalyses.html"�www.epa.gov/climatechange/economics/economicanalyses.html�, �HYPERLINK "http://www.cbo.gov/publications/collections/collections.cfm?collect=9"�www.cbo.gov/publications/collections/collections.cfm?collect=9�, and �HYPERLINK "http://www.eia.doe.gov/oiaf/servicept/hr2454/index.html?featureclicked=2&"�www.eia.doe.gov/oiaf/servicept/hr2454/index.html?featureclicked=2&�.


� 13 metric tons of CO2e per acre * $25 per ton of offset value = $324 per acre


� “The Effects of Climate Change on Agriculture, Land Resources, Water Resources, and Biodiversity in the United States”, May 2008, p32.


� “The Effects of Climate Change on Agriculture, Land Resources, Water Resources, and Biodiversity in the United States”, May 2008, p30.


� Baker, Jeffey T.  “Yield responses of southern US rice cultivars to CO2 and temperature.” Agriculture and Forest Meteorology, 2003.


� Some oxygen exists on the interface of the soil and water layers


� Probably due to lack of water, in contrast in places in Southeast Asia, which have heavy rains


� Minamikawa, K., Sakai, N., Hayashi, H. “The effects of ammonium sulfate application on methane emission and soil carbon content of a paddy field in Japan.” Agriculture, Ecosystems & Environment. Vol 104, Issue 4. May 2005. pp 371-379.  � HYPERLINK "http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T3Y-4FXG2W62&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1058189307&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=deefb0208c73839f1121e7b05b8224a1" �http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T3Y-4FXG2W62&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1058189307&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=deefb0208c73839f1121e7b05b8224a1�


� http://www.ttb.gov/statistics/200812beer.pdf


� http://www.nass.usda.gov/QuickStats/index2.jsp


� Protz, R., The Complete Guide to World Beer (2004), �HYPERLINK "http://en.wikipedia.org/wiki/Special:BookSources/1844428656"�ISBN 1844428656�


� http://www.greenpeace.org/international/press/releases/anheuser-busch-using-experimen


� http://www.goinggreenmatters.com/CommentView,guid,4b5b7618-a22d-4113-8870-f2955b8a1a63.aspx


� http://www.epa.gov/stateply/partners/partners/anheuserbuschcompaniesinc.html


� http://www.nass.usda.gov/QuickStats/index2.jsp


� http://www.climateconservancy.org/cca_fattire.pdf


� http://www.newbelgium.com/files/shared/07SustainabilityReportlow.pdf


� http://stlouis.bizjournals.com/stlouis/stories/2008/04/21/daily42.html


� �HYPERLINK "http://www.omafra.gov.on.ca/english/crops/field/news/croptalk/2008/ct-1108a4.htm"�http://www.omafra.gov.on.ca/english/crops/field/news/croptalk/2008/ct-1108a4.htm�


� http://www.fao.org/docrep/005/Y4620E/y4620e0a.htm


� Cost of rice: http://www.fao.org/ES/ESC/en/15/70/highlight_533.html


� Rice weight per bushel: http://www.norganics.com/applications/bushelwgt.pdf


� SENSITIVITY in % CO2e reduction from fertilizer application, range based on: �HYPERLINK "http://publica.fraunhofer.de/dokumente/B-67780.html"�http://publica.fraunhofer.de/dokumente/B-67780.html�, http://www.ncbi.nlm.nih.gov/pubmed/12653295


� fertilizer use depends on soil type: 2.2 lb/kg, http://www.aragriculture.org/crops/rice/Publications/nitrofert.pdf


� Fertilizer price: �HYPERLINK "http://www.fao.org/docrep/005/Y4620E/y4620e0a.htm"�http://www.fao.org/docrep/005/Y4620E/y4620e0a.htm�, also confirmed by USDA, http://nfat.sc.egov.usda.gov/Scenario.aspx
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