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Climate Change and\National Policies
Implications for Wheatin the United States

Abstract

Wheatproduction will beaffectedby both climate change angoliciesto mitigate its dfects. The
success of mitigation efforts and the design of particular policies are key to determining the extent of
the impacton agriculture.In regards to climateebhding domestic and international climate research
institutions predict significant pressure on yield, weed and pest encroachment, and irrigation needs for
Americarwheat producers as a result of changing weather patterns

House of Representatives bill 2854 is the first legislative effort passed by either chamber of
Congresdgo address climate chaeg L proposes a markebased, cagandtrade mechanisnto reduce
greenhouse gas (GHG) emissions nationwide. HR 2454 does not cap agricultural emiggiatigrbu
allowsfarmersto mitigate GHG and sell the credits tothers requiredto reduce theirGHGemissions.
However, the cap on other sectors could have potential implications for the cost of energy inputs like
fertilizer.

A number of public agenciggtivate institutions, and research centers have modeled HR 2454 and
its potentialimpact on American agricultufeWhile policiesor regulation addressinGHGsnay or may
not closely resemble HERI54, the analysis of this legislation is the first wideggrattempt to study the
implications of climate legislation for US agricultufidnis analysis will attempt to synthesite
available literature anavide-ranging outcomeand implications of climate changed policiedor
wheat productiort specificallyn regards tahe effect of changes in weather patterrntie potential for
GHGmitigation, andthe possible changes to net revenue faneat producers
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Impact of Changesin Weather

Many scientists believe that the escalating release of greenhouse gas (GHG) emissions into the
atmosphere is raising temperatures and changjtabal 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 ammadaror
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 mod&l:

Figure |—Change In average maximum temperature (°C), 2000-2050
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It is widey believedthat climate variability could cause:

A Shifts in temperature and préatation
A Anincrease in extreme weather events, such as downpours or droughts
A 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 extremeveatherevents such as heavy downpours and drough®recipitation in the
US has become less frequent but more intense, and this pattern is projected to contbnoeight
frequency and severity are also predicted to increase in the future over much of thedStates

These weather changes could have implications for agricultural production including:

Changes in crop yield

Variations in plant tolerance

Changes in the water requirements of crops
Prevalence of crop disease, weeds, and pests
Effectiveness ofdrbicides and pesticides
Shifts in areas where food is produced

Too To Do T T I

Another dynamic is that the availability of carbon dioxide in the atmosphere influences plant
growth, an effect known as G@rtilization. While C&Xertilization promotes the growth of pls, it
also has implications for their chemical composition.

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 receri\sthdy
International Food Policy Research Institute (IFPRI) estimates that climate change could affect wheat
production in developed countries by decreasing irrigated wheat yield &% to-5.7%, while
increasing nosirrigated wheat yield from 2.4% t8.1%®

Overall, many crops in the United States show positive responses to elevaiethlow levels of
warming, but higher levels of warming would have a negative effect on crop growth and¥ields.
Analysis suggests that even moderate increases in temperature could decrease fyefgstn the
US!X USDA projects that wheafields could decreadsy 6.7% from higher temperatures, or a net
change of .1% if the effect of CO2 fertilization is takea account™

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 farm&here are a number of ways
to mitigate these risks including reducingdasequetering greenhouse gas emissioimaproved
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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Cimate Policies and Overall Market Impact

Things to Consider

Major factors that affect the impact ofclimate policieson revenue andoffset market potential for
agriculture:

A Is agricultureegulated or considered capped sector?
A What types of offsets areligibleand how are they credited or discounted
A What are the projecte¢hanges tanergy prices?

Congress is considering legislation that wdirdt GHG emissions from sources such as fossil fuel
suppliers (upstream); utilities andustry(midstream); or transportation (downstream). A policy known
as capandtrade would cap emissions from utilities or industries atidw emission offsets to beaded
(capandtrade). The House of Representatives passed aaodgrade billHR 2454 y2 ¢y | an &'/ 9{ ¢
springof 2009 and the Senate is currentlgdused on similar legislation. This paper focuses primarily on
capandtrade and HR 2454 becausw4 of the recent analyseand available data hav&udied the
impact of this type of legislation for agriculture.

Under a capandtrade market, agriculture could generate additional revenue by selling offset
credits to industries rquired to reduce their emgsiors even though, as amaapped 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:

A Soil carbon sequestration througimoductionpradices such as reduced tillageo-till or strip-
till) or cover cropping

Nitrous oxide reductions from fertilizer applicatigreduced or precision fertilizer application)
Animal waste methane capture

Forest management and afforestation carbon sequegira

o Do o
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The following table summarizes the significant findings frormrae of studiesn the effects oHR 2454

on the agricultural sectanationwide Wheatoffsets have the potential to join other agricultural offset
types in a robust market dap-and-trade legsslation is passed in Congress. These results are discussed in
more detail in the following sections.

Net returns for virtually all major crops are positive under a properly
constructedcapandtrade program.Total net returns for agriculture are
projected to be $4 billion annualbt $27/MtCQe. However, if GHG emission:
are regulated by EPA, net farm income is projected to fall bétebaseline

The agricultural sector as a whole benefits from-aap-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/tCQe.

Farm level results differ by farm type and locatidfor cash reserves, 27 farm
had higher and 71 had lower ending cash reserves. For net worth, 63 farrr
higher and 35 farms had lower real net worth as a result ofaragtrade.

An offset market will create opportunities for the agricultural sectdnnual
gross revenudo farmers from afforestation anegricultural offsetsinder a
cap-andtrade progranrange from about $.€.4billion per year in 20180 to
almost$18-30 billion in 204€60.

Corn, wheat, and soybean all see a net revenue increase ssider
Continuous néeill adopters see net revenue increases of approximately $35
$45, and $85 an acre for corn, wheat, and soybean respectively.
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Net revenuepotential varies among offset type, commodity and regidior example,he following
map from tie Unversity of Tennessee study demonstrategional distribution of net returns faall of
agriculture under @ap-andtrade scenariowith offsets'’

The University ofTennessee
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Offset Types and GHGMitigation Potential for Wheat

Things toConsider

Major factors that impact offset types andGHGmitigation potential for wheat:

A Geographic featureslimate zones, soil type, and topography.
A Producer driven factorsrop type, crop rotation, and historical management.

A variety of mitigatioropportunities existdér wheatproducers, as with most row crop® mitigate
GHGs, mainlgarbon dioxide €Q) andnitrous oxide K,0). For example, production practices like-tilb
or cover cropping can sequester additional carbon or organic mattéreisoil. Thedegree towhich a
particularpracticesequestes carbon dependsn a variety of geographic, climatic, and historical factors:
topography, regional climate, crop rotation, €ftln a frequently cited studyR. Lal et al. estimatetthat
275 t0763 MMT/CQe per year can be sequesteredramally in United Statesropland from a variety of
cropland maagement techniques, of which wheatakes up a significant percentad® Wheat
producerscouldalsoproduce GHG offsefrom practicessuch as Horestation andswitching to
perennial crog, but this section focusem crop productionpractices that do not rguire acreage shifts
out of wheatfarming

The below chart by Informa Economdisplays the sequestration rates pfoductionpractices that
mostwheatproducers are abléo implement®® The full charbf mitigationrates by practicess
available in theAppendix Figure 1

Figure 4: Carbon Sequestration Rates (SR) by Practice

Carbon Sequestration Rates - Mt CO2e/ac
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Somemitigation practicesare able to mitigate both G@nd NO while others camitigate only one
or the other, and further still, a few practices might niite one of the GHGs and ertifie other. The
chart belowfrom the IPCC assessment report sh@agsculturalmitigation practices and themitigative
effects on GHGS. See AppendixFigure 2for a chart comparing the offset types of the Informa and
IPCC studies.

Table 8.3: Propased measures for mibgating greenhouse gas enissions from agricuttural ecosystems, their apparent effects on reducing emissions of indmdial gases where
adopted (mitigative effect) and an estimate of scientific confidence that the proposed practice can reduce overall nef emissions at the site of adoption

' 7 (oonﬂdmoq
Cropland Agronomy +/-
management Nutrient management ‘ + s -
Tillage/residue management + +/- = =
Water management (irrigation, drainage) ol ' . .

The following chart from Kansas State University summarizes the offset types used in a number of often
cited studies complete oHR 24542

Babcock at Center Food and
Agricultural and  Agricultural Policy  for Agricultural and  Agricultural Policy Nicholas Institute for
Food Policy Center  Amalysis Center  Rural Development  Research Institute Environmental

(AFPC) at Texas (APAC) at (CARD) at Iowa (FAPRI) at Policy Solutions

A&M University University of Staee University University of (NIEPS} at Dake
Item (2008) Tennessee (20(9) 12008) Missour (2009) University (2009) USDA (2009)
Couversion to Neo-Till Yes Yes Yes No Yes No
Methane Capture Yes Yes Yes No Yes No
Nitrous Oxide Reduction No No Yes No Yes No
Pastureland Sequestration No Yes No No Yes No
grr?;;xtiou of Bio-enesgy No Yes No No Yes No
Aforestation NR! Yes Yes No Yes No
Forestry Sector Offsets No NR No No Yes No
Wind and Solar No No No No No No

1: AFPC {2009} does oot specifically meaison carbon cradits for aforesiztion. bik mcludes the impact of forstation ca commedsty prices.

Informa Economig; not included in theabove chartfocusedonly on continuous netill in their
assessment of potential revenue gains for farmfeosn offset salesindercap-andtrade. As with all
mitigation practices and crop typesequestration potential will vary amortge main geographic
regionsfor wheat The Informa study presented the most thorough information on variation in
sequestration potential by region of the studies reviewéhtably, Informafound that adoption rates
for continuous néetill farming are likely to be greaterast of the Mississippi River than west of the
river.”® Informapredictsthat by 2035, 8% ofwheatacreage will be operated with continuous-tib if
cap-andtrade has been instituted?
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Variation insequestration potential for wheaind other major cropacross regiosis demonstrated
on the following map from the Informa study.Historical use, climatic factors, and soil quality vary
greatly among the regionand even still within each of the regions, but finding an average for each
region could be ctical in eventually standardizing agricultural sequestration rategure3in the
Appendix of this study includes regional sequestration rates from USDA.

Notthern Geeat Plains

fasinlandiRange)

No Till Sequestration Rates
(COZe Tonnes per Acre)
051

B cem
Soybeans
Wheat

B coton

o———————
o informa eceuomics
£ 2009 informa Ecanomics, inc L B
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Changes to Gosts of Production

Things to Consider

Major factors thatimpact production costs inclimate policies:

A Projections of overall changes to energy costs for the economy.
A Energy intensity of productiofor specific cropsr regions
A How Energy Intensive Trade Exposed (EITE) industries are compensated.

Projections oEnergycost increaesto agriculturedue to the adoption otlimate policywary widely
and have resulted in bighly charged debate. Wheptoduction is an energy intensive practice with
necessary inputs of natural gas, fuel, and electricity that could be subjected taseshe costsfrom
climatelegislation.¢ KS | { 5! Q4 902y 2YA O wXdst to NOB® cfttieBd@madS TFTAYR
total operating costs for wheaf Peracre 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?’

Of the major models and studies R 2459 Hfecton the agriculture sctor, USDANicholas
Institute, University of Tennesséey R H, pnd Dexgs A&Nniversityall useenergy cost data from
9t ! Qaanalysis whilinformadza SR 9L! Qa o &A O &ffO® IyfforiNdAERoomics KS  OK |
shows the difference betweerne EPA basic and EIA basic energy price estirffates.

Cap and Trade Energy Price Impact (relative to reference case)

2020 2030 2035
(nominal$) Low Base High Low Base High Low Base High
Carbon Price ($imtCO2e)| § 2229 | § 40.75 $123.56| § 4569 $104.94 $328.37 64.98 167.16 528.74
Diesel (cents/gallon) 20.59 3257 11065 42.32 7831 29955 54 60 93.10 356.10
Natural Gas ($/thous f.7) 0.99 1.47 7.66 1.89 3.81 19.35 233 453 23.00

*EIA’s reference case, basic case and high price scenarios are extended from 2030 to 2035 based on
average growth rate of previous three years.

“*Nominal dollars for the low price case, which is based on EPA’s basic case, are derived using EIA’s
inflation forecast. EPA only reports their forecasts in real dollars.

Sources: EIA (high and base), EPA (low)

Despite the use of the samanergyprice impacts for many of thstudies, the results of modeled
price impacts orthe sectordo vary depending othe model and assumptions useé major
assumptionincluded in these studies ib¢ impactfrom subsidizedllowances foEnergy Intesive and
Trade Exposed (EITE) industtiest cansignificantlyreducetransitionalcost increases for producers.
Infforma, KS 2y S addzRe (KI G RAtés, foyrdl thatlz2020 tRgtrdd@tionchdNids O S
expected to be $57 an acre above reference case costs, or b of total variable costs. If EITE

(0p))
ax
c:
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allowances had not been included, prodiact costs could have risen $5.00 an acre, a $R\@8®ase
aboe if they had been allowelf. However, by 2033nforma projectshe costof productioncouldbe
over $D/acre above reference costs ## EITE alwances arghased out

Figure 3: Basic Scenario U.S. Wheat Production Cost Impacts

250

[*1 Added Fertnzer Impact - (zero allowances)
B ertiizer

200 | [BTransport (Famm- ElevatorProcessor) $21,06/7.3%
| uel Lube, and Electricly

15.0 1

..........
1

100 A "
$9.52/4.1%

50

Production Cost Impacts (relative to reference)
($/acro)

3384!1%

2015 2030 2035
$ per Acre ) % of Refevenca Case Vanable

*Does not include fuel efficiency increases beyond that assumed in the reference case.
Source: Informa Economics and EIA

The USDA study, which ugas EPA 2009 numbers and includes scenarios for BOXE and no
EITEfinds the annual average chanfyjem 20122018 to be $0.66 (%)of total varidle costs of
production for wheat Without EITE legisiah USDA expects increases of $322%) over a similar
time frame®* The USDA also projects thegactsof input price chances for wheaer acre of variable
costs of production to benid-term $4.94 (4.%) andongterm $10.34 (9.%) as the EITE allowances are
phased out. These prices are comparably lowanthe Informa prices?
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Net Economic Result with Wheat Offsets

Things to Consider

Major factors thatimpact offset value and netwheat revenue:

Which offset types are eligible for the market?

What are the projead carbon prices?

Maintaining low transaction costs and barriers to entry

Approaches tauration / permanence, additionality, another criteriathat determine market
value

Impact on commodity pricedand valuesind other netrevenue changes

o Do Do I P>

While all sectors of the economy could be affectecehgrgycost increasefrom carlon policy it is
clear that wheafarmerscould alsagreatly benefitfrom additional revenue generatidinom carbon
market legislation Development obffset projects,such asontinuous netill, cover cropping, and
fertilizer management are key farmers participatingin a robust offset marketA number othe
recent studies and economic models completedHiR 245have shownhat costs resulting fromap
andtrade will likelynot be outweighedverallby other revenuebenefits such a&HG offsets.

Informa® study, whicliocused orcontinuous netill asthe onlyoffset type found thatthe wheat
industryoverallwill come out ahead ifapandtradeis adoped.®* For the 83% of wheatcreagethey
expect to adopt ndill, net revenueper acreis expeced to be close to $4%creinclusive of adoption
costs, as seen on the chart beldWw.
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Figure 8: U.S. Wheat: Base Scenario Net Impacts
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Source: Informa Economics analysis; EIA basic energy scenario

Informa goes on to state thdtecause of lower input cost impacts for wheat, there are smaller
potential loses and greater potential gains than for corn uralgrandtrade. On average, wheat
farmers areexpected to receive net revenue increases of $30/acre as a result of this regulation.

Texas A&M found that 8 out of the 11 whdatms they sampled improved their average ending
cash reserves undeapandtrade.®® These farms ranged from large to small and representelkat
farms across the country.h&@ same study also found that all 11 whéatms improved their average
ending real net worth undetap-andtrade when compared to the baselin@.

TheUniversity ¢ Tennessestudy ato saw significant gaingor the wheatproduction setor over a
similar time frame (2012025)with the assumption that multiple offset types are availaflaNheat
experiences the third highest increase of traditional row cropsvierage change in crapturnsat $210
million annually,andwas alsoone of the top gainers in net carbon receipts$91 million annually®®

Commodity PriceChanges

Commaodity prices are expected to rise as a resuliofatelegislationas changes tmput costs and
production are eflected inmarketvalue This is expected toelp farmers recoup increased input costs
in addition to GHG offseevenue The USDAJYY A GSNEA (& 2 F ¢, SnbiyhEMiechdaS | yR HpE
Institute studies found somewhatsimilar commodity price changes over tsBhort to midterm: USDA
predictedan increase 010% from 2012 to @1L8;UT 2525 predicteda 6.2%increaseabove the
baseline by2020Q and the Nicholas Institute predicts the largest increase of 14.23% at $3@/tCiDe
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 thaimpactacreageshift out of wheat

A Consideration o€ultural and geographic réifies, such as barriers to afforestation
A Predictionof carbon prices
A Availability of other offset types that are compatible with production

Acreage shifts out of food and fiber crgpoduction such asfforestation perennial crop
production, or a stit to energy crops, vary widely throughout theudies examiningdR 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 afap-and-trade legislation on farmers and farmland.

¢KS ! YA OBSNEA capang-fFadewEnyyiltpke affSefssedario (Multiple OffsetsRCN)
shows theleast significant shift ivheat, at only 1.2 million acresy 2025%°

Table 4. Estimated Land Use by Scenario, 2025

Multiple Offsets /
Baseline RCN EPA Led

(million acres)
Corn 90.5 89.3 90.2
Soybeans 65.9 63.0 62.9
Wheat 52.0 50.8 50.5
Hay 75.8 91.0 85.0
Ded. Energy Crops 49.5 76.4 66.9
Pasture 355.1 3187 334.2
Total Land 688.8 689.2 689.6
(Pasture Converted) 50.1 84.3 68.8
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The Informa study estimates a greater shift from cropland into afforestation and perennial crop
productionthan the UT studywith a 7-12%shift of total acreage for car, wheat, and soybean from
their baseline scenarit). Informa also points outhtat marginal or lower yielding land is expected to
shift first, and that even at $167/MtG€) prime cropland is not expected ®&hift into forestry or
perennial crop productio’ 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 $tigistimated price for
carbon?® The Buthern regions are expected to have larger acreage shift®beorn, soybean and
wheat production while the Hartland is likely to Ise the least amount of croplarfd.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 switclogratber
energy crop.

The USDA analysis presed byChief EconomistDr. Glauber on December 3, 20@9the House
Agriculture Committee estimatkthat by 2035 34.4 million crop and pastuires will be converted to
forest, with approximately 60% of this shift coming from cropldndhe Corn Beltsiexpected to bear
the brunt of the acreage shjfaccountingor 12.2 million of the total 21 million cropland acres
predicted to be converted tdorest by 2035°

{51 Q& S EtbISropfaddRo faretinEhe ebrtland is in clear oppositiot InforY | sQ
predictionof minimal afforestation in the sameegion Informa suggests their study reflecténimal
shiftingto forestryin the Heartland because they account for cultural resistance, barriers to eay,
narrow yield disttutions; not relyingsolely on carbon price and crop prigedetermine the effect”’
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Conclusion

This study compiled availahilgformationon the potential outcomes and implitans of climate change
for wheatproduction; specifically in regards to the effect of changes iather patterns potential for
GHG mitigation, andxpected changes in net revenue as a result of climate poAcgroperly designed
policy has the potential to generatacome for Americarwheatproducers through the sale of GHG
offsetsand other change® net revenue Several studies indicate thalimate legislation has th
potential togenerate an overall increase in net revenue for agriculture even wipart coss are taken
into account

The outcome of policies designed to mitigate greenhousegdspends 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 market 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 change® 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 productiorfor 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 taduration / permanence, aditionality, and other criteria that determine market value
Impact on commaodity 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 ofcarbon prices
Availability of other offset types that are compatible with productian
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Appendix

Figure 1

Agriculture has the potential to offset GHG emissions by redUsHG emissions sequestering
GHGs. Sequestration rates vary from less than 0.5 Mt CO2e per asentiach 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 listequestration practices and their raté&s.

Figure 4: Carbon Sequestration Rates (SR) by Practice

Carbon Sequestration Rates - Mt CO2e/ac
0.0 05 1.0 1.5 20 25 3.0 35 40 45

A 4 A ! ! ! ! |

Afforestation of cropland /1 [
Croplands shmed to perennlal grasses

p
s34
o
ap6 Conservation Buffers/2 I |
Cas Restoration of wetlands |l
o |
g Conservation to No-Till /3
§ Improved crop rotations and winter cover crops - |
s i i i i i
a o Elimination of summer faliow i ‘W Average mHigh mMaximun
5 Improved fertilizer manager i E..
35 Use of organic manure and byproducts /4 |
8 Improved irrigation management i ‘
a | ||
2, Afforestation of pasture _
i § Rangeland management [l
S |
® S Improved use of fertilizers - P
3 qs, Use of organic manure — ;
a."& cé’ Planting of improved species [N '
2 Grazing management —

Notes to this table are included in page 100.
Source: USDA, CCX, DOE, Informa Economics
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Figure 2

The following chart is a comparison of offset type terminolbgged on informatiorirom the
International Panel on Climate Change and Informa Econdthics.

IPCC Informa Economics
Agronomy Improved crop rotations and
winter cover crops; Elimination
of sumner fallow; Use of organi
manure and byproducts
Nutrient Management Improved fertilizer management
(precision farming)
Tillage/residue management Conservation to nuill
Water Management Improved irrigation managemen

Figure 3

The USDA studyicludesa chart with an estimate of carborguestration by US regidmased on a
carbon price of $34/ Mt C@.%° Although the regions somewat overlap with the map from the Informa
study, it is difficult to compare sequestration rates per acre for specific caopisecononic potential
across the studies. USDA estined®1MT CO2e sequestered through changes in tillage practices and
another 488 MTCO2e sequestered through afforestasiershown in the chart belaw

Figure 4—Carbon Sequestration Potential by Region
(based on carbon price of $34/MT CO2e)

Pacific
Mountain
Delta States je———
South East  — m Afforestation from
Appalachia  |pe— cropland
Great Plains e W Afforestation from pasture
Corn Belt |jesssseies N
m Tillage changes
Lake States  pe——"
North East f—
0 50 100 150 200

MMT CO2e

Sowrce: Lewandrowski et al. 2004
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Figure 4
The University of Tennesseep  Etud® digplayamitigation potential in terms of carbon flux, or
GKS ySG FyY2dzyd 2F OFNb2y (KIFG f SdpahStéadelscerdatod G SY @ ¢
with multiple offset types as the most effective at minimizing net carbon flux across agrictitihe
INI LK FdzNI KSNJ RSY2y a i Ndapabdirada viits muBiificfoSséts scad8igvéhara 2 ¥ |
compared to the baseline artd anEPAled command and control regime.
Table 2. Ranking of Scenarios by Potential Program Objectives

Objective®
Economic Indicator Climate Benefits Low Cost Feedstock
Scenario Ag Net Returns Net Carbon Flux Max Biomass Price
Billion $ MMt CO; $/dt

Baseline 4,067 (4) 1,820 (5) 4900 (1)
Multiple Offsets 4,134  (3) 1,527 (4) 49.00 (1)
Multiple Offsets/RCN 4,276 (1) 1,357 (1) 59.00 (3)
Limited Offsets 4,226 (2) 1,418 (3) 61.00 (5)
EPA Led 3,912 (5) 1,388 (2) 60.00 (4)
*Accumulated values for 2010-2025

Figure5

The Nicholas Institute conveys their carbon flux mitigation potentiaffset type and carbon price
scenario

Figure 1. Annualized emissions flux across mitigation scenanos

200.0
0.0
Bioelectricity
-200.0 s Liguid biofusls
. _ Agriculture CHA
g -400.0 _ Agriculture N20
E m— Crop mgmt. fossil fuels
5 600.0 S Crop soll carbon sequest.
! S Forest products
-B00.0 | Afforestation
BN Forest management
-1,000.0 s Tatal
P Mitigation Scenarios
|
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Figure 6

The followingchart shows the soil carbon sequestration potential of four land management
techniques from each climatiegion of the United State¥. This tablds reported using Carbon

equivalencgQ as opposed to Carbon Dioxide equivale(@e) as most other wdies in this report
use Following thedble is another table with theotals converted to C@.

Carbon Equivalence (C) Carbon Dioxide Equivalence ()
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 MMTCOZ2e
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