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Climate Change and National Policies 
Implications for Wheat in the United States 

Abstract  

Wheat production will be affected by both climate change and policies to mitigate its effects.  The 
success of mitigation efforts and the design of particular policies are key to determining the extent of 
the impact on agriculture.  In regards to climate, leading domestic and international climate research 
institutions predict significant pressure on yield, weed and pest encroachment, and irrigation needs for 
American wheat producers as a result of changing weather patterns.1 

House of Representatives bill HR 2454 is the first legislative effort passed by either chamber of 
Congress to address climate change.  It proposes a market-based, cap-and-trade mechanism to reduce 
greenhouse gas (GHG) emissions nationwide.  HR 2454 does not cap agricultural emissions, but rather 
allows farmers to mitigate GHGs and sell the credits to others required to reduce their GHG emissions.  
However, the cap on other sectors could have potential implications for the cost of energy inputs like 
fertilizer. 

A number of public agencies, private institutions, and research centers have modeled HR 2454 and 
its potential impact on American agriculture.2  While policies or regulation addressing GHGs may or may 
not closely resemble HR 2454, the analysis of this legislation is the first widespread attempt to study the 
implications of climate legislation for US agriculture.  This analysis will attempt to synthesize the 
available literature and wide-ranging outcomes and implications of climate change and policies for 
wheat production; specifically in regards to the effect of changes in weather patterns, the potential for 
GHG mitigation, and the possible changes to net revenue for wheat producers. 
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Impact  of Changes in Weather  

Many scientists believe that the escalating release of greenhouse gas (GHG) emissions into the 
atmosphere is raising temperatures and changing global climate patterns.  These scientists include the 
National Academy of Science, the National Oceanic and Atmospheric Administration (NOAA), and the US 
Department of Agriculture (USDA) among many others.  Whether these changes are man-made or 
natural, they will still require adaptation for the U.S. agricultural sector. 

The figures below represent one possible scenario for changes in temperature and precipitation 
under a climate change model:3  
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It is widely believed that climate variability could cause: 

Å Shifts in temperature and precipitation 
Å An increase in extreme weather events, such as downpours or droughts 
Å Changes in season length, timing and conditions 

 
Some of the most pronounced effects of climate variability for agriculture in the United States are 

predicted to be extreme weather events, such as heavy downpours and droughts.4  Precipitation in the 
US has become less frequent but more intense, and this pattern is projected to continue.5  Drought 
frequency and severity are also predicted to increase in the future over much of the United States.6 

These weather changes could have implications for agricultural production including: 

Å Changes in crop yield 
Å Variations in plant tolerance 
Å Changes in the water requirements of crops 
Å Prevalence of crop disease, weeds, and pests 
Å Effectiveness of herbicides and pesticides 
Å Shifts in areas where food is produced 

 
Another dynamic is that the availability of carbon dioxide in the atmosphere influences plant 

growth, an effect known as CO2 fertilization.  While CO2 fertilization promotes the growth of plants, it 
also has implications for their chemical composition.7 

The combination of these factors could have a positive or negative impact on farm productivity and 
income depending on the crop and the region where it is produced.  For example, a recent study by the 
International Food Policy Research Institute (IFPRI) estimates that climate change could affect wheat 
production in developed countries by decreasing irrigated wheat yield from -4.9% to -5.7%, while 
increasing non-irrigated wheat yield from 2.4% to 3.1%.8  

Overall, many crops in the United States show positive responses to elevated CO2 and low levels of 
warming, but higher levels of warming would have a negative effect on crop growth and yields.9  
Analysis suggests that even moderate increases in temperature could decrease yields of wheat in the 
US.10  USDA projects that wheat yields could decrease by 6.7% from higher temperatures, or a net 
change of .1% if the effect of CO2 fertilization is taken into account. 11  

While the full impacts of changes to greenhouse gas emissions and the climate continue to be 
analyzed, changes in weather variability have clear risks for US farmers.  There are a number of ways 
to mitigate these risks including reducing and sequestering greenhouse gas emissions, improved 
conservation practices, the use of precision input application and drought resistant seed varieties as well 
as choices about which crops to grow in a changing climate. 
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Climate Policies and Overall  Market Impact  

Things to Consider 

Major factors that affect the impact of climate policies on revenue and offset market potential for 
agriculture: 

Å Is agriculture regulated or considered a capped sector? 
Å What types of offsets are eligible and how are they credited or discounted? 
Å What are the projected changes to energy prices? 

Congress is considering legislation that would limit GHG emissions from sources such as fossil fuel 
suppliers (upstream); utilities or industry (midstream); or transportation (downstream).  A policy known 
as cap-and-trade would cap emissions from utilities or industries and allow emission offsets to be traded 
(cap-and-trade).  The House of Representatives passed a cap-and-trade bill HR 2454 ƪƴƻǿƴ ŀǎ ά!/9{έ in 
spring of 2009, and the Senate is currently focused on similar legislation.  This paper focuses primarily on 
cap-and-trade and HR 2454 because most of the recent analyses and available data have studied the 
impact of this type of legislation for agriculture. 

Under a cap-and-trade market, agriculture could generate additional revenue by selling offset 
credits to industries required to reduce their emissions even though, as an uncapped sector, agriculture 
would likely not be regulated.  These credits would be created by reducing or sequestering (that is, 
storing) GHG emissions through practices such as: 

Å Soil carbon sequestration through production practices such as reduced tillage (no-till or strip-
till) or cover cropping.  

Å Nitrous oxide reductions from fertilizer application (reduced or precision fertilizer application). 
Å Animal waste methane capture. 
Å Forest management and afforestation carbon sequestration. 
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The following table summarizes the significant findings from a range of studies on the effects of HR 2454 
on the agricultural sector nationwide.  Wheat offsets have the potential to join other agricultural offset 
types in a robust market if cap-and-trade legislation is passed in Congress.  These results are discussed in 
more detail in the following sections. 

Study Significant Findings 

University of Tennessee12 Net returns for virtually all major crops are positive under a properly 
constructed cap-and-trade program.  Total net returns for agriculture are 
projected to be $4 billion annually at $27/MtCO2e.  However, if GHG emissions 
are regulated by EPA, net farm income is projected to fall below the baseline. 
 

Nicholas Institute of Duke       
University13 

The agricultural sector as a whole benefits from cap-and-trade policy, with net 
gains of about $1.2 billion to $18.8 billion depending on the price of carbon.  
Payments for GHG offsets are estimated to be $1.5 billion annually at 
$30/tCO2e. 
 

Texas A&M University14 Farm level results differ by farm type and location.  For cash reserves, 27 farms 
had higher and 71 had lower ending cash reserves.  For net worth, 63 farms had 
higher and 35 farms had lower real net worth as a result of cap-and-trade. 
 

USDA15 An offset market will create opportunities for the agricultural sector.  Annual 
gross revenue to farmers from afforestation and agricultural offsets under a 
cap-and-trade program range from about $.8-2.4 billion per year in 2015-20 to 
almost $18-30 billion in 2040-50. 
 

Informa Economics16 Corn, wheat, and soybean all see a net revenue increase sector-wide.  
Continuous no-till adopters see net revenue increases of approximately $35, 
$45, and $85 an acre for corn, wheat, and soybean respectively. 
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Net revenue potential varies among offset type, commodity and region.  For example, the following 

map from the University of Tennessee study demonstrates regional distribution of net returns for all of 
agriculture under a cap-and-trade scenario with offsets.17 

 
 

The University of Tennessee 
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Offset Types and GHG Mitigation Potential for  Wheat 

Things to Consider 

Major factors that impact offset types and GHG mitigation potential for wheat: 

Å Geographic features: climate zones, soil type, and topography. 
Å Producer driven factors: crop type, crop rotation, and historical management. 

A variety of mitigation opportunities exist for wheat producers, as with most row crops, to mitigate 
GHGs, mainly carbon dioxide (CO2) and nitrous oxide (N20).  For example, production practices like no-till 
or cover cropping can sequester additional carbon or organic matter in the soil.  The degree to which a 
particular practice sequesters carbon depends on a variety of geographic, climatic, and historical factors: 
topography, regional climate, crop rotation, etc.18  In a frequently cited study, R. Lal et al. estimated that 
275 to 763 MMT/CO2e per year can be sequestered annually in United States cropland from a variety of 
cropland management techniques, of which wheat makes up a significant percentage. 19  Wheat 
producers could also produce GHG offsets from practices such as afforestation and switching to 
perennial crops, but this section focuses on crop production practices that do not require acreage shifts 
out of wheat farming. 

The below chart by Informa Economics displays the sequestration rates of production practices that 
most wheat producers are able to implement.20  The full chart of mitigation rates by practices is 
available in the Appendix, Figure 1. 
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Some mitigation practices are able to mitigate both CO2 and N2O while others can mitigate only one 
or the other; and further still, a few practices might mitigate one of the GHGs and emit the other.  The 
chart below from the IPCC assessment report shows agricultural mitigation practices and their mitigative 
effects on GHGs.21  See Appendix, Figure 2, for a chart comparing the offset types of the Informa and 
IPCC studies. 

 

The following chart from Kansas State University summarizes the offset types used in a number of often 
cited studies complete on HR 2454.22   

 

Informa Economics, not included in the above chart, focused only on continuous no-till in their 
assessment of potential revenue gains for farmers from offset sales under cap-and-trade.  As with all 
mitigation practices and crop types, sequestration potential will vary among the main geographic 
regions for wheat.  The Informa study presented the most thorough information on variation in 
sequestration potential by region of the studies reviewed.  Notably, Informa found that adoption rates 
for continuous no-till farming are likely to be greater east of the Mississippi River than west of the 
river.23  Informa predicts that by 2035, 83% of wheat acreage will be operated with continuous no-till if 
cap-and-trade has been instituted.24 
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Variation in sequestration potential for wheat and other major crops across regions is demonstrated 
on the following map from the Informa study.25  Historical use, climatic factors, and soil quality vary 
greatly among the regions, and even still within each of the regions, but finding an average for each 
region could be critical in eventually standardizing agricultural sequestration rates.  Figure 3 in the 
Appendix of this study includes regional sequestration rates from USDA. 
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Changes to Costs of Production  

Things to Consider 

Major factors that impact production costs in climate policies: 

Å Projections of overall changes to energy costs for the economy. 
Å Energy intensity of production for specific crops or regions. 
Å How Energy Intensive Trade Exposed (EITE) industries are compensated. 

Projections of energy cost increases to agriculture due to the adoption of climate policy vary widely 
and have resulted in a highly charged debate.  Wheat production is an energy intensive practice with 
necessary inputs of natural gas, fuel, and electricity that could be subjected to increases in costs from 
climate legislation.  ¢ƘŜ ¦{5!Ωǎ 9ŎƻƴƻƳƛŎ wŜǎŜŀǊŎƘ {ŜǊǾƛŎŜ ŦƛƴŘǎ ŜƴŜǊƎȅ costs to be ~60% of the share of 

total operating costs for wheat.26  Per-acre energy expenses for rice and cotton are generally higher 
than per acres expenses for corn and wheat, but as a proportion of total operating costs, they are 
typically lower. 27 

Of the major models and studies of HR 2454Ωǎ Ŝffect on the agriculture sector, USDA, Nicholas 
Institute, University of Tennessee ŀƴŘ нрȄΩнр, and Texas A&M University all use energy cost data from 
9t!Ωǎ нлл9 analysis, while Informa ǳǎŜŘ 9L!Ωǎ ōŀǎƛŎ ǎŎŜƴŀǊƛƻΦ  ¢ƘŜ ŎƘŀǊǘ ōŜƭƻǿ from Informa Economics 
shows the difference between the EPA basic and EIA basic energy price estimates.28  

 
 

Despite the use of the same energy price impacts for many of the studies, the results of modeled 
price impacts on the sector do vary depending on the model and assumptions used.  A major 
assumption included in these studies is the impact from subsidized allowances for Energy Intensive and 
Trade Exposed (EITE) industries that can significantly reduce transitional cost increases for producers.  
Informa, tƘŜ ƻƴŜ ǎǘǳŘȅ ǘƘŀǘ ŘƛŘ ƴƻǘ ǳǎŜ 9t!Ωǎ ǇǊƛŎŜ ŜǎǘƛƳŀtes, found that by 2020 the production cost is 
expected to be $2.67 an acre above reference case costs, or only 1.6% of total variable costs.29  If EITE 
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allowances had not been included, production costs could have risen $5.00 an acre, a $2.33 increase 
above if they had been allowed.30  However, by 2035, Informa projects the cost of production could be 
over $20/acre above reference costs as the EITE allowances are phased out.31 
 

 
 

The USDA study, which uses the EPA 2009 numbers and includes scenarios for both EITE and no 
EITE, finds the annual average change from 2012-2018 to be $0.66 (.6%) of total variable costs of 
production for wheat.  Without EITE legislation USDA expects increases of $2.49 (2.2%) over a similar 
time frame.32   The USDA also projects the impacts of input price chances for wheat per acre of variable 
costs of production to be mid-term $4.94 (4.5%) and long-term $10.34 (9.5%) as the EITE allowances are 
phased out.  These prices are comparably lower than the Informa prices.33   
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Net Economic Result with  Wheat Offsets 

Things to Consider 

Major factors that impact offset value and net wheat revenue: 

Å Which offset types are eligible for the market? 
Å What are the projected carbon prices? 
Å Maintaining low transaction costs and barriers to entry. 
Å Approaches to duration / permanence, additionality, and other criteria that determine market 

value. 
Å Impact on commodity prices, land values and other net revenue changes. 

While all sectors of the economy could be affected by energy cost increases from carbon policy, it is 
clear that wheat farmers could also greatly benefit from additional revenue generation from carbon 
market legislation.  Development of offset projects, such as continuous no-till, cover cropping, and 
fertilizer management are key to farmers participating in a robust offset market.  A number of the 
recent studies and economic models completed on HR 2454 have shown that costs resulting from cap-
and-trade will likely not be outweighed overall by other revenue benefits such as GHG offsets. 

InformaΩs study, which focused on continuous no-till as the only offset type, found that the wheat 
industry overall will come out ahead if cap-and-trade is adopted.34  For the 83% of wheat acreage they 
expect to adopt no-till , net revenue per acre is expected to be close to $45/acre inclusive of adoption 
costs, as seen on the chart below.35  
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 Informa goes on to state that because of lower input cost impacts for wheat, there are smaller 
potential loses and greater potential gains than for corn under cap-and-trade.  On average, wheat 
farmers are expected to receive net revenue increases of $30/acre as a result of this regulation. 

Texas A&M found that 8 out of the 11 wheat farms they sampled improved their average ending 
cash reserves under cap-and-trade.36  These farms ranged from large to small and represented wheat 
farms across the country.  The same study also found that all 11 wheat farms improved their average 
ending real net worth under cap-and-trade when compared to the baseline.37 

The University of Tennessee study also saw significant gains for the wheat production sector over a 
similar time frame (2010-2025) with the assumption that multiple offset types are available.38  Wheat 
experiences the third highest increase of traditional row crops in average change in crop returns at $210 
million annually, and was also one of the top gainers in net carbon receipts at $91 million annually. 39  

Commodity Price Changes 

Commodity prices are expected to rise as a result of climate legislation as changes to input costs and 
production are reflected in market value.  This is expected to help farmers recoup increased input costs 
in addition to GHG offset revenue.  The USDA, UƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜƴƴŜǎǎŜŜ ŀƴŘ нрȄΩнр, and the Nicholas 
Institute studies found somewhat similar commodity price changes over the short to mid-term: USDA 
predicted an increase of 10% from 2012 to 2018; UT 25xΩ25 predicted a 6.2% increase above the 
baseline by 2020; and the Nicholas Institute predicts the largest increase of 14.23% at $30/tCO2e.  The 
Texas A&M study is the one outlier that predicts virtually no price increases for wheat against their 
baseline by 2016.   
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Acreage Shifts 

Things to Consider 

Factors that impact acreage shift out of wheat: 

Å Consideration of cultural and geographic realities, such as barriers to afforestation. 
Å Prediction of carbon prices. 
Å Availability of other offset types that are compatible with production. 

 Acreage shifts out of food and fiber crop production, such as afforestation, perennial crop 
production, or a shift to energy crops, vary widely throughout the studies examining HR 2454.  
Afforestation is when trees are planted on land that has not been forest recently, such as cropland or 
pastureland.  All of the studies reviewed in this analysis see some acreage shift as a result of the 
economic implications of cap-and-trade legislation on farmers and farmland. 

¢ƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜƴƴŜǎǎŜŜΩǎ cap-and-trade with multiple offsets scenario (Multiple Offsets/RCN) 
shows the least significant shift in wheat, at only 1.2 million acres by 2025.40 
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The Informa study estimates a greater shift from cropland into afforestation and perennial crop 
production than the UT study, with a 7-12% shift of total acreage for corn, wheat, and soybean from 
their baseline scenario.41  Informa also points out that marginal or lower yielding land is expected to 
shift first, and that even at $167/MtCO2e, prime cropland is not expected to shift into forestry or 
perennial crop production.42  They expect net returns for average yields in prime cropland to remain 
higher than net revenues from either forestry or perennial crops, even at the highest estimated price for 
carbon.43  The Southern regions are expected to have larger acreage shifts out of corn, soybean and 
wheat production, while the Heartland is likely to lose the least amount of cropland.44  Of the three 
crops Informa examines, wheat is expected to decline the most as a percentage of its baseline.  This is 
potentially due do the ease of shifting from wheat to a perennial crop such as switchgrass or other 
energy crops. 

The USDA analysis presented by Chief Economist Dr. Glauber on December 3, 2009 to the House 
Agriculture Committee estimated that by 2035, 34.4 million crop and pasture acres will be converted to 
forest, with approximately 60% of this shift coming from cropland.45  The Corn Belt is expected to bear 
the brunt of the acreage shift, accounting for 12.2 million of the total 21 million cropland acres 
predicted to be converted to forest by 2035.46 

¦{5!Ωǎ ŜȄǇŜŎǘŜŘ ǎƘƛŦt of cropland to forest in the Heartland is in clear opposition to InforƳŀΩs 
prediction of minimal afforestation in the same region.  Informa suggests their study reflects minimal 
shifting to forestry in the Heartland because they account for cultural resistance, barriers to entry, and 
narrow yield distributions; not relying solely on carbon price and crop price to determine the effect.47 
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Conclusion  

 
This study compiled available information on the potential outcomes and implications of climate change 
for wheat production; specifically in regards to the effect of changes in weather patterns, potential for 
GHG mitigation, and expected changes in net revenue as a result of climate policy.  A properly designed 
policy has the potential to generate income for American wheat producers through the sale of GHG 
offsets and other changes to net revenue.  Several studies indicate that climate legislation has the 
potential to generate an overall increase in net revenue for agriculture even when input costs are taken 
into account. 
 
The outcome of policies designed to mitigate greenhouse gases depends on the specifics of the policy.  
This study indicated some of the factors in each section that could potentially affect the costs and 
benefits of climate policy for agriculture.  These factors are summed up below. 

Major factors that affect the impact of climate policy  on revenue and offset m arket potential for 
agriculture :  

Is agriculture regulated or considered a capped sector? 
What types of offsets are eligible and how are they credited or discounted? 
What are the projected changes to energy prices? 

Major factors that impact offset types a nd mitigation potential for wheat : 
Geographic features: climate zones, soil type, and topography. 
Producer driven factors: crop type, crop rotation, and historical management. 

Major factors that impact production costs in climate policies:  
Projections of overall changes to energy costs for the economy. 
Energy intensity of production for specific crops or regions. 
How Energy Intensive Trade Exposed (EITE) industries are compensated. 

Major factors t hat impact wheat  offset revenue:  
Which offset types are eligible for the market? 
What are the projected carbon prices? 
Maintaining low transaction costs and barriers to entry. 
Approaches to duration / permanence, additionality, and other criteria that determine market value. 
Impact on commodity prices, land values and other net revenue changes. 

Factors that impact acreage shift out of wheat : 
Consideration of cultural and geographic realities, such as barriers to afforestation. 
Prediction of carbon prices. 
Availability of other offset types that are compatible with production. 



 

 
w w w . a g c a r b o n m a r k e t s . c o m 

 
Page 18 

Appendix  

Figure 1 

Agriculture has the potential to offset GHG emissions by reducing GHG emissions or sequestering 
GHGs.  Sequestration rates vary from less than 0.5 Mt CO2e per acre to as much as 4.25 Mt Co2 per acre 
depending on the offset type and factors regarding the specific acre where it is taking place.  The chart 
below from Informa Economics lists sequestration practices and their rates.48 
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Figure 2 

The following chart is a comparison of offset type terminology based on information from the 
International Panel on Climate Change and Informa Economics.49 
 

IPCC Informa Economics 

Agronomy Improved crop rotations and 
winter cover crops; Elimination 
of summer fallow; Use of organic 
manure and byproducts 

Nutrient Management Improved fertilizer management 
(precision farming)  

Tillage/residue management Conservation to no-till 

Water Management Improved irrigation management 

 

Figure 3 
The USDA study includes a chart with an estimate of carbon sequestration by US region based on a 

carbon price of $34/ Mt CO2e.50  Although the regions somewhat overlap with the map from the Informa 
study, it is difficult to compare sequestration rates per acre for specific crops and economic potential 
across the studies.  USDA estimates 101MT CO2e sequestered through changes in tillage practices and 
another 488 MTCO2e sequestered through afforestation as shown in the chart below.51 
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Figure 4 
The University of Tennessee нр Ȅ Ωнр ǎtudy displays mitigation potential in terms of carbon flux, or 

ǘƘŜ ƴŜǘ ŀƳƻǳƴǘ ƻŦ ŎŀǊōƻƴ ǘƘŀǘ ƭŜŀǾŜǎ ŀ ǎȅǎǘŜƳΦ  ¢ƘŜ ǘŀōƭŜ ōŜƭƻǿ ǎƘƻǿǎ ¦¢Ωǎ cap-and-trade scenario 
with multiple offset types as the most effective at minimizing net carbon flux across agriculture.52  The 
ƎǊŀǇƘ ŦǳǊǘƘŜǊ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ¦¢Ωǎ cap-and-trade with multiple offsets scenario when 
compared to the baseline and to an EPA-led command and control regime. 

 

Figure 5 
The Nicholas Institute conveys their carbon flux mitigation potential by offset type and carbon price 

scenario. 
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Figure 6 
The following chart shows the soil carbon sequestration potential of four land management 

techniques from each climatic region of the United States.53  This table is reported using Carbon 
equivalence (C) as opposed to Carbon Dioxide equivalence (CO2e) as most other studies in this report 
use.  Following the table is another table with the totals converted to CO2e. 

 

 
 
 

Carbon Equivalence (C) Carbon Dioxide Equivalence (CO2e) 
1MTC 3.677 MTCO2e 

20.2 MMTC 74.06 MMTCO2e 
3.2 MMTC 11.73 MMTCO2e 
10.9 MMTC 39. 97 MMTCO2e 
22.9 MMTC 83.97MMTCO2e 
30.3 MMTC 111.11 MMTCO2e 

 
 
 
 


