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ABSTRACT

The Impact of Biofuel and Greenhouse Gas Poliaeskand Management, Agricultural
Production, and Environmental Quality. (May 2011)
Justin Scott Baker, B.S., Texas Tech University;
M.S., Texas Tech University

Chair of Advisory Committee: Dr. Bruce A. McCarl

This dissertation explores the combined effectsiofuel mandates and
terrestrial greenhouse gas GHG mitigation incestve land use, management intensity,
commodity markets, welfare, and the full costs éfG&abatement through conceptual
and empirical modeling. First, a simple conceptaatlel of land allocation and
management is used to illustrate how bioenergycsliand GHG mitigation incentives
could influence market prices, shift the land sygy@tween alternative uses, alter
management intensity, and boost equilibrium commyqatices.

Later, a major empirical modeling section usesutte. Forest and Agricultural
Sector Optimization Model with Greenhouse GasesSEGMGHG) to simulate land use
and production responses to various biofuel amdatk policy scenarios. Simulations
are performed to assess the effects of imposingddionandates in the U.S. consistent
with the Renewable Fuels Standard of the Energgdaddence and Security Act of

2007 (RFS2). Simulations are run for several clemattigation policy scenarios (with



varying GHG (CQ) prices and eligibility restrictions for GHG oftsactivities) with and
without conservation land recultivation.

Important simulation outputs include time trajeaesrfor land use, GHG
emissions and mitigation, commaodity prices, proautnet exports, sectoral economic
welfare, and shifts in management practices arehgity. Direct and indirect
consequences of RFS2 and carbon policy are higkligincluding regional production
shifts that can influence water consumption andient use in regions already plagued
by water scarcity and quality concerns. Resultgesgthat the potential magnitude of
climate mitigation on commodity markets and exp@tsubstantially higher than under
biofuel expansion in isolation, raising concernsntérnational leakage and stimulating
the “Food vs. Carbon” debate.

Finally, a reduced-form dynamic emissions tradirggel of the U.S. economy is
developed using simulation output from FASOMGHG #melNational Energy
Modeling System to test the effect of biofuel maedaxpansion and domestic offset
eligibility restrictions on total economy-wide GHibatement costs. Findings are that
while the RFS2 raises the marginal costs of off§atkabatement costs depend on a
number of policy factors. GHG payment incentivesfémest management and non-£O

agricultural offsets can increase full abatemestsby more than 20%.
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CHAPTER |

INTRODUCTION

Over the last several years the global agricultanal forestry (AF) sectors have
experienced a shift in economic conditions categariby increased commaodity price
and energy input cost volatility, growing populatsowvith changing food preferences,
and a rapidly developing market for bioenergy. BEfdo reduce net anthropogenic
greenhouse gas (GHG) emissions could provide negntives for alternative AF
activities.

The ties between emerging policy efforts and Addprction decisions create
strong linkages between climate change mitigatmergy, and natural resource usage.
The U.S. Energy Independence and Security Act 67 2&tablished a Renewable Fuels
Standard (commonly called RFS2) that, if followedl| drastically increase the
production of biofuels from AF feedstocks, calliiog a total of 30 billion gallons a year
to be produced and used by 2022. Biofuels (and tmaradly, bioenergy) can provide a
reduced carbon alternative to fossil fuels thatitbuate to energy security goals.
However, promoting bioenergy production can indéédand use change and pressure
scarce water resource supplies.

Meanwhile, comprehensive climate policy such as@nomy-wide cap-and-
trade or carbon tax will reinforce the demand @w kcarbon fossil fuel substitutes, and

could provide incentives for AF producers to admpihagement practices that provide

This dissertation follows the style of tAenerican Journal of Agricultural Economics



GHG emissions offsets (where offsets are defineatea&HG emissions reductions in
non-capped sectors of the economy that can be asedrby capped entities for
compliance purposes under a GHG cap-and-trade sjhé&i GHG mitigation options
can have opposite directional effects on land hs@ge when compared to biofuel
mandates by internalizing the value of carbon stamderrestrial sources, and can lead
to local environmental co-benefits such as watatijuimprovements by reducing
GHG emitting agricultural inputs like nitrogen (Kxtilizer (Greenhalgh and Sauer,
2003, Pattanayak et al., 2005).

The market and environmental consequences of cangpimofuel mandates and
terrestrial GHG mitigation incentives are not wellderstood at this time. However,
since GHG offsets from AF sources are considerdetvacost source of GHG abatement
(EPA, 2009; EPA, 2010Db), it is important to considew biofuel mandates that are
highly consumptive of AF resources might impactabsts of supplying GHG offsets to
capped sectors.

There is a strong need for policy analysis thatsaters the interrelationships
between climate and energy policy, land consermaaad environmental quality. There
is a prominent literature on the potential markefficiencies and environmental
consequences of biofuel mandates and climate mdigafforts, reinforcing the need
for policy design to minimize these impacts (Cuakt 2010; de Gorter and Just, 2009,
2010; Fargione et al., 2008, McCarl and Gan, 20@dschini et al. 2009; Murray et al.,

2004; Searchinger et al., 2008; Pattanayak e2@05).



The task facing AF landowners and policy makets 1gse land and water
resources effectively to provide sufficient fooidbefr, energy, and GHG emissions
offsets. It appears inevitable that competitiondoch resources will continue to grow
given these competing demands. In addition, whigeAF sectors could play a
prominent role in economy-wide GHG abatement, fewlies have considered the
implications of biofuel mandates on the full cost$SHG abatement and vice versa.
This dissertation uses conceptual and empiricaleivagltechniques to analyze
economic and environmental trade-offs between Aleiergy production and GHG

mitigation.

1.1 Research Objectives and Procedures

The objective of this dissertation isitoprove the understanding of how combined
biofuel and climate mitigation policies might affebhe domestic AF sectors. This will
involve consideration of implications for land upepduction patterns, management
intensity, water usage, total production, prices exports, along with consumer and
producer welfare. To improve such understandinggrse procedures are undertaken:

1. A conceptual model is developed of biofuel policesl terrestrial GHG
mitigation incentives and is used to analyticalamine the potential
interactions, synergies, and trade-offs of suclciad,

2. The policies are formally modeled in an empiricahiework that allows
examination of economic and environmental impautss associated trade-offs,

and



3. Additional modeling is used to assess the implcatiof biofuel mandates and

GHG offset restrictions on the economy-wide co$tSldG abatement.

1.2 Overview of Dissertation

The dissertation is organized into nine chapteaswhll address the above
objectives:

» Chapter Il focuses on the current policy landsdapdiscussing major
provisions of the EISA RFS2 and recent U.S. fedemadate policy proposals;

» Chapter lll presents a focused literature revieangxing bioenergy and AF
carbon offset activities plus their interactionsl ampacts on AF sector
performance and commodity prices, land use ded@sioater resources, and net
GHG emissions.

» Chapter IV presents an analytical model of agnigaltland management
decisions and explores the consequences of policies

* Chapter V lays out an empirical modeling framewarkthe policy simulation.

» Chapter VI uses the empirical framework to exanfiindéuel policy.

» Chapter VIl uses the empirical framework to exan@G mitigation policy.

» Chapter VIII unifies the results of chapters VI andlin an analysis of the

impact of biofuel mandates and domestic (U.S.)edfédigibility, and

* Chapter IX provides general conclusions for th&sdrtation and directions for

future research efforts.



CHAPTER Il

RESOURCE TRENDS AND POLICY BACKGROUND

This chapter provides a general policy and instit#l background for this
research by discussing current trends in the AFbseand drivers of land use
competition and water use, and through a briefudision of emerging or possible

polices toward bioenergy and GHG mitigation.
2.1 Trends in the AF Sectors and Land Resource Use

Land resources will be pressured by the growingadehfor food and fiber.
World population growth is projected to grow beydhdillion by 2050and global food
demand could grow 59-99% from 2000 levels by 2@@u¢hgate et al., 2007, Southgate
2009). In addition, income-driven changing dietferences in rapidly developing
economies such as Brazil, India, and China, hapamrded global meat demand in
recent years. Projections indicate that meat dernaaldl more than double in India and
China by 2020 (Delgado et al., 1999). Recent liteeahas shown that growth in the
livestock industry has contributed to land use geasand deforestation in many regions
of the world (Trostle, 2008). Continued populatgmowth and the diversion of grains
previously used for feed or human consumption cewkicerbate this trend of

deforestation for livestock grazihgrechnological growth and improvements in yield

! For a comprehensive review of expected globaktivek production trends, see Dickson-Hoyle, and
Reenberg, 2009.



productivity could alleviate deforestation and keepanmodity prices in line with
historical trends, but ultimately natural resowse will be affected by growing
demands for food.

Urban development pressures will also drive comtipetfor scarce land
resources. In the U.S., total cropland acreageietéd and non-cultivated) dropped
from greater than 420 million acres in 1982 to agpnately 368 million acres in 2003,
a net decrease of 12% (Natural Resource Inven20§3), with a great deal of that land
converting to alternative uses. Non-federal gratamgls also dropped steeply, falling
from 611 million acres to 576 million acres ovee game time frame (Natural Resource
Inventory, 2003). This decline is expected to amndi as rural farm and grazing lands
are converted to developed uses. In the U.S dstimated that in 2020, an annual
average of 348,000 acres a year of dedicated cropldl be developed for residential
use. An average of 240,000 and 108,000 acres tineaand rangeland could
accompany this shift to development as well (Aligle 2010). In the U.S.,
deforestation for residential and commercial depedent is expected to occur at 1.4
million acres per year ( Alig and Butler, 2010).general, these development trends
indicate that the total stock of land availablegonductive AF uses in the U.S. will
decline over time under business as usual conditiooreasing competition for land
resources further.

2.1.1 Current Resource Pressures
Biofuel mandates and carbon reduction policiesatoeduire a significant area

of U.S. agricultural lands. As a relevant exampkhle 1 displays the direct land use



requirements for two biofuels (corn ethanol andogay biodiesel), comparing crop
yields (using 2009 NASS state averages) in two mamb agricultural states with
significantly different yield productivity, Texand lowa. These data show that at
current yield levels, massive amounts of land ballrequired to satisfy the RFS2
mandatory levels of soybean biodiesel (1 BGY) amuh @thanol (15 BGY). Taking the
midpoint of each fuel type, results show that agpnately 61 million acres would need
to be dedicated to corn and soybean productionypfoebiofuel feedstock production,
representing 15-20% of the current cropland bageaduction. The implication of this
table is that even some of the most productivedandhe world require a large
allocation of land to produce a significant amooiniquid transportation fuels (though a
billion gallons of gasoline equivalent is less tlta%% of the current U.S. transportation

fuel consumption). As land productivity is not hageoeous, the share of land allocated

to bioenergy feedstocks will vary significantly gion.

Table 1: Land Requirements for Corn Ethanol and Solean Biodiesel under
Alternative Yields

Using TEXAS | Using IOWA Using TEXAS Using IOWA
yields yields yields yields
Corn Ethanol Corn Ethanol | Soybean Soybean
Biodiesel Biodiesel
Crop Yield 120 200 25 48
(Bushel/Acre)
Fuel Yield 2.77 2.77 1.31 1.31
(Gallons/Bushel)
Fuel Land Use 332 554 32.8 63
(Gallons/Acre)
Acres per 1 3.01Million 1.81 Million 30.48 Million 20.83 Miibn
Billion Gallons
Acres per 15 45.12 Million 27.08 Million
Billion Gallons




Where will this land come from? As of 2003, theatattock of non-federal land
in the U.S. amounted to approximately 1.4 billi@nes. Figure 1 displays the
distribution of nonfederal land by type from thed3(Natural Resource Inventory
(NRI)%. Generally there are about 400 million acres of-fesleral forest lands, between
300 and 400 million acres of dedicated croplandh wemaining lands falling into
various rangeland and pasture categories, thowgprtdductive land base has decreased

over time due primarily to development presstires

Surface Area by Land Cover/Use, 2003

Millions of Acres and Percent of Total Surface Area

Federal Land *Cropland
401.9 367.9
21% 19%
CRP Land
315
2%

Water Areas
50.4
2%

/ Pastureland
Developed Land 117.0

108.1 : 6%
6% /
Other Rural Land
50.2
2%
Rangeland
405.1
Forest Land 21%
405.6
21%

Total Surface Area = 1,938 Million Acres

* Cropland includes cultivated and non-cultivated cropland.

Figure 1: NRI land use distribution for the U.S. (®urce: NRI, 2003)

2 Non-federal lands include those that are privateiped, state or locally owned lands, and tribal an
trust lands.

% Differences in land use data and our empiricalafiem of U.S. land use are discussed in a subsgque
chapter.



Water resources will also be pressured by politiasaffect land management
decisions. In the absence of U.S. biofuel mandétess estimated that global water use
for irrigation could increase by 17% by 2025 ove0@ levels to satisfy growing
agricultural demands (de Fraiture et al., 2001)d And semi-arid countries will be
forced to rely more heavily on imported food produas irrigation supplies could be
inadequate to support increased levels of prodaicdeen without biofuel expansion.

In addition to managing dwindling supplies, wajarlity degradation from
agricultural production activities is pervasivenmany parts of the world. Increased use
of nitrogen (N) fertilizer or other agricultural emicals stimulated by bioenergy
development or land use intensification preseniss& environmental concerns, as
potentially harmful N constituents can enter thra@gpheric and aquatic environment in
many forms. In some regions nitrogen runoff from@agdture is the predominant source
of water pollution, and the problem is worseningéfa et al., 2008, S. Greenhalgh and
A. Sauer, 2003). In the United States, Gulf of Mexnypoxia, caused primarily by
upstream agricultural runoff, threatens aquaticsgstems and critical food supplies
(Robertson andVitousek, 2009). Globally, this penblis acute in a number of regions;
more than 400 hypoxic zones have been identified hypoxic activity has increased
exponentially since the 1960s (Robert J. Diaz anty& Rosenberg, 2008). Nitrate
contamination in surface- and groundwater systemsspa serious and diverse set of

health risks, and is another environmental costgoicultural N use (Alan R. Townsend
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et al., 2003). Thus, higher water use stimulateibgnergy expansion is not the only

concern; higher levels of agricultural input usd degrade water quality.

2.2 Bioenergy Expansion Policies

Both liquid biofuels and bioelectricity from AF biaass will likely play a key role
in our energy future, though several pervasiveassemain. First, | describe some basic
definitions of bioenergy and current socioeconocaigcerns that have been raised.
Liquid biofuels typically fall into three main caferies:

1. Grain or Sugar Based Ethandl'ypically derived from a wet or dry mill
fermentation process where the actual grain, cd-&taff is used to process
the fuel—competes with food and fiber production

2. Cellulosic EthanolEthanol is produced from lignocellulosic materials
available in all forms of AF biomass, but requisesiore involved, much
higher cost conversion process than grain ethanol

3. Biodiesel-Diesel fuel processed out of corn and soybearaniimal fats, or a
number of industrial and municipal wastes (inclgdyellow grease).

Bioelectricity is the replacement of coal-fired@lecity using AF biomass.
Bioenergy expansion policies have been designedrnto increase energy
independence and reduce GHG emissions from fasdicbmbustion. In general, the
term bioenergy can be broken down into two maiegaties: 1) biofuels, and 2)
bioelectricity. Policy efforts are currently inggle or under debate that will drive

expansion of both. As a relatively high-cost substifor fossil fuels, biofuel processors
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and distributors have relied on a number of poti@chanisms that boost the economic
viability of their fuels, including production taxedits, blending requirements with
gasoline and motor diesel, and CAFE standards (ewger CAFE standards for flex-
fuel vehicles that use a higher biofuel mix, oelfuels”).

Biofuel mandates currently represent the mostétffe measure for increasing
production. Mandates can be imposed via blendngirements, low carbon fuel
standards (LCFS), or production quotas. Blendimgirements mandate that a
consistent volumetric portion of motor gasolinebtended with the biofuel ethanol.
Blending ethanol in gasoline stimulates the denfandthanol and has the
environmental advantage of replacing another gasealdditive, Methyl Tertiary Butyl
Ether (MTBE), which can pollute surface and grouatkw systems. LCFS are difficult
to implement and enforce, as the overall carbonertdrof biofuels can be difficult to
quantify.

While many policies and institutions have pushadiofuel expansion, no
greater incentive exists than the national RenesvBbEls Standard established under
the Energy Independence and Security Act of 208icéforth referred to as RFS2. The
RFS2 includes stringent production mandates oniphelttypes of biofuels. Mandates
for total renewable biofuels increase out to 20#%htthe policy requires a minimum of
30 billion gallon per year (BGY) of biofuels be praced domestically from AF products
for consumption in the transportation sector. ERAS2 follows the original
Renewable Fuels Standard of the Energy Policy ARDO5 (RFS1), which imposed

mandatory production levels of ethanol, biodieart cellulosic ethanol, while
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extending tax incentives for those fuels. Howetlegse production mandates were
miniscule in comparison to those imposed by the REEFA, 2010a).

EISA-RFS2 dictates different volumes of biofuelstipye (grain/starch ethanol,
cellulosic ethanol, and biodiesel), from a varietyAF feedstocks, establishes specific
mandates for the use of “advanced” biofuels (eglulosic ethanol), and adds GHG
emission reduction thresholds (or the full life leyGHG emissions of a unit of biofuel
derived energy relative to an energy equivalentwarhof fossil energy) for several
classes of biofuels. A maximum of 15 BGY of corhagtol will be eligible for
compliance under the RFS2, with the remaining cgnfiom AF by-products and
residues. The latter, denoted “advanced biofuegls’aaticipated to come primarily from
cellulosic ethanol processed from a variety of Aéhiass sources.

Already, the RFS2 and high energy prices are fogmitly affecting AF
development and production decisions (and henakuag), commodity prices, and net
farm income in the U.S. and elsewhere (Biomass &ekeand Development Board
BRDB, 2009). Bioelectricity is another form of reveble energy from AF feedstocks
being driven by current policy efforts. Recent @imand energy legislation has called
for a Renewable Electricity or Renewable Portf@tandards, which will mandate that a
proportion of U.S. electricity generation come froenewable resources such as forest
biomass, agricultural residues, or municipal artlgtrial wastes. RPS related policies
are also supported by recent climate mitigatioemives (H.R. 2454 and S. 1733). As
the next chapter will discuss, biofuel expansios tie potential to raise food prices and

impose significant natural resource costs. Contrp@icy-driven expansion will
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continue to raise important questions regardingstie@al and environmental trade-offs

of cultivated biofuels.

2.3 GHG Mitigation Policy

Multiple policies to reduce U.S. GHG emissionsither in place, being
developed, or being debated. Thirty-four stateslenacted GHG emissions reduction
efforts, including the Western Climate Initiatithe Regional Greenhouse Gas Initiative
in the northeast, and the Midwest Greenhouse Gdad®ien Accord (Baker et al.,

2010). A comprehensive federal cap-and-tradesiiive was approved in June 2009 by
the U.S. House of Representatives and is beingaenesl in the U.S. Senate. The House
bill is known formally as HR 2454 “American Cleandtgy and Security Act” (ACES)
and informally as the Waxman-Markey climate bitieafits chief sponsors. Under
ACES, the agricultural sector is excluded from a@eémissions cap, but would be
primarily affected through changes in energy pristismulated bioenergy demand, and
the creation of a market for the sale of GHG enissiffsets. Offsets are GHG
mitigation activities in uncapped sectors (suchgsculture) that can be purchased by
capped entities to offset emissions. As mentiormedipusly, HR 2454 and other recent
climate mitigation bills have also proposed estdhitig a Renewable Portfolio Energy
Standard (RPS) that would mandate a certain pexgerdf U.S. electrical power from
renewable sources.

Climate legislation, if adopted, will likely affethe AF sectors in three primary

ways: (1) by directly raising the costs of fossief intensive inputs and nitrogen
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fertilizer, through allowing GHG offsets from ungsgul sectors such as AF, and by
raising the price of fossil energy and indirectiymlating the demand for biofuels and
biomass for bioelectricity generation.

H.R. 254 Waxman-Markey, 2009, and similar billstsas S 2191 Lieberman-
Warner, 2008 have all included significant prouwsad domestic and international
offsets. Offsets are activities outside of cappamhemic sectors (or entities) that can
either reduce emissions or increase the carbokeotfaterrestrial ecosystems. Capped
entities might purchase offsets if the market pfareoffsets falls below the costs of
abating the same amount of emissions.

Through domestic offset provisions, AF landownersld receive incentives for
an array of activities, including:

» Divert agricultural land to forests and grasslands,

* Reduce use of histosols,

* Modify existing forest management to increase cadeguestration,

* Reduce methane emissions from livestock, manurdlimgn and rice cultivation,
» Sequester carbon through cropland tillage changeteasides, and

* Reduce nitrous oxide emissions from fertilizer asd manure/livestock

operations.

2.4 Conjunctive Bioenergy Expansion and GHG Mitigation

It is unclear how bioenergy expansion efforts amti3amitigation policy efforts

might perform if enacted independently Biofuel mated under the RFS2 or other
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regional efforts (such as the California Low Carlbarels Standard) have GHG
reduction thresholds that certain fuels must meégteligible. For the RFS2 legislation,
conventional ethanol and cellulosic must meet GE@uction thresholds of 20% and
60% relative to energy equivalent sources of faasdrgy. Criteria are in place for
measuring the full life-cycle GHG reductions of Bumofuels, including discounts for
indirect LUC emissions.

Recent analysis argues indirect emissions (thanmsssions that fall outside of
the production system boundaries—such as landhegge emissions in response to a
commodity price surge stimulated by biofuels) amvplent in fossil fuels, not just
biofuels, and that a more comprehensive GHG aceuynethodology that compares
final “system-wide” GHG responses to cap-and-trage biofuel consumption is an
improvement over life-cycle analysis that has systiic bounds and is thus unable to
truly measure all emissions (or emissions redus)iassociated with renewable energy
consumption (DeCicco, 2009). The argument in Dexi@009 is that the cap itself
should dictate the role of alternative energy sigsgh the transportation sector, and that
allowances (or allowable GHG emissions under am@ty-wide GHG cap) should
cover only the carbon content of the final fuel osean energy equivalent basis.

This dissertation addresses a gap in the researsfinergies and conflicts
between renewable energy mandates and climateatnitigincentives. Renewable
energy mandates are the most effective means $uorrieg that biofuels play a principal
role in our energy portfolio, but are inefficiertpgomoting GHG reductions because of

the potential for leakage (both in terms of lasd uhange emissions, and the rebound
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effect of higher fossil energy consumption). Adalially, mandates impose certainty
into the market place by dictating fuel sourcesavoid indirect market consequences
of biofuel expansion, Decicco (2009) proposes awtlLBrotection Fund” by which
international forest offset credits would be pusgthin an effort to buy-back those
emissions that occurred as an indirect consequamndes. biofuel expansion.

However, RFS2 mandates create two problems forangiwide GHG
mitigation goals. First, mandates might be morgieffit than other distortionary biofuel
expansion incentives, but they can induce highazl$eof fuel consumption and
potentially increase emissions in the transpomtegiector (de Gorter and Just, 2009).
This occurs because mandates can lower the deroafaks§il energy in market
equilibrium initially, leading to a lower marketipe. At this lower price, more
transportation fuels will be consumed, leadingawiuel market equilibriums and
higher net emissions. Obviously, such a shift wdagddnconsistent with mitigation
efforts, and could increase the costs of a captaatk scheme by placing more pressure
on the rest of the system to achieve reductionso Ahe RFS2 would require valuable
land resources that could otherwise be used fdwocaoffsets. This raises the costs of
domestic (and international) offsets and hence tatapliance costs under cap-and-
trade. The extent to which biofuel policies affegtigation costs in AF is discussed in

later chapters.
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CHAPTER Il

REVIEW OF THE LITERATURE

This chapter discusses how unintended market itamddioenergy and AF
GHG mitigation activities together could devalue tienefits of the each policy
mechanism. This chapter begins with a discussiagiatfal AF’s role in a low carbon
economy, reviews recent literature regarding tfeemics of bioenergy and terrestrial
GHG mitigation, then provides a discussion of threegging relationship between AF
commodity and energy markets. This growing mankigrdependency is particularly
important for this dissertation; policies that etfeely raise the price of fossil energy
can affect production decisions and the econonability of bioenergy. Understanding
this correlation helps evaluate the manner in whigtional policies can affect
production and land use decisions at local andeagge scales.

Then, this review continues by highlighting img@ont social trade-offs to
consider in the pursuit of terrestrial GHG mitigaiand bioenergy, including “Food vs.
Fuel’—or potentially “Food vs. Carbon”, socioeconoraquity concerns, and the
potential implications of such measures on landwatgr resources. The latter is the
primary empirical focus of the remainder of thissirtation, but results herein can
provide insight into potential commodity marketfhthat help inform the Food vs.

Fuel vs. Carbon debate.
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3.1 Greenhouse Gas Mitigation in Agriculture and Foresty

Agriculture currently accounts for 7-8 percentGHIG emissions in the United
States and 10- 12 percent globally (IntergovernaidPdnel on Climate Change, 2007)
so the sector emissions can play an importantimaiéobal climate policy. More
importantly, altering AF practices can boost theestrial carbon stock and provide a
significant source of GHG offsets to entities sagkio reduce their individual carbon
footprint. In addition to lowering GHG emissionsitigmation activities in agriculture can
generally enhance ecosystem services on agricL#toita. Previous studies of U.S. and
global AF GHG mitigation potential have shown tA&t offset activities and bioenergy
can play a vital role in overall GHG emissions retthn (McCarl and Schneider, 2001,
Murray et al., 2005, Schneider and Kumar, 2008 Betith et al., 2008).

Globally, deforestation is responsible for 15-268total GHG emissions,
representing a higher proportion of net emissibias the global transportation sector
(IPCC, 2007). Tropical deforestation representswkielming majority of emissions in
Brazil and Indonesia, which are the world’s thirdldourth highest emitters (Olander et
al., 2009, van der Werf et al., 2009). Reduced Eimns from Deforestation and
Degradation (REDD) is an incentive mechanism culyeéseing discussed in global
climate mitigation talks. REDD proposes paying lanwders in developing countries for
the carbon value of their lands to keep forestcirdand maintain forest carbon stocks.
Additionally, domestic and international policy emtives that alter forest management
strategies to improve carbon sequestration potesftiarest stands can be an effective

means of offsetting GHG emissions (Galik et alQ@) Murray et al., 2005).
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Briefly, this chapter discusses two broad categoof AF activities that could
contribute to low carbon policies: (1) Direct natissions reduction, and (2) Bioenergy.
Each option presents a number of institutional darapons and can introduce new
market or non-market externalities into the systetmch is the focus of the empirical
chapters of this dissertation.

3.1.1 Net Emissions Reduction

Options for directly reducing net emissions frora idclude altering crop mix
strategies to those that emit less in the prodngirocess, direct reductions in fossil fuel
and input use, altering livestock production pi@egi(through alternative feed blends,
managing manure systems for reduced emissionsgeatasd rice cultivation, and
avoided deforestatidnDirect emissions reduction involves productiospenses and
altered crop mix decisions as a result of chango@nomic conditions as GHG intensive
input costs increase. An example would be reduog@dseons from lower N fertilizer
use as the price of such inputs increases. A swiieech dryland to irrigated production
under elevated energy costs also qualifies asdirect mitigation activity. Such actions
can indirectly (or under the right incentive sturet, directly) reduce emissions from AF
practices, and it is important to account for shifithin a full GHG accounting
framework.

Direct emissions reduction from shifting practicas also occur as a direct

response to a policy lever that influences AF peast(for instance, an offset payment

* Avoided deforestation can also be consideredditimaal “offset” activity, though | categorizeas
direct emissions reduction under the assumptiondifrestation emissions would occur under busines
as usual conditions.
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that would subsidize the landowner for carbon sstagon or emissions reductions
beyond baseline practices. Some examples of offsetgle the following.
3.1.1.1 Soil Carbon Management

The solil carbon stock is an extremely importanbgl carbon account. As soils
are intensively managed, soil carbon is lost tcetineosphere. For crop production,
alternative tillage practices can boost the agteal soil carbon account by eliminating
soil disturbances that release £43 land is tilled between planting seasons. Tisese
variety of conservation tillage method practicesgole, including ceased use of tillage,
strip-tilling (where planted rows exist betweemipst of untilled soil), or ridge till
(where crops are planted on top of ridges—the ba®ains undisturbed).

Other options for managing soil carbon includeubke of cover crops in the non-
growing season to improve soil nutrient conteninoreased residue retention by which
crop residues are allowed to remain on the groand,ultimately contribute to the soil
organic carbon stock. Previous research has prameskrvation tillage methods for its
potential to offset ~10% of global fossil fuel enigss, while enhancing the quality of
degraded soils and boosting yields on marginallaras (Lal, 2004). However, the Lal,
2004 results are not consistent across all reqodscropping systems, and more
contemporary estimates by Lal, 2004 and others paiwded a more pessimistic picture

of soil carbon sequestrations ability to contribist@conomy-wide abatement goals.
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The net carbon gains to conservation and no-titlpction practices are
relatively small (0.6-1.1 tC acré yeaf'), and the system will ultimately become
saturated and unable to store additional carbonr@yiet al., 2005). The relatively
small per-acre carbon gains means many landowrnaukivioe needed to create a
meaningful mitigation contract, which would requsignificant high transaction costs.
Additionally, reduced tillage practices are typigaleen as economically viable
mitigation strategies at lower G@rices, but are less so as the carbon price ineseas
bioenergy and forest offset opportunities domitlaéemitigation portfolio at higher GO
prices (McCarl and Schneider, 2001, Murray et24lQ5). Figure 2, taken from the EPA
2005 assessment of U.S. GHG mitigation potentialgnculture and forestry, illustrates
the potential difference in per-acre GHG offsetgmbial among various forms of AF
carbon sequestration. Notice that changing tillagetices only competes with forestry
offsets from a pure GHG standpoint (specificalgfprestation) at 1.1 tC®, which is

the high end estimate for no-till carbon gains.
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Afforestation® 295" 90 - 120+ years Birdsey (1996)
Reforestation® 11-7. 90 - 120+ years Birdsey (1996)
Avoided deforestation 83.7-172.4% NA. U.S. Government (2000)
Changes in 21-31' If wood products included in accounting, Row (1996)
forest management saturation does not necessarily occur if
carbon continuously flows into products

Reduced tillage 06-11 15 - 20 years West and Post (2002)
on croplands®

o7 25 - 50 years Lal et al. (1998)
Changes in grazing 007-19 25 - 50 years Follet et al. (2001)
management
Cropland conversion 09-190l Not calculated Eve et al. (2000)
to grassland
Riparian buffers (nonforest) 04-1.0 Not calculated Lal et al. (1998)
Biofuel substitutes 48-55% Saturation does not occur if fossil fusl  Lal et al. (1998)
for fossil fuels emissions are continuously offset

Note: Any associated changes In emissions of CH, and N,O or—except for biofuals—fossil fuel CO, are not Inciudad.
2 values are for average management of forest after being estabiished on previous croplands or pasture.

® values calcutated over 120-year period. Low value Is for spruce-1ir forast type in Lake States; high value for Douglas fir on Pacific
Coast. Soll carbon accumulation Inciuded In estimata.

€ values are for average management of forest estabilshad after clearcut harvest.

9 values calculated over 120-year perfod. Low value Is for Douglas fir in Rocky Mountains; high vaiue for Douglas fir In Pacific
Northweast. No accumulation In soll carbon Is assumed.

® values raprasent the assumed CO, loss avoided In a single yaar (not strictly comparabie to annual estimates from other options).
Low and high national annual average per acre estimates based on acres deforested from National Resource Inventory (NRI) data
and carbon stock decline from the FORCARB moael, from 1980 to 1967.

! selacted example calculated over 100 years. Low value represents change from unmanaged forest 1o plantations for pine-
harawood In the mid-South; high value Is change from unmanagead forest to red pine plantations for aspen In the Lake States.

9 Both West and Post and Lal et a. estimatas here Include only conversion from conventional to no till. Estimatas do not Include
fuxes of other assoclated GHGS.

" Thage rates vary, but this valus reprasents a central estimate by Lal et . for no-il, muich i, and riage il

! Low-and estimate Is for Improved rangeland management; high-end estimate Is for Intansifiad grazing management on pastures,
which Inciudes the return of plant-derived carbon and nutrients o the soll as feces.

| Assumed that carbon saquestration rates are sams as avarage rates esfimated for lands under the USDA Conservation Reserve
Program (CAP).

* Assumes growth of short-rotation woody Crops and herbaceous energy Crops, and an energy substitution factor of 0.65 1o 0.75.
Potantial for changes In other GHG emissions not Included.

Figure 2: Estimated carbon sequestration potentialrom Murray et al. (2005)
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Another problem with pursuing soil carbon offsetivaties is that reduced tillage offsets
will likely conflict with goals of the RFS2 whergacultural residues will be a
marketable feedstock for energy production. Residu®val is often a requisite of no-
till farming, making no-till an attractive managem@ption under an RFS2 regime.
Thus, under and RFS2 baseline, “additionality” vadoloé a concern as the market for
soil carbon offsets is likely limited by the existe of the RFS2, which pushes the
demand for AF residues and dedicated energy cipa Eomprehensive review of other
issues associated with soil carbon managementliEgetoffsets, see Murray et al.,
2007.

3.1.1.2 Land Set-Asides

Incentives for fallowing or setting aside landreutly in production are another
option for directly reducing emissions. Land conaéon programs akin to the CRP can
directly reduce emissions from intense agricultpralduction while boosting soil
carbon stocks, and allowing direct participatiorCéP lands in a GHG offset market is
a potential policy option for involving conservatitands into current climate mitigation
efforts.

Although the CRP was not designed for carbon goemd sequestration, CRP
contracts include land cover maintenance and céstiibiomass removal, which
enhances above- and below-ground carbon sequest(&hPRI 2007). In particular,
organic carbon levels in CRP lands can be sigmflgagreater than in cropland; studies
have shown that only five years after restoratiba perennial grass cover, 21% of the

soil carbon lost during decades of intensive tél&agd been replaced (Gebhart et al.,
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1994). A recent comprehensive review of soil canath the CRP estimates that soil
organic carbon increases at the rate of 2.1 m&lf® equivalent (e) per hectare per year
(Pifeiro et al. 2009). These increases in soilaadiorage can be negated by
recultivation; a global review found there is am@age loss of 30% soil carbon from soil
layers of less than 150cm deep following recultorabf conservation lands (Davidson
and Ackerman, 1993). For more on the CRP in a lavib@an economy, see (Baker and
Galik, 2009 ).
3.1.1.3 Reducing NO Emissions from Crop Management

As nitrogen fertilizer is applied to cropping systeto boost yields, direct and
indirect sources of YD emissions come as a byproduct. DiregDNmissions are those
N20 releases directly tied to the application @f khfertilizer. Indirect sources of,®
occur as N leaches off-site then reverts 1@ M a different location, or when nitrates
volatilize in the form of MO as part of the nitrification process. To redNg®
emissions, offset incentives can subsidize farrteedecrease N use on farm. Given the
potency of NO as a greenhouse gas (which has a global warnoitegoal more than
300 times that of C¢), and the other environmental benefits that contle keduced N
use, this is a particularly popular offset mechamiis the environmental community.
However, N fertilizers are a very important partlod production process, and even
small decreases in N use can reduce crop yields.
3.1.1.4 Emissions Reduction from Livestock Management

First, consider direct agricultural GHG emissioaduction. Livestock

production produces a significant source of gldth#) and CH and CQ emissions. In



25

the U.S., livestock emissions are a significantrsewf agricultural emissions
accounting for 200 TgC4e, roughly 3% of total emissions (EPA, 2009). Glgh&AO
(2006) estimates that net emissions from all leestproduction and consumption
activities are approximately 9% of global anthrogaig CQ emissions, 35-40% of
global methane emissions, and 65% e®Nyjlobal emissiongFAQO, 2006). Efforts to
reduce livestock emissions include:

» Improved enteric fermentatioReduced emissions through improved enteric
fermentation are possible through alternative tdedds that improve rumen
efficiency, and lead to fewer CH4 emissions pet-ohfeed;

* Manure managemengnaerobic lagoon treatment for hog and dairy ofp@na
is a viable mitigation option; methane can be cagat@and potentially converted
to energy for on-farm use, and

* Altered management strategi@scluding indirect management of CH4
emissions by increasing animal growth productRyior by eliminating a stocker
phase (and thereby decreasing the lifespan emsssidthe livestock)

* Reduced pasture emissiomscludes alternative management options for pasture
land management to reduce emissions associatedjkiting activities—again,

an option could include eliminating the stockergghaf production.

® Estimates include emissions from the cultivatibfivestock feed, transportation and processingqe#t
products, and land use change emissions assowidtetivestock development.

® An option here is the application of bovine sortraighin, a growth hormone that has raised other
important environmental and human health issuedld@et al., 2009).



26

Due to the amount of resources necessary for bekgtroduction, a shift in food
consumption habits to diets that contain a smalleportion of meat can reduce
anthropogenic emissions significantly. Recent agialghows that a global shift to a
“Healthy Diet” principally with less animal protemot only reduces the accumulation of
CO2 in the atmosphere in 2050 by 30 parts peranifppm (Stehfest et al., 2009).
However, a reduction in global livestock productismnlikely as changing preferences
are shifting the demand for meat in rapidly develggconomies. In addition, if global
demand for meat continues to rise, regional effiart®duce herd size or alter diets
could lead to leakage in the livestock sector faslgction shifts elsewhere to satisfy
global demand).
3.1.1.5 Emissions Reduction from Rice Cultivation

CH, emissions from rice cultivation account for a msamaller share of total
U.S. emissions (~6 TgG®, or <0.1% of total U.S. emissions) but comprisarger
share of global agricultural emissions (EPA, 20@hbal emissions from rice
cultivation are estimated to be approximately 78CDy-e for 2010 (US Environmental
Protection Agency, 2006), 11% of global GHG emissirom the agricultural sector.

A direct response to reduce these emissions exdiace rice cultivation
altogether, forgoing methane emissions. Alteringnaggment strategies and species mix
to one that reduces methane emissions is alsdenative. This includes use of iron

silicate fertilizers (Ali et al., 2008a, Ali et aR008b}, which is a much more socially

" The mitigation scenario analyzed was to stabiB#¢G concentrations in the atmosphere at 450 ppm.

8 Iron silicate fertilizers have been shown to bgdsids from paddy rice cultivation in addition to
reducing CH emissions
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palatable form of rice emissions reduction thatriatgeduction in acreage, as
approximately 370 million tons of rice are consun@mdiood (FAO, 2009). Mid-season
drainage of rice paddy fields can significantlyuee methane emissions also but comes
with the added cost of requiring additional watee.u
3.1.1.6 Forestry Mitigation

Literature has shown that the greatest AF-GHGgaiitbn opportunities come
from forest-based offset activities and bioeneigyrtay et al., 2005; Baker et al.,
2009). A number of offset activities are availathiat potentially increase the carbon
storage potential of forest stands, including:
3.1.1.6.1 Avoided Deforestation

Deforestation is a significant driver of anthropa@ greenhouse-gas emissions,
accounting for roughly 12% of global emissions anothparable in size to the emissions
from the global transportation sector (Olander ¢2809). Deforestation accounts for
an overwhelming portion of total emissions in Blaxrid Indonesia, the world’s third
and fourth largest emitters by volume (UNFCC 206®ducing deforestation rates and
improving sustainable forest management is a agdléen a time of continuing
population growth and agricultural expansion. N&waess, financial incentives and
policy levers can be useful in this important task.

Reduced Emissions from Deforestation and DegraddREDD) is an incentive
mechanism that pays landowners to preserve foasgtart of climate policy today
(Miles and Kapos, 2008, Olander et al., 2009). &dvecent studies have evaluated

REDD incentives globally by comparing baseline laise trajectories to other
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trajectories where carbon payments compensate Warets for keeping forests intact.
Recent modeling efforts suggest that ~1.8 billio®4€of global emissions can be
eliminated for approximately $10/tGQ at $20 and $30/tG®, mitigation estimates
increase to 2.5 and 2.9 billion t@&) respectively (Gullison et al., 2007, Kindermatn
al., 2008, Murray et al., 2009). These greenhoasebgnefits could also be
accompanied by a 50% reduction in global deforestaates by 2030 (Kindermann et
al., 2008). Avoided deforestation is thus likelfeasible, relatively cheap alternative for
greenhouse gas mitigation that would produce manlogical co-benefits, including
biodiversity conservation (Fearnside 2008) andtamtthl net cooling from water
recycling. The challenges with implementing REDDtpcols include the method for
distributing payments, the means of establishipgoper deforestation baseline, and
leakage.
3.1.1.6.2 Forest Management

Forest management offsets are activities desigmattrease the carbon
sequestration potential of lands currently in timpeduction. A variety of options are
available, including rotation extensions, alterpdcses mix, partial thinning, and
reforestation. Faster growing species can be planterder to stimulate biomass growth
and carbon accumulation, though this brings addioisks typical of introducing non-
native species into vulnerable ecosystems (JacksdmBaker, 2010). Carbon
sequestration rates vary significantly by regiopography, and other factors, but

typically range 2.1-3.1t C@ acré'year (Row, 1996).
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GHG mitigation protocols exist or are being depeld within that explicitly state
how land is to be managed, what is eligible, and barbon payments should be
discounted for landowners participating in foresinamgement offset programs. Galik et
al., 2009 shows that the break-even carbon pricessary for forest management
activities to be economically feasible varies digantly by, region, species, policy
design, and subsequent transaction costs (prot@8alik et al., 2009a, Galik et al.,
2009b).
3.1.1.6.3 Afforestation

Afforestation is defined as the planting of marchfygests in areas without trees
for at least 50 years (or some other arbitrarytlernd time). In the U.S., afforestation
has the potential to sequester ~100 Tg € gtepending on the price of carbon (SOCCR,
2007, Murray, et al., 2005). Globally, the combioatof reforestation and afforestation
activities could reduce atmospheric £€@ncentrations significantly this century, by
approximately 30 parts per million (ppm) (Hous&let2002). However, this potential
mitigation may be limited by many factors. Onéhe vulnerability of forests to
increased disturbances, including pathogens,dird,storms (Galik and Jackson 2009).
The mountain pine beetle is projected to convedt@J0 knf of pine forest from a small
net carbon sink to a large carbon source in Alb&ldae, liberating 270 Tg C to the
atmosphere (Kurz et al. 2008).

A second potential limitation is landowner behayiocluding decisions on what
species to plant, how to manage forests, and diggmbsition to planting trees on lands

that have been in conventional agricultural prowunctor generations. Much of the
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opposition to climate legislation echoed by thaadtural community stems from the
supposition that farmers would never participatanractivity that would subsidize “tree
planting” in lieu of business as usual operations.
3.1.1.7 Other Issues with Mitigation in Agriculture and Eetry

Landowner decisions will ultimately dictate thesess of some climate-policy
efforts. However, setting land aside for carborusstration purposes raises a number of
relevant policy issues, including additionalityym@nence, leakage, and transaction
costs. These factors can confound the overall #ffsress of GHG offset activities, and
it has been suggested that offset payments beutite in light of these issues (Heng-
Chi Lee et al., 2007).

» Additionality- For carbon offsets to be effective in offsettimgigsions, the
activity must be additional to the baseline, euld not have occurred under
business as usual conditions.

* Permanence- It is often difficult for AF activities to be corggred permanent as
carbon stored in soils and forest stands will witiely reach a saturation point at
which the system is no longer providing carbon fiendn addition, there is
increased risk of carbon reversal due to natusalidbances (fires, hurricanes,
etc.) that make permanence a concern.

» Leakage- One of the recurring themes of this dissertatioAF GHG mitigation
activities lead to agricultural expansion or mamaget intensification in another

region which subsequently raises emissions, thisfesred to as leakage.
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» Transaction Costs- The true costs of carbon offset activities incltioe
transaction costs of aggregating, monitoring, arfdreing carbon offset
contracts. Transaction costs can vary by regiativipc management protocol,
and can increase the break-even carbon price néed#d offset incentive to be
economically viable (Galik et al., 2009a).

Each option detailed above presents challengesgpalrtunity costs to consider.
However, direct and indirect environmental impats likely much greater for
bioenergy production expansion than for carbonebf&tivities, an issue that is
addressed in the following section.

3.1.2 Bioenergy- Social and Environmental Concerns

Prior to the establishment of the EISA-RFS, theas significant debate in the
literature regarding the net energy balance ofri@ogy, with many studies discounting
biofuels as an effective source of renewable en@rgyentel, 2003, Pimentel and
Patzek, 2005). These concerns were alleviated extmmt by further work that have
found positive energy balances for biofuels, amickenet GHG reduction potential
(Dalgaard et al., 2006, Farrell et al., 2006, Hilal., 2006, Wesseler, 2007).

Unfortunately, we currently lack the technologystgport large-scale production
of cellulosic ethanol, which would produce net Gg&ns at the lowest environmental
costs at this time (cellulosic ethanol from perahgrasses, wastes, agricultural residues,
dedicated energy crops, and algae). During theauoandownturn of 2008 and 2009

there was concern levied that EISA-RFS2 mandates premature in mandating high
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proportions of cellulosic ethanol and they weraxel for 2010. There is a great chance
that the sector will be unable to meet these targethe coming years.

In addition, bioenergy mandates and GHG mitigagiolcy raises a number of
social issues that merit further policy considemnatiCorn ethanol expansion has already
boosted commodity prices and net farm income (Tyhat. 1979; Biomass Research
and Development Board, 2008; Fortenberry and P&®8; EPA 2009). In addition,
second generation biofuels offer a source of regg¢ayproducers and new opportunities
for managing marginal lands by creating a markeapicultural residues or perennial
energy crops. This can provide an additional reeestteam for producers in low-
income countries as well, and can help producteggons realize greater levels of
energy independence (Hunt, 2008).

How will the agricultural sector will be able tapply human needs for food and
fiber while supporting an expanding bioenergy indgsThis dilemma has been
characterized as the Food vs. Fuel debate (Dasthle 2007, Runge and Senauer,
2007). Typically, technological advancement andidyproductivity growth have out-
paced demand growth for food globally, discountifgthusian concerns of feeding a
growing world population. Nevertheless, U.S. arabgl bioenergy expansion could
throw off this delicate balance by stimulating dewh#o the point that short-term supply
shortages exacerbate hunger concerns in some segfitine world. This effect would be
particularly acute especially during periods of e climatic conditions in the world’s

most productive regions.
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Agricultural commodity prices contribute greattyltunger and malnutrition
globally (Senauer, 2008). One reason the Green|Rt#wmo was so successful in
reducing malnourishment and global hunger is tdaaacements in productivity helped
to stabilize world commodity markets, leading teldeng real commodity prices in
food markets over time. Recently, the number ofnmatished people has risen sharply,
and currently sits at more than 1 billion worldwidéhile not completely driven by
commodity prices, this trend is particularly troml following the successes of the
Green Revolution. Higher food prices can lead maanrest as well, evidence by
recent political protests and riots in Egypt, Gaindaiti, Indonesia, Mauritania, Mexico,
Morocco, Senegal, the Philippines and Yemen (Sen2088). Displacing the
production of valuable food supplies with bioenevgly further contribute to this
malnourishment trend as markets adjust to new tiondi.

Also relevant are the environmental implicatiohsiw expanded bioenergy
industry. Recent literature has outlined the paa¢environmental pitfalls of increased
agricultural development. Environmental co-costbioenergy include direct or induced
LUC, higher levels of agricultural input use, andtar quality co-effects (discussed in
sufficient detail in subsequent sections). Zan.2@07 compare total GHG emissions
and the net environmental impacts of 26 differeafuels compared to conventional

fossil fuels and results indicate that the majooityhe biofuels evaluated (21 out of 26)

® Commodity price concerns are not central to biognexpansion, however. As will be shown in the
results chapters, GHG mitigation and offsets casgure commodity markets even further.
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are GHG reducing relative to fossil fuel equivageitut often these fuels had a greater
overall environmental impattt

Cellulosic ethanol from a variety of feedstockegants an environmentally
superior alternative to gain and sugar based defaglingo-cellulosic materials often
come from biomass that does not directly competk foiod and fiber crops (e.qg.,
residuals of crop or timber production). In additiper acre energy output is higher for
cellulosic ethanol as all biomass in the fieldsediin the fuel production process.
Boosting per-acre energy output reduces land asalree requirements of the energy
source, lowers environmental degradation, and pgesvgreater life-cycle GHG benefits.
Targeting sustainable bioenergy feedstocks or biefthat negate socioeconomic or
environmental impacts has been the focus of angintgliterature over the last few
years. The subject of this literature has falldn several categories. The first segment
of this literature has focused on specific feedsiamr the life cycle impacts of particular
bioenergy monocultures, providing estimates of ‘fukll-to-wheel” energy potential
and GHG reduction potential. Another portion hassidered the social aspects of
biofuel development as discussed. Then, the fiegirent has focused on the economic
dimensions of biofuel policies, both in terms adaarce consumption and net economic
welfare of various policy levers. This dissertatioil address aspects of all three areas.

The following sections discuss potential markdtomes of recent energy and

climate policy initiatives, and how such policiethance the linkages between energy

1 The net environmental impact in this study israei value comprised of two main indicators, (1)
Swiss environmental impact points- a measure of mueh environmental impacts exceed legal limits,
and (2) the European Eco-Indicator- which
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and AF markets. This in turn influences naturabtese management and consumption,
AF input costs, output prices, and welfare feedbackhe energy and transportation

sectors.

3.2 Commodity Market Implications of Bioenergy and GHG Mitigation

As current policy drivers represent a fundamesitét in the US and global AF
sectors, it is important to consider how energgnsportation, and AF markets are
currently related and how policies strengthen sntégrdependencies and implies cross-
sectoral welfare spillovers.

3.2.1 Increased Linkages between Energy and AF Markets

The relationship between energy and AF commoditéssbeen established in the
literature, but recent economic volatility and ¢oned movement to an economy less
dependent on fossil fuels will likely strengtherstbonnection. Data show that energy
and commodity markets are closely related, exmgigimilar trends over time. Recent
literature discusses these market interactionsitipgi out that higher correlation
between agricultural and energy markets could sigigher levels of volatility in
important agricultural commodity prices (Du et @009 , Irwin and Good, 2009). The
relationship between agricultural and energy marlseimportant in several ways. First,
if petroleum market volatility of 2008 is a signfoture market conditions, then the
ethanol “boom” will continue to rise and fall wigetroleum prices given the high
correlation between agricultural and energy marketsn and Good, 2009). There is a

direct relationship between corn and petroleumesrior a dry mill corn ethanol plant to
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break even. For instance, to break even at $5/bushe, petroleum price of $80/barrel
or greater would be needed. To obtain a 12% retormvestment at $5/bushel, a
petroleum price of $90/barrel or greater would beded (Tiffany, 2007). As recent
petroleum market fluctuations have shown, sucreprambinations are well within
observed ranges, but volatility in petroleum maskatd macroeconomic conditions
mean that the economic viability of corn ethanoltfie absence of government
intervention) will be cyclical (Figure 3).

Second, climate mitigation efforts will raise thicp of conventional fossil fuels,
thus directly affecting agricultural input costsdirectly affecting output prices, and
stimulating the demand for bioenergy even furtlsea éow carbon fuel substitute (Baker
et al., 2010). Currently, there is legitimate cancen the part of agricultural stake-
holders that energy policies that raise the prssif fuels place an undue burden on
agricultural producers with low profit margins.

In general, data-trends show that producers waeeta weather the storm of
higher input prices in 2007 and 2008 through highgput prices. Also called “cost
pass-through,” this phenomenon occurs when allyexs in an industry or sector of
the economy simultaneously face higher costs ayction. Subsequent supply side
responses force output prices upward as crop pevddiace higher energy input costs
and limited budgets. Similarly, the recent econodownturn and subsequent fall in
petroleum prices was accompanied by a fall in adftical commodity prices as well.
There are a number of studies that have statilstieabluated cost pass through and the

interactions between energy price shocks and cormyno@rket responses. Fertilizer
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processors and agricultural producers were alp@ass through the highest proportion of
oil price increases when compared to other econageats (Baffes, 2007). Recent
work has also found strong evidence of cost pasajin in the agricultural sector

during the 2008 petroleum price spike (Kwon and K2@09).

Other input costs, such as the price of fertilizezre adversely impacted by the
spike in petroleum prices as well. The productibfedilizer and other agricultural
chemicals is fossil fuel intensive, and thus sutljerice volatility in those markets.
Additionally, the biofuels “boom” of 2007 and 20@Rered U.S. crop mix strategies to a
more nitrogen intensive mix, more than doublinggsifor nitrogen, potash, and

phosphate fertilizers (Huang et al., 2009 ).
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Figure 3: Relationship between agricultural and ensgy markets
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In general, higher energy prices are to be exdaateler low carbon policies, but
will be accompanied by higher output prices. Tkieet of these output price effects is
an important policy consideration that is evaluatelter chapters.

3.2.2 The Role of Biofuels during the Price Spike

Some critics of biofuel policies argue that thas tfood price rise was directly
related to biofuel expansion in the U.S. and elssehand this has imposed an
unnecessary burden on the developing world. Thsengerit to this concern, as RFS
mandates more closely tie commodity prices to gnpriges (particularly corn and
soybean) by effectively imposing a price floor unthee agricultural feedstock
(Babcock, 2009 ). A net increase in biofuel producin 2008 stimulated by the RFS
certainly contributed to the commodity price spil&udies suggest that a number of
other factors were also partly responsible for26@8 price spike, including increased
production costs, adverse weather conditions, ahgrfgod preferences (and a greater
demand for meat in rapidly developing economiesgliding value of the U.S. dollar,
and import/export policies in a number of importeegions (Senauer, 2008, Trostle,
2008).

There is a growing correlation between energy aRdnarkets. Bioenergy
expansion will likely reinforce this relationshipgprovide new revenue opportunities
to AF producers by linking the demand for energgt ttansportation fuels to the

demand for primary AF feedstocks.
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3.2.3 Impacts of GHG Mitigation Policy on U.S. Agricultur

Putting it all together, policies that influenaeeegy markets (renewable energy
expansion or climate mitigation incentives) wilflrence agricultural commodity
markets and natural resource use. This raises edgoestions regarding the economic
welfare implications of such incentives. In terniglanate mitigation, this is especially
cloudy. The net sectoral welfare effects of GHGqyoare tied to a number of factors.
First, climate legislation (either cap-and-tradeaarbon tax) directly raises the cost of
fossil fuel intensive inputs (gasoline, natural,giissel, and electricity), and other inputs
tied to fossil fuel prices (such as nitrogen feadit, which is highly correlated with
natural gas and diesel markets). The U.S. Environah@rotection Agency (EPA)
recently assessed HR 2454, and found that it czaude petroleum prices to rise 15%
above baseline levels by 2050 (EPA, 2009). Thisyaisalso shows electricity and
natural gas prices rising 30 and 35%, respecti\s\2050. Figure 4 displays price
index values relative to baseline trajectoriesstlective energy sources under EPA’s

projections of HR 2454:
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Energy Price Impacts of HR 2454
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Figure 4: EPA energy price projections under HR 248 (source: EPA 2009)

Potential cost-side impacts of climate legislatiave led to staunch opposition
to climate legislation by certain stakeholdershia &gricultural community. Some
studies have added to this concern by producingatds of a substantial total cost
burden imposed on the agricultural sector underaraptrade (Doane Advisory
Committee, 2008; FAPRI, 2009). A recent USDA assyises EPA’s estimates of
energy price increases under the ACES, and fourré modest operating costs in the
short-term of less than 2%/acre, and relatively @sbthcreases in the medium and long-
terms of less than 4% and 10%/acre (USDA, 2009&r&ll the USDA analysis showed
a net income loss to the agricultural sector owmee tbut did not account for changes in
production practices over time, nor does it inclpdéential offset and additional
bioenergy revenue. It also ignored market effeatssed by pursuit of GHG offsets that

move land out of conventional agricultural prodameti
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An updated report put out by the USDA now showtsgaéns to the sector as a
whole, piggy-backing on other empirical effortstthave evaluated the entire AF
system, not just production cost impacts. Outlaal.e¢valuate a limited suite of offset
activities and evaluate farm level economics ofAES for 98 representative farms
across the U.S. representing multiple regions aop/lkivestock activities and found that
71 farms were worse off under the policy (Outlavalet2009 ). Those that gained were
concentrated mostly in the Midwest and Corn Bedtaes.

Baker et al., 2010 take the cost/benefit issudinfate policy further by
considering production and land use responsessarcmnge of COequivalent prices
and a full suite of mitigation opportunities, indlag offsets and bioenergy. Results
suggest that AF producers could realize windfalhgander climate legislation from the
sale of offsets, the emergence of bioenergy marketsindirect revenues as stimulated
by commodity market shifts, a key result highlighte subsequent chapters (Baker et
al., 2010). Similar results were found in de laréadgarte, et al., 2009, which also used
sectoral economic modeling to evaluate multiple GétfSet provision options (de la
Torre Ugarte et al., 2009).

In general, it appears that the net sectoral neeljains to AF producers from
offsets and bioenergy incentives could be substhrind will more than offset any
additional costs of climate and energy legislatiéor. livestock producers or AF
producers of conventional commodities without tlephysical potential to participate
in offset programs, indirect revenue flows throwgimmodity price increases should

provide adequate compensation. However, such edorgaims might come at
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significant costs on natural resources as extemaronmental costs of change land
management decisions are not completely interraaliz¢his framework. The following

sections discuss land and water resource condeharise under low carbon policies.

3.3 Land Resources in a Low Carbon Economy

One of the key themes of this dissertation isefifect of bioenergy and terrestrial
GHG mitigation on land use decisions. As discusket] resources will play a vital role
in a low carbon economy, as a source of carborffstential, and by providing a
resource necessary for cultivating the requisiel$¢éock for mandated bioenergy
expansion. Low carbon policies can have deleterimgpscts on land resources, as
carbon-generating activities in one region can eobdand clearing, land management
intensity, or raise the opportunity costs of landservation in other regions.

3.3.1 Land Use and Bioenergy

Ultimately, biofuel policies will continue to infence land use decisions and
LUC. In order to understand the full impact of g@icy, it is important to distinguish
between direct and indirect LUC. Direct LUC is defil as the conversion of lands from
a prior use strictly for the purposes of bioenergltivation. Research has shown that
direct land use changes for biofuel production mumber of ecosystems (including
tropical rainforests or U.S. prairie grasslandajliketo significant payback periods, or the
amount of time needed for the GHG benefits of niop-biofuel cultivation to outweigh
the carbon loss from the original land-clearingwatgt (Fargione et al., 2008, Gibbs et

al., 2008, Pineiro et al., 2009). Table 2 sumnegrizarbon payback periods for various
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types of biofuel development, land categories, ragtbns. Notice there is significant
variation in estimated carbon payback periods. Eh@kie to differences in carbon
stocks for different land types, disparity in glbbeop productivity, and the difference in

life-cycle GHG emissions reduction potential foffelient biofuels.

There are several important implications of theselies. First, rapid
development of viable “second generation” bioendegystocks, such as cellulosic
ethanol from crop residues, switchgrass, or woadgnhbss is critical. Dedicated
cellulosic ethanol production can significantlyfolly mitigate against lengthy carbon
payback periods (Pineiro et al., 2009).

Also, these studies indicate a need for techno&bgmprovement, perhaps
driven by policy incentives (Gibbs et al., 2008)nally, the difference in regional
carbon payback estimates illustrates the importahsepporting biofuel development
on existing or abandoned cropland. Abandoned eradbpland can be effective source
of expandable land for bioenergy development, leepkng agricultural land set aside
can be a better short-term climate investment (Makget al., 2009, Pineiro et al.,

2009).
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Table 2: Estimated Carbon Payback Periods from Diret Land Use Change for

Biofuels
Carbon
Payback

Study Land-use Type Region Biofuel Period

Fargione et al.,

2008 Tropical or Indonesia/ Palm Biodiesel 86-423
Peatland Malaysia
Rainforest

Fargione et al.,

2008 Tropical Brazil Soybean Biodiesel 319
Rainforest

Fargione et al.,

2008 Grassland Brazil Soybean Biodiesel 17-37

Fargione et al., Native

2008 Grassland U.S. Corn Ethanol 93

Fargione et al., Abandoned

2008 Cropland uU.S. Corn Ethanol 48
Varying Sugar/Grain

Gibbs et al., 2008 Grassland Global Ethanol 7-60
Varying

Gibbs et al., 2008 Grassland Global Soybean Biodiesel  80-100
Varying

Gibbs et al., 2008 Grassland Global Palm Biodiesel 0
Varying Sugar/Grain

Gibbs et al., 2008 Forestland Global Ethanol 20-900
Varying

Gibbs et al., 2008 Forestland Global Soybean Biodiesel  300-9(
Varying

Gibbs et al., 2008 Forestland Global Palm Biodiesel 5-120
CRP, Native

Pineiro et al., 2009 Grassland U.S. Corn Ethanol 29-48
CRP, Native

Pineiro et al., 2009 Grassland U.S. Cellulosic Ethanol 0

Indirect LUC (also referred to as induced LUCeakage) from bioenergy

cultivation is also of paramount concern. In thigation, the allocation of land for

biofuel production in one region stimulates comnypdiarkets and induces land use

change in another region. The theory of induced lase change relies on the notion that
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a marginal increase in some land-clearing actiwdy be at least partly attributed to a
price response brought on by production decisinrambther region (McCarl, 2008).

Estimation of leakage is quite difficult, as ivalves simulating agricultural
development (or LUC) under a biofuel expansion agerrelative to a baseline
trajectory. Assuming one has appropriate basebsaraptions of market conditions and
economic behavior, modeling can be used to eshadllzaseline consistent with history.
Then, to estimate induced LUC emissions, one nmiisiduce the relevant policy shock
into the economic system and see how markets &odimee consumption decisions
might adjust. If such a model adequately repreggmysical land stocks by region, LUC
emissions can be calculated by comparing landragectories, and then calculating the
emissions from land clearing activities that weoé present in the baseline simulation.
This requires spatially explicit biophysical dataland use and associated carbon stocks
to fully capture net emissions. Typically, fullsttural economic modeling within
systems that capture trade flows, spatial distiimst of land types/use, and
comprehensive GHG accounting are needed to cosdaobtanalyses.

Recent work measured indirect land use responsesianded ethanol
production in the U.S., and has really stirreddbbate surrounding the environmental
effectiveness of bioenergy (Timothy Searchingeal €2008). Searchinger et al. find
that LUC emissions resulting from domestic ethgrobuction will result in a 93% and
50% increase in emissions for corn biomass-derétbdnol, respectively, relative to an
energy equivalent unit of gasoline (meaning eveitg griven on corn ethanol emits

approximately twice as much as a mile driven orolyas). Put into the context of
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carbon payback periods, these results suggesa theyback period of 167 years of
context biofuel production and consumption woulchbeessary to outweigh ILUC
emissions.

Obviously, the implications of these studies cadict political ambitions of
reducing GHG emissions by displacing fossil fuethwiofuels. However, some
guestion the validity of the Searchinger analyaig] the inclusion of indirect LUC
emissions in life cycle emissions calculation img®l. Wang, 2008, questions
assumptions regarding total reliance on corn eth@mstead of cellulosic feedstock
conversion), a lack of corn productivity growthdageneral uncertainty not accounted
for in the Searchinger analysis. Kim and Dale,2@®int out that indirect LUC
emissions depend on assumptions regarding soda@mrironmental responsibilities
taken by governments, and varying crop managenantipes, while also pointing out
that fossil fuel consumption can also produce extiemissions that are not accounted
for (Kim and Dale, 2009).

Other recent studies show that indirect LUC trajaets depend on a number of
factors; in particular, LUC is sensitive to assuiomd regarding yield response to
demand shocks (Keeney and Hertel, 2009). Howeugmanting two simple
assumptions (U.S. forest conversion, and consteltt)yreduces this debt significantly.
Holding U.S. forest use constant (whereas Searehiagsumes that 36% of new U.S.
cropland entering production would come from fosgseduces the payback period to
141 years. Yield response plays an even larger Aol€6 increase in yield globally for

the five major crop commodities (barley, corn, $ang, soybeans, and wheat) would
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reduce the payback period to 31 years, reconfirrthegyield response results in Keeney
and Hertel, 2009.

An even more recent comprehensive analysis byeHetr@al. (2010) has
attempted to replicate the Searchinger et al. (RE&8ilts using a static computable
general equilibrium model. This study found smatiet LUC emissions estimates from
U.S. ethanol expansion (Hertel et al., 2010), idelg a net land use change response
that is approximately 40% of the Searching estismated a carbon payback period of
approximately 30 years. The advantage of this stsitlyat the sensitivity of LUC
emissions to several key variables, including $puece constraints, 2) substitutability
of crop co-products, 3) demand response for fobgliedd responses to higher prices,
and 5) lower productivity of cropland coming intmguction'* The paper illustrates
that estimated ILUC emissions vary considerablealitferent base values of these key
parameters.

It should be noted that the previous studies di@ relied on static economic
models that inherently ignore the dynamics of lasd decisions or commodity
marketst? Additionally, biodiesel mandates, cellulosic etblaand other “advanced”
biofuels produced in the U.S. are not modeled,thade studies have not measured
ILUC on the economic margin, as the modeling apgnexogenously “shocked”

baseline conditions with a high level of corn etbla’Also, cropland expansion in the

 An ad hocproductivity factor of 0.66 is used to simulatdueed yields of new cropland. In general
there is a real dearth of data that ties land oty and production characteristics of lands sidered
“marginal” to regional average yields. Hertel ettseech the scientific community to fill this @oT his
sentiment is echoed in the concluding chapterisfdlssertation.

12 The authors are very clear that results of thinarative static approach should continue to be
compared with those obtained from dynamic optinniraapproaches.
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U.S. onto forested or grazing lands is highly iestoained in these studies using ad hoc
assumptions or extremely inelastic elasticitiesuddstitution for U.S. land uses. Greater
flexibility in U.S. cropland expansion possibilgi@vould presumably decrease these
estimated losses further.
3.3.2 Land Use and GHG Mitigation

Induced LUC emissions are important in a climaigation context as well.
Recent studies argue that not accounting for iotlit&)C in life cycle analyses of
bioenergy is a critical carbon accounting flawnternational climate policy legislation
(Searchinger et al., 2009). Such models measurketi@sponses to bioenergy
expansion and subsequent land use decisions drwdre commodity market impact.
Additionally, offsets that incentivize land set@es on marginal or productive
agricultural lands, while beneficial from carbordamildlife habitat standpoints, can lead
to alternative forms of development, including demal deforestation and grassland
conversion. This point is highlighted by unanti¢gzheffects of the Conservation
Reserve Program (CRP) that have been explorediwuméber of previous studies (Baker
and Galik, 2009 ,Baker et al., 2008, Wu, 2000, 200file the program produces local
environmental benefits, setting agricultural land&le for conservation purposes can
induce leakage other regions. Also, maintainingseovation lands in a period of high
opportunity costs of conservation (i.e., arbitsahlgh commodity prices or land rents)
can lead to alternative forms of agricultural depehent in more sensitive ecosystems

(Baker, et al., 2008).
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Leakage is often thought of in a biofuels contéxt, pure climate mitigation
activities can also lead to indirect land use clean@everal studies have evaluated
leakage from forest conservation, forest managenaeuitafforestation efforts (Gan and
McCarl, 2007, Murray et al., 2004, Sun and SohngéA9), and conclude that upward
pressure on commodity markets induced by forestorasequestration incentives that
lengthen rotations and alter forest managemensk#itimber production elsewhere,
leading to diminished GHG gains to the mitigatidiot. This effect can vary
tremendously; Murray et al., show that leakagectffen net mitigation potential can
range from less than 10% to more than 90%, depgratirthe region and mitigation
activity undertaken.

In summary, managing land resources effectivetjeatow-carbon policies such
that the mitigation and renewable energy prioriiesnot undermined will prove to be a
lofty goal. Shifting land resources away from centional food and fiber production
can boost agricultural development to the extensiaegin. In the U.S., this could signal
an increased propensity to deforest, cultivatenahtgrass or rangeland, or re-cultivate
lands currently enrolled in conservation prograimternationally, deforestation is of
primary concern. External pressures on land regsulicstrate the importance of
international offsets, or programs designed to cedieforestation rates internationally.
If policies and production responses in the U.8.paimarily responsible for commodity
price fluctuations, then U.S. support of policikeattcan alleviate land use change
internationally is critical for comprehensive cliteanitigation goals—a key result

discussed in the concluding chapter of this diasert.
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However, land use change is not the only conceemaronmental concern
posed by bioenergy and climate mitigation policasyvater resources are also at risk.

The next section discusses agricultural water mregsun a low-carbon economy.
3.4 Water Resources in a Low Carbon Economy

To date, most studies within the climate/wateadaym have focused on the
biophysical impacts of climate change on waterues®systems, and implications for
future water availability (Christensen et al., 200dckson et al., 2001). The economics
literature has examined water management institstio a changing climate, or how
agricultural production systems might respond imate change (Chen et al., 2001,
Doll, 2002, Fischer et al., 2007, Hatch et al.,499endelsohn and Dinar, 2003,
Mendelsohn et al., 1994). These studies take gotaiitan perspective, choosing to
explain the economic consequences of changing tetyves and precipitation patterns
with most highlighting the potential benefits o€reased agricultural yields brought on
by warmer temperatures, higher atmospherig €Gihcentrations, and increased regional
water availability*®

However, few studies have considered the impaclimiate mitigation
opportunities or renewable energy mandates onmagwater resource systems. This is
a growing area of concern, as highlighted by thetmecent Assessment of the

Intergovernmental Panel on Climate Change (Batat,e2008). Recent research

3 However, recent evidence by Roberts and Schlesuggests that crop yields decline substantially
beyond certain heat tolerance thresholds, sugggettat agriculture could experience substantiafavel
losses under recent climate change projectionsgRobnd SchlenkePNAS 2009).
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indicates that world categorized by serious GHGcéidn efforts would ease irrigation
water requirements and improve water availabilfgc¢her et al., 2007).

The interactions of water, energy, and climatécgare critical, especially when
climate mitigation efforts explicitly interact withF by affecting both energy input costs
and incentivizing alternative land uses. As clinraiggation schemes raise the cost of
energy inputs, water managers in groundwater degrgmdgions will be forced into
difficult decisions. In regions where scarcity & & concern, increasing the marginal
costs of water provision indirectly through GHG igation efforts raises equity
concerns. Where scarcity and over-exploitationpae®alent, raising the marginal cost
of water extraction could indirectly help sustdie tifetime of the aquifer. In addition,
higher energy costs could lead farmers to switaimdoe energy and water efficient
irrigation systems, such as the Low Energy Pregifipplication systemi? Regardless
of region, or relative water availability, climatatigation incentives will be pervasive in
water management decisions.

Policy makers should be careful in promoting carbenefits at the expense of
water resources; water quantity/quality trade-offsenewable energy development
should be carefully weighed.

3.4.1 Interactions with AF Mitigation Alternatives
In no way is the carbon/water trade-off more appede than with GHG

mitigation incentives for agriculture and forestyyhile previous research has suggested

14 Recent studies refute the claim that such syssamslly promote water conservation (Peterson and
Ding, 2005).
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that climate mitigation in agriculture can diredignefit water resources (Greenhalgh
and Sauer, 2003, Pattanayak et al., 2005), theedation will show that terrestrial
mitigation can have largely ambiguous net effectsvater consumption and quality

Much like land resources, one classify the pai@uced impacts of bioenergy
expansion and AF mitigation activities as havirthei direct or indirect effects on water
resources. Direct, or local effects, are the ac@mimg responses in consumption,
guality, and altered hydrologic flows associatethvai mitigation activity (or cultivation
of bioenergy feedstocks). Indirect responses oat@n changing production practices
or land uses in one region stimulate managemegnsity in another, thereby boosting
irrigation rates or application of agricultural irtp that reduce water quality

Biofuels present the most ostensible dilemma. Ttsevalid concern that a
global biofuel industry will increase use of irrigan water and degrade water quality
through agricultural chemical application (NatioRasearch Council (U.S.), 2008,
Rajagopal and Zilberman, 2007). However, some atigatethe net impacts of biofuel
development will be negligible at a global scalat, tould have acute impacts locally,
especially where water is scarce to begin with (Bes, 2002, de Fraiture et al., 2008).
In terms of quality, increased nitrogen runoff deaching are likely; for surface water
supplies this can lead to hypoxia in the Gulf Caastvell as other residual
environmental impacts (Donner and Kucharik, 20@8llocation of land to energy
production in one region extends production in hagtindirect impacts on water

resources could negate any benefits in the consanvagion. As an example, consider

15| refer to this as “water leakage” from herein.
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the case of an offset market that incentives latehsides for carbon sequestration. If a
unit of irrigated agricultural production leave®@uction in one region, then the indirect
market outcome could shift water use in a regioth wkisting scarcity concerns that
lacks the biophysical capability to participateam offsets market at a large scale (this
case is explored conceptually in the following diegp

The cultivation of dedicated energy crops or usagoicultural residues for
bioelectricity could have less pronounced effectsvater. Perennial biomass crops
such as switchgrass, hybrid poplar, and willow i&tuce agricultural input use and
irrigation requirements relative to alternativefbm crops such as corn and soybean
(Scharlemann and Laurance, 2008, Zah et al., 26@xyever, water leakage is still a
concern if dedicated energy crops replace foodymtoh in areas with predominately
non-irrigated production.

Agricultural mitigation activities will also afféevater resources directly and
indirectly. Consider land set-asides and soil ssfjagon through reduced tillage. The
former will obviously reduce irrigation withdrawadsd improve water quality locally as
land is taken out of production. For instance, aegeindicates that CRP lands reduce
water erosion, sedimentation and nutrient leacfidayie and Lant, 1994; Randall et al.,
1997). Conservation tillage is another option wéase the sequestration potential of
agricultural lands (Lal, 2004). The advantageamfservation tillage is that it helps
nutrient and water retention in agricultural sdésding to decreased input use and long-
term production sustainability. Conservation tidagso reduces soil erosion, which

decreases sedimentation runoff (Lal, 2004, Pimezital., 1995). Regional studies have
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combined economic and biophysical modeling systienssmulate potential
environmental co-benefits of conservation tillafyading net water quality
improvements (Feng et al., 2007, Kurkalova et2lQ4). However, reduced tillage is
often accompanied by additional herbicide applagtivhich can degrade water quality
(Schneider and Kumar, 2008).

In many parts of the world nitrogen runoff fronriaglture is the predominant
source of water pollution and the problem is wonsgiiAneja et al., 2008, Greenhalgh
and Sauer, 2003). In the United States, Gulf of ilekypoxia, caused primarily by
upstream agricultural runoff, threatens aquaticsgstems and critical food supplies
(Robertson and Vitousek, 2009). Globally, this peaiis acute in a number of regions;
more than 400 hypoxic zones have been identified hypoxic activity has increased
exponentially since the 1960s (Diaz and Rosenlt28@8). Nitrate contamination in
surface and groundwater systems poses a serioufivaarde set of health risks, and is
another environmental cost of agricultural N usewfsend et al., 2003). Thus, any
effort to reduce on-farm nitrogen use--be it thiougitrient trading or N use offsets, will
aid in reducing the environmental costs of intesugeculture. Production function
relationships between N and water inputs and \g#lects will determine whether the
extent to which N offsets affect water resources.

Forest offsets can also alter hydrologic flows] ardirectly impact water
management outside of the system. Afforestatioantices can have indirect
consequences on water via leakage, similar toftreraentioned options. Additionally,

new forest stands could directly impact hydrolagyistems by reducing stream flow and
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disrupting natural hydrologic processes (Jacksah. e2005, Jackson et al., 2005, le
Maitre and Versfeld, 1997). The extent of reduaatbff and water system disruption
depends on the geographic location of afforesteddaand the species of vegetation
planted (Farley et al., 2005). Depending on theggeahic location of afforested land,
impacts on the hydrologic cycle can be quite seri@omer et al., 2006). Avoided
deforestation, can benefit ecosystems and watglisgy reducing run-off, preventing
erosion and flooding, protecting fisheries, anddong siltation of river systems

(Chomitz and Kumari, 1996, Parrotta, 2002).
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CHAPTER IV
A MODEL OF LAND ALLOCATION AND MANAGEMENT UNDER

BIOENERGY AND GHG MITIGATION POLICIES

The purpose of this chapter is to develop a conetphodel that is consistent with
the goals of renewable energy (implying croplangagsion) and GHG mitigation
(which could refer to offset market participatian,some other price-mechanism
incentivizes reductions in emissions or enhancgdesration) on land management
options on the intensive and extensive marginss model shows how such policies can

all lead to higher output prices.

4.1 Background

Several previous studies have addressed the welf@reommodity market
implications of renewable energy mandates or GH@ation in the agricultural sector
(Murray et al. 2007, Baker et al., 2010, Feng aadddck, 2010). Feng and Babcock use
comparative statics of a system in market equiliorto show that biofuel mandates will
lead to cropland expansion and management inteasdh in input use as farmers
respond directly and indirectly to the new markatditions. Keeney and Hertel, 2009
use a global computable general equilibrium to sateudand use responses on the
intensive and extensive margins. This study takissmhethodology a step further by
illustrating the effects of combined bioenergy mated and mitigation efforts on land

management decisions.
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This chapter presents a simple model of the linkdmptween the production of
food, bioenergy, and the provision of carbon fromitiple land supplies. This model
provides insight into the effect of renewable egargndates, GHG intensity thresholds
for bioenergy, and carbon offset incentives on larashagement decisions along the
intensive and extensive margins. An extensive ghiigriculture requires that new land
be brought into production (such as previously pobide land that had been idled, or
natural forests or grasslands that are cultivatedhe first time). An intensive shift
requires a change in management intensity (i.eeased application of agricultural
inputs). This chapter attempts to conceptually mtdelinkages between reduced
carbon policy efforts, and how land managementshdn affect commodity prices as
well as the potential and costs of GHG mitigationhe AF sectors. Innovations of this
model compared to previous studies of biofuel meesdand land use include the
addition of emissions intensity of production, mates combined with GHG intensity

thresholds (instead of a pure volume-based mandatd)a carbon offset market.

4.2 The Model

First, consider a system in which producers wilkeneesource allocation and
production decisions in a static fashion. Consasupply of landL() that can be used
for three alternative purposes: production of cotiemal food {), bioenergylf), or
carbon €). The supply ofc can more generally be thought of as the net enrmssio
mitigation emanating from the terrestrial systewvile there are many food and

bioenergy cropping alternatives, this model assuemesry general commodity
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representation for simplicity. Conventional comn@di are represented by the
compositd, bioenergy is represented by the compdsind GHG emissions, An
aggregate production functioi)(captures the production possibilities of thesedgoas
a function of land use, and an index of produciigansity (a variable which includes
soil management intensity, and the degree of agui@l input use), denoted Ipy. The
level of chosen management intensity is directlgtesl to productivity and GHG
emissions. While previous studies have exploreddlesof intensification in alleviating
indirect LUC concerns of biofuel policies, no stuths explored this variable in detail,
or how resulting emissions can be altered by intg0$ production in addition to land
use changes. The form fcan vary by region; depending on geographic and
production characteristics of the land.

Before returning to management intensity, condidertotal land supply function

for this system.
(Equation 1) L=L°+L"+["

L® represents the land that is idle in a given timequ and.' is the land used for
the production of food, and is allocated to energy production. One can asghate
land is idled for a combination of factors, inclagithe non-market value of lands held
in situ, or due to geographic factors limiting greduction potential of lands (that is, not
all idle land can be used for food or energy proidmg. Alternatively, this could
represent land that is actively managed for tinfseduction. The interactions between

production agriculture and forestry are handledetail in subsequent chapters.
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4.2.1 Food and Energy Supply Functions

For now, assume that food and energy are the anbjugtive options on this
land, and while this may come from the same feettstine can represextandy® with
separate production specificatiofig>roduction of food follows a relatively simplistic
form that depends on the amount of land and inteagpiplied to the system, and the
amount of land in production at any given time (@hallows for declining productivity

as additional land is brought into production. EBatepresent the total proportion of

L'+
land in production, o‘ % . The aggregate supply function for food becomes:

L”
(Equation 2) Y, = J Y (i, ,6)dL’
0

Land-based bioenergy production takes a similanfor

L

( Equation 3) Y, = I v, (4, 0)dl
0

Following most agronomic relationships, assumé phaduction of food and

2

dy. .
Pi 50, and >-<0.
O, O,

bioenergy is increasing and concave in input useh ghat
Notice that the proportion of land dedicated toduation activities also enters the
production functiory;(). The implication here is thateteris paribusmarginal

productivity will decline in this system as additad land is brought into production,

18 Note that this formulation makes assumes no oppitay between energy and conventional cropping
systems (thus, no harvesting of residues on fosterys for advanced biofuels production. While the
Renewable Fuels Standard was designed to allobidéwels produced from cropping residues and other
agricultural by-products, | choose to model a gierferm of this management decision.
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oy.
thusa—g <0 forj=f,b. This is the expansion effect on productivity. Assugrthat

landowners will use their most productive landsvaty, any effort to expand total
acreage will boost total productivity, but at a ld@ng rate (holding intensity constant).

While this model can be applied to two distinctgarotion functions for food and
energy, this chapter makes the simplifying assuonpat the composite food
commodity and energy feedstock come from the saom @ hus, one can substitute the
production of food into that of energy using thensdeedstock. Land shares and chosen
production intensity for food and energy, respegtivwill remain independent of the
other. This is an important distinction. Since pheduction of each producers a different
source of emissions on the margin, it is importargeparate the two. For instance,
lower production intensity for energy crops canduce additional GHG benefits on the
margin as this is coupled with the carbon valutssil-fuel replacement.

4.2.2 Carbon Supply Functions

The contribution of this model is the joint prodsaipply function ot, either in
the form of emissions or mitigation potential, fremergy and food cropping systems.
Previous analytical models of biofuels, climateg and use have not captured the
emissions and terrestrial carbon sequestrationl@sadf the land use system. The
production ofc is defined as the sum of all sources of GHG emissand terrestrial
carbon sequestration in the system. Again, the tefmefers to all sources of GHG
emissions within the system that contribute toatreospheric concentration of GHGs.

These include:
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* CO; emissions from land shifts from idle to productise (a loss in terrestrial
carbon),

» CO, emissions tied to fossil fuel use captured byitensity proxy ),

* CO; emissions offset in the general economy througkrergy replacement of
fossil fuels (T ),

* N0 and other non-C£emissions captured by the intensity propy,(

» Emissions from energy consumed in transportingmndessing the bioenergy

feedstock per unit output (constant) is represebye@ (and the parametew is

GHG emissions per-unit energy consuniéd)
» C stored in productive soils managed under lowrisity regimes, and

» C sequestered in land moved over into conservation.

The net carbon supply function for this systemeagrebd by Equation 4, which
sums over all sources of emissions and sequestrfation productive and non-

productive activities.
(Equation 4) Y. =cs1® - L'c,(u,)-L°c,(1,) —(a)qpb - r) y?

Production activities can produce a source of Gi@issions through energy
and agricultural input use. Total emissions fromdf@ultivation will depend on the
amount of land in production, and the per-unit esoiss from cultivation, which is a

function of the chosen level of management intgn3ibus, the net contribution of

Y This is a simplifying assumption. In reality, emg consumed in transporting biomass for bioenergy
processing would depend on productivity per unmitlland
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from food production to& is represented by ¢, (u,). However, bioenergy

consumption replaces emissions from fossil fuellsostion, so the net contribution of
from bioenergy systems will include emissions fribra cultivation proces&{bcb(yb),
and emissions from transporting, processing, amtbestion of the final biofuel,

represented b{/awb - r) Y®. Thus, net emissions depend on production detgin

the intensive margink) and the relative share of land in each use.

This model also assumes that non-productive latidsequester a constant
amount of carbon, represented by the paranestein this simple static representation,
the carbon uptake from idle land is a functionhef amount of land idled, so saturation
of terrestrial carbon stocks does not happen igfere a dynamic model, terrestrial
carbon stocks would ultimately reach a saturatiointpand the stock of carbon lost
from land use changes would grow with the amounineé the land had been in a prior
use). Any change in this stock will be met by adiadn in annual carbon sequestration
(from shifts out of production), or an instantangtass in carbon equal to the
sequestration raté Any movement of land from production to idle we#l generate a

constant rate of carbon sequestratics). (This relationship is illustrated by Figure 5:

18 A simplifying assumption as this is a static modelcurate representation of terrestrial carborefu
requires comparative dynamics.
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c(l)=cs* L

Figure 5: Carbon sequestration supply from idle laul

Additional land moved into production will contriteua positive source of
emissions, thereby reducing the total supplg.afhe net effect of this source depends
on the chosen management intensity level for fomlenergy production, and the
proportion of each in the total productive landdyass discussed in the subsequent
section. Equation 5 depicts the net emissionstiagurom a unit shift of land into food
and bioenergy respectively. Here, the system sufidoss in carbon sequestration plus

any subsequent cultivation emissions from a chésexl of management intensity.

oY . . )
aLf =-cs+c, (U,) if food expansion

(Equation 5)

Y . . L .
aLf =-cs+c,(u,)—(wy,-1)y, (14,) if bioenergy expansion
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Emissions also vary with intensity of food and gygproduction ;). To
visualize GHG emissions at different levels of gffand the relationship between yield
productivity and emissions, consider Figure 6. Heweves are drawn arbitrarily to
depict concavity in production and increasing eioiss per level of effort. Yield per
unit area is represented by the vertical axis erlaft side of the figure. Emissions per
unit area are represented by the vertical axisenright-hand side. The horizontal axis
represents the chosen level of management intepgifyo reiterate, the intensity
variable is defined as some functional relationshgi captures the yield impacts of
input use and soil management decisions. Simultesigathe intensity proxy
determines the emissions contribution of the pradoactivity. As additional energy
use increases emissions linearly, and increasetMNzer can induce non-linear
(increasing) emissions, emissions from food syst@mrease over the intensity horizon.

First, consider a value @f = 0. This would imply the absolute minimum
intensity level required to produce some given le¥dase outputy?. One could

imagine this to be a labor-intensive system, pesheah perennial crops, continuous no-
till, and no fertilizer or chemical additives. Th®in source of capital inputs would be
the energy and machinery required to initially ptdre system and for harvest. Regional
climate and plant growth conditions might affeabguctivity more than management
decisions. Notice that at low levels of intensityd{cated by zon@), the system is
producing a net GHG sink (hence, negative totaksions) such that that the carbon
sequestered in productive soils outweighs the mhdit emissions produced form input

and fossil fuel use in the system. This would lkiehply a case of continuous no-till or
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conservation tillage practices, with limited faedr/chemical application, and limited
fossil fuel use. Net emissions then increase qujckich that the productive system

becomes a net source at low to medium leve|s.doFhus, the emissions function from

food production,c, (¢, ), is increasing and convex in intensity such that:

ac d°c
f(ﬂ%[ >0, and f('u%z >0. The implication here is that movement to the
f

p
intensive margin from a low-intensity system deéify Zone A into a high-intensity
system in Zone B will increase productivity, butla expense of higher emissions. In a
business-as-usual regime with no policy incentiee®duce emissions, a producer will
choose the level of intensity that equilibratesriarginal costs of intensification with
marginal returns. Incentives for emissions redunstjdnowever, could cause a producer
to relax management intensity if the GHG mitigatpayment outweighed any expected

loss in productivity from de-intensification.
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Figure 6: Emissions from productive activities

Emissions from bioenergy cropping systems takégatyy different form due to
the emissions displacement effect of biofuels. Tetaissions per unit area from
bioenergy cropping are depicted by the bottom curn&gure 6, and mathematically by
Equation 6. Here, total emissions are a functiomteisity as before, so, (1) denotes
the per-acre emissions of bioenergy cultivationweeer, additional terms are needed to

account for the full life-cycle emissions from bn@egy production from energy
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consumed for transporting and processing the bisr(defined byuy, ). Again, the term

@, represents the energy consumed to transport awe$s the bioenergy (assumed

constant in this model for simplicity—in realityishwould vary regionally depending on
processing technologies and hauling distances)ewhiis a simple emissions factor for
converting energy consumed to £@r similar GHG metric). The final term,

represents the emissions factor for an energy atgnivunit of fossil energy. Take the
example of corn ethanol and gasoline. A gallogasoline has CO2 content equal to
roughly 0.0088 tCge, and ethanol is roughly 70% as efficient as gasan an energy
equivalent basis, soin this case would be 0.7*0.0088 = 0.00616. Thushe case of
corn ethanol, in addition to cultivation emissioeach unit of bioenergy produced in the
system provides= 0.00616units of carbon through fossil fuel replacementhia

transportation fuel market (assuming no leakage).
(Equation 6) Emit, =c,(1,) - (wg, 1) y,(14,,6)
This specification shows that increasing bioenengyp yields will boost the

supply of GHG benefits up to a point whéar%(”%ﬂ = (wg, —r)(ayb('ub"%ﬂ j
b b

Beyond this point, the emissions from increaseenisity will outweigh the marginal
GHG gains of higher energy vyields. This is impottan policies that impose GHG
reduction thresholds on the full life-cycle GHG bkéts of biofuels. While the
production relationships of energy and food aresatered identical, choosing
alternative levels of intensity in both can affeet GHG emissions from the entire

system (thus intensity in food and energy productice accounted for separately).
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Consider a fixed proportion of land allocationveeén food and energy. Holding
this proportion constant, the net GHG effect ohdt$o the intensive and extensive
margins is given by (Equation 7. The importancéhedf specification is that GHG
emissions (or the supply of depend not only on the land clearing activityt &lgo on
management responses on the intensive marginsat€prost analyses have focused on

the former, but have ignored the latter.

azYc — aCf ()
oL'ou, oy

(Equation 7)

PV, _06) 4y _ ) Wil
b

Equation 8
(B ) ooy, ou, ou,

4.2.3 Profit Maximization in the Absence of Policy

Incorporating the supply afdirectly into a land use optimization frameworkca
illustrate analytically how policy-induced shifts the intensive and extensive margins
can impact net emissions from the system. A systémexisting bioenergy mandates
(or equivalent incentive) that wishes to pursue GHigation might face higher
abatement costs than under BAU conditions.

First, consider a simple profit maximization casé¢he absence of policy drivers.
Here, land allocation and management intensity a@pend on the relative land rents

from energy feedstock, food production, and idle. #sssume that there is some implicit
value on land not ih" or L°, which is depicted by(L°). Let w, (,u/.) represent the

costs of input use for a given level of managenm@ensity per unit land area, and Rt
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be the price of fossil energy used in transporéing processing bioenergy (processing
biomass to energy requires additional cost compsreprevious studies have
employed this component to describe the price diffee between corn and ethanol).
Now we can express the net returns function framd kase activities in the following
terms:

(Equation 9)

J
m= max Y(PY!-w,(u)L, = Rg Y +V,(L)) forj=f.b

f
L ,Leyﬂf WHy j=1

st. iu’ =L
j=1

Where: P.,Y’.w (u)=0 forj=c
@, (1, L')=0 foj = f,c
V,(L,)=0 foj = £,b

The Langrangian for this system becomes:

(Equation 10) L(...):ZJ:(Pij ~w (U )L, - (U, L)Y +V/.(L/.))—)I(L—ZL/J

j=L

First order conditions of this system are showthanfollowing equations, where
a “*” is used to denote choice variables at optilgaEquations 11-13 ensure that the
marginal value of land among alternative uses islibgated at the same shadow price
(A).

Land will be allocated such that these conditioolsl lon the margin; any change

in the relative value one land holding will influmnallocation among the other uses. For
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instance, a policy that increases the equilibriemmmodity price of f ob, or mandates a
greater supply of either commodity will bring mdaad into production (assuming no
change inv¢(L"). (Equationl4 and (Equation 15 equate the marginal costs of an
aggregate shift in management intensity with thegmal value of productivity gained
by boosting intensity. Thus, an aforementionedqgyatiriver could also manifest itself in
higher average production intensity to enhance yotidty per-unit area. Equation 16

ensures that the constraint on land allocationswlgquilibrium (that is, land cannot be

created).
(Equation 11) Py, (4 ,8)=A
(Equation 12) R Yot 6 )~ B Yo(H 6 ) =
(Equation 13) w =A
aLc
L
0 . 6)dL” .
i '([ G —f ow, ()
(Equation 14) P, p =L .
O dy;
Lb* Lb*
N/ R 1CSLOLE
(Equation 15) P2 . = 1> Ml) | Py —° .
Of4, du, Op,
J .
(Equation 16) YU=L
=1

Assuming all second order conditions hold for gystem, one can use
optimality conditions to express the optimal larsg tiotals and the intensity proxy as a

function of own price, cross price, and supplyhd bther good. The implication is that
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policies that influence commodity prices, mandategroduction of bioenergy, or
incentivize GHG emissions reductions could altedlenanagement trends on the
extensive or intensive margins. The next sectitmsvsconceptually how biofuel and
climate mitigation policies might affect market dduium, and additionally how such
policies might alter the land use optimization peotn. In addition, policy induced shifts
in the demand for or price dbr b will influence land management decisions of the
other. Indeed, this result has been shown in thealure for land management decisions

with a bioenergy mandate (Feng and Babcock, 2010).

Note that while the joint product supply ©fs not included in this pre-policy
land allocation problem (as it does not affect mation criteria in the absence of
policy), total emissions, or the supply®@fcan be calculated using optimal land

allocation and intensity variables.

4.2.3.1 Adding a Bioenergy Mandate

First, consider the effect of a mandate on a systemarket equilibrium. For
simplicity, allow food and bioenergy to be derivfeoim the same form of biomass
(consistent with corn and ethanol, or soybeanshéodiesel). It has been shown that

there is a distinct relationship between theseegridenoted by (Equation 17:

P
(Equation 17) P, = 7f -P.g,

Where:
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p=—2

(Equation 18) =
1- 5162)

The parameteg is formed of several components has been propased
methodologies presented in Moschini et al., 20@9Gdrter and Just, 2009, and Cui et
al. 2010 to show the direct price differential aofl and bioenergy prices in market
equilibrium. In essences is an adjustment factor that relates that prie¢ ¢an be
received for a unit of food to the value of eneagy food by-products that can be
derived from converting a unit of food to bioenerfiyportant parameters in this
specification include the energy equivalence cosiverfactor of bioenergy relative to
fossil fuel equivalentsy, the net feedstock required to produce a unioénergy
output (), the proportion of the feedstock that can re-etiite food supply chain as a

byproduct ©,-- an example would be Distillers Dry Grain fronre@thanol

production), and the price difference of the byeurat as a close substitute to the raw

commodity @,). Also, to get the price of bioenergy, one musbaleduct the energy use

and costs of transporting and processing the bisnmas fuel, orP _¢,. Thus there is a

distinct relationship not only between food andeniergy, but also between fossil energy
prices,P; andPy.

To illustrate how a biofuel policies affect equiiilom prices for commodities, let
aggregate supply functions from the system desdréiis®ve depict the total supply
curve, and let the demand for bioenergy be refteotehe aggregate demand curve for

food (as this is the primary feedstock driving gygprocessing). Furthermore, sirfce
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andb are derived from the same biomass source, onearabine these supply curves to
depict equilibrium conditions in commodity markétghich are influenced exogenously

by energy markets).

(Equation 19) Q;+Q =Y +Y"=0Q7

Consider Figure 7, which depicts the equilibriurpgy and demand of food and
bioenergy following a format similar to recent vaglf analyses of ethanol mandates
(Moschini et al., 2009, de Gorter and Just, 2088, @ui et al. 2010, Feng and Babcock,
2010). The vertical axis on this figure represenésHere, the equilibrium price for food

is not met as distortionary policies in the enegsggtor, such as ethanol blending

requirements and production tax credits for bicfukive the price of food t&’. The

initial supply of food and energy a@;° and Q;° respectively.

What happens if a stringent mandate requires aaaitibioenergy from the
system? Lettind® denote the volume of the mandate (her@é; B), this forces a

wedge between equilibrium supply and demand, e¥felgtrequiring more feedstock

production from the system than would have realineder pre-policy conditions. This

would boost the equilibrium prices of food R}, while reducing the supply of food to
1 . . . . . .
@; . With higher food prices, the price of bioenergiynbs as well to a new level of

P
R, —f‘Pe%
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Figure 7: Food and bioenergy market equilibrium with a mandate

Returning to the optimization framework from EqoatB, there are two ways in
which the effects of a bioenergy mandate can berpurated into the model, with
similar implications for land management. For agerproducer optimization problem
of a single landowner that is a price-taker, onesienply compare optimal land
management under baseline and policy-induced pegienes. Alternatively, one could
model the land allocation problem as a Social Rtapnoblem in which regional land
resources are allocated to prodéieadb. In such a case, one could model the
exogenous shift in prices, and a mandatory prodadtireshold fob that would not be

there under pre-policy conditions. Holding theweafunction for idle land constant in
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this new policy regime, the mandatory levebokould imply a re-distribution of land
resources. Feng and Babcock discuss the influeinae ethanol mandate on land
allocation, deriving total expansion and intensifion effects across different cropping
systems. The Feng and Babcock results are strargtafd and applicable to the model
presented here—higher prices bring additional latm production, but as this land is of
a lower quality, overall intensification occursrintain average productivity across the
system. That is, if an acre of existing food prdducis replaced by an acre of energy, a
market response would be to demand more food ptmaudf expansion occurs to
replace that lost acre, this would be of a lowalify, thus intense management would

be required to fully replace the lost acre of pidhn. Thus, by imposing mandatory

production levels of b, one can induce expansiod ehd increasquj to make up for

the lost productivity.

4.2.3.2 Adding GHG Intensity Thresholds

In addition to the binding mandates, the RFS2 aalif@@nia’s LCFS include
GHG reduction thresholds for bioenergy. These #iputhat the full life-cycle
emissions displacement of renewable fuel must bféssil fuel emissions by X%.
Typically, these metrics involve some correctionifalirect LUC emissions
internationally, but mostly they are concerned wfite well-to-wheel life-cycle
emissions from the bioenergy. Assuming that thergynequivalent GHG displacement
of bioenergy stays constartt |, this means that a threshold is imposed on GHG

intensity of biofuels in order to maximize the esnss displacement potential from the
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production system. One idea behind this sort ofcgahechanism is to promote
sustainable biomass production with limited envwin@mtal degradation to reduce
emissions from fossil fuel use and promotes alteradorms of energy without
sacrificing the productivity of conventional cropfowever, such emissions intensity
thresholds could reduce overall production andlead to additional leakage that would

not have occurred with just the binding mandate.

Emissions intensity of bioenergy cropping systears lsy reduced by lowering
cultivation emissionsd, (4, )), or by lowering transport and processing emissi@og,
). For simplicity, assume that only cultivation esions can be altered. Thus, emissions
intensity for bioenergy must fall below some polimandated threshold . Equation X

displays the emissions intensity threshold, whenessions intensity is defined as total

emissions per unit area divided by yield:

(c,(1,) - (i, - 1)y, (1))
AN

(Equation 20) <é
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Following Figure 7 this implies that production agmissions intensity would
have to lie somewhere in the range highlightedure bbelow (as indicated by Figure 8)
such that the per-unit emissions displacementadriergy reaches the mandated
thresholdf . Intensity to the right of this area would implycessively high cultivation
emissions, though falling to the left of the shadesh would imply low yields.
Assuming that production intensity of bioenergy lsasmewhere outside of this range
without a GHG reduction threshold, a reduction widog required, thus prohibiting

excessive production intensity. For example, ifdurction intensity from the system was

initially at £ but this violated the emissions threshold, thele@ease in intensity to at

least 44 would be necessary for the system to comply withittensity threshold. Note

that while this de-intensification implies a neduetion in emissions from cultivation,

such a shift would lower per-acre productivity aslw
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Figure 8: lllustrating the effects of LCFS on prodLiction intensity
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If a mandate still binds, an overall reduction iaémergy production intensity
would imply a greater allocation of land into bieegy. As the mandate binds, any
reduction in productivity per unit land would regpiadditional land to hit the quota,
leading to a re-allocation of land that reducesdifpmduction. First, reduced emissions
intensity from a bioenergy cropping system coul@lyrdecreased transportation
emissions from cultivation to processing locatiomganing a smaller radius of bioenergy
production surrounding the energy facility. Thidueed radius implies a greater
proportion of energy production within that areaadrade-off from convention or idle
use to bioenergy. The second reason is moreigditland is less productive on the
margin, and hence requires greater intensity teeseraverage productivity levels. Since
the point of a GHG threshold is to reduce emissintensity of production, bioenergy
expansion onto marginal cropland would likely notur. Instead, a producer would
substitute productive land currently used for fedterever reductions in management
intensity and emissions are possible without siaan much in the way of yield. Over
the long-term, such a replacement would lead t@esion in conventional commodity

production, perhaps onto marginal lands that reguitensive cultivation.

If reduced management intensitydmequires greater levels bf, this would
reduce the supply of the conventional commoditpssguently raising the price, as
depicted by Figure 9. This figure builds upon tihevious depiction of the effect of the

mandateB on the supply of andb. Now, there is a reduction in total supply due to
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restrictions on intensity. Supply decreases fv(c@fl + Qb51) to (sz + Qbsz), and

equilibrium prices are increase fro»‘ﬁfl to sz.

-
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Figure 9: Food and energy market equilibrium with amandate and GHG intensity
thresholds

N

The following mathematical expression augmentsotiginal optimization

problem by adding the mandate constraint and tHeséoms intensity inequality:
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(Equation 21)

J
= max Z(PJZYI _Wj(,uj)l-/' _Pe.(”jY/ +Vj(L/-)) fij =f,b

L'yt o
st. i =1
j=1
Y’=B
(Lbcb(,ub) —)(/c:gz)b - r) yb) iy

Where: P?,Y',w (u,)=0 forj=c
@ (u;,L')=0 foj =c,f
V,(L;))=0 foy = f,b
B = Mandate
& = Emissions Intensity Threshold

Optimality conditions from the system would reflte mandate and GHG
intensity threshold for bioenergy. That, in additio the higher equilibrium prices!?l.z,

could induce additional land expansion and intécediion inf. Thus, while GHG
thresholds can reduce emissions from bioenergyyataxh, such policies can
potentially lead to land use shifts and intenstfaafor food production system at a
greater rate than a mandate with no GHG reduchicesholds. Once again, the supply
function forc does not enter the objective function explicibdyt implied land

management patterns in optimality can be usedtimate net emissions.
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4.2.3.3 Adding GHG Mitigation Incentives

Now, in addition to policies that function similaio the RFS2, we can explore
what happens to the system when GHG mitigationnitiees are included into the
optimization framework. First, it is important tote that any price-based GHG
mitigation incentive mechanism would ideally targetissions reductions that are

additional to emissions under baseline practicesskch a policy to be successful, one

must first establish baseline emissions for thel las system. LeY? represent net

emissions under business-as-usual conditions. Wgitimmal land use shares and

intensity proxies, baseline emissions would be e the following equation:

(Equation 22) Y =cs®” - L%, (1)~ "¢ (1) —(a)(pb - T) y"b

Now assume that a mitigation policy is enacted th@ates a price incentive for
emissions reduction within the land use system.mbst obvious example would be a
carbon offset market that pays farmers for emissreduction or enhanced
sequestration, but other similar programmatic apghes could exist (such as a
voluntary program akin to the CRP that pays landenamio adopt mitigation practices

and pays them some established mitigation pric@)tlis model, leP; denote the value
of the mitigation price incentive. Also, I8 be total emissions from the system after

the establishment of the GHG mitigation policy. $htine total supply of creditable

mitigation from the terrestrial system is given'fy:

¥ This specification does not account for leakagerissions that accompany productivity reductions.
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Offset_Supply=Y* -y
(Equation 23)

WhereY °= baseline emissions

Any reduction in total emissions can come from egws in 4, or y,, or

through a land use shift out of production for carlsequestration (that is, higher levels
of L. If a bioenergy mandate binds, then no additibnzdn be produced for
mitigation. However, iB is not binding (that is, we replace the previoasstraint with
an inequality), then additionalproduction could contribute to mitigation goaldote

that not all variables need to move uniformly tossamitigation. That is, net emissions

reduction might be achievable through greater Bwél®, accompanied by

intensification (increase;dzl.). Changes in any of the land use or managemerahles

will imply different levels of production emanatirfigpm the system as well.

The new welfare function reflects this new GHG gation supply function
(relative to baseline emissions). No new constsaangé added to the system (depicted by
(Equation 24). However, a new term in the objectivgction that internalizes the value
of GHG mitigation through shifting land managempatterns, thus incentivizing

reductions in intensity or a reallocation of laod increased carbon sequestration:
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— f_
Lme?‘;)z(ny - PfY Wf(luf)Lf
EH M

Pbyb ~w,(K4,) L, = Pe%yb
V(L) + BV -Y)

J
s.t. L=1L
(Equation 24) ;

Where: B = Mandate (optional)

Optimality conditions for the system could fundaradiyg change in this scenario
as the value of idle land is adjusted to accountémbon sequestration potential, or as
different levels of intensity are chosen for enossireduction. Before, bioenergy
policies affected the value of productive landg, faw land is reallocated as rents from
production compete with the value of carbon segatsh. On the margin, a new unit of
land moved td_® would now include the value of carbon sequestnafidis relationship

is displayed in the following equation:

c*
(Equation 25) % +Pcs=/

For a sufficiently highP. this additional value on idle land assures, awvdry
least, that production expansion will occur atawar rate than in the absence of the

mitigation policy, implying reduced land use changeler a carbon pricing regime.
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Now, as the cost of emissions from managementsitieis internalized, the marginal
value of an additional acre of productive land nmhesbalanced with the costs of that
land and the GHG costs of management intensityt |g¥eThus, the offset value of
changing management intensity must equate witlmidwginal returns to such a shift.

If commodity prices adjust to supply contractidme existence of a carbon offset
market might not imply a net reduction in intensitythe commaodity price effect of the
mandate or shifting land out of production is laeg@ugh, or if reductions in intensity

only produce small GHG benefits, this could indaoantensification effect that boosts

emission%c‘; (u)<c (,ulf*)). However, with more moderate shifts in commoditizes

and a carbon price that is sufficiently large, aroald expect a reduction in
management intensity relative to the baseline dubkéd opportunity costs of forgoing
carbon offset credits. The returns to a margin@l afridle land should be equal to the

marginal costs of land conversion, and the oppdstwosts of taking land out of

V. (L%)

0
production (or# + P cs). Note that the opportunity costs of taking land of

production will increase as more land is idled (asdhe productivity of land increases
with L®, thus the landowner is surrendering higher quéditgl with each additional unit

of L°).

4.2.3.4 Combining a Bioenergy Mandate with GHG Mitigatiorcéntives

To reiterate, the supply of GHG abatement from tbesentative land use

system could come from reductions in managemeensification, further production of
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bioenergy beyond baseline levels, and through $atéhsides for carbon sequestration.
However, as the previous section argues, bioermaagydates could increase land use
and management intensity. Thus, there are two itapbmteractions of biofuel
mandates and GHG mitigation that warrant furthesrdion.

First, a viable market or policy incentive for emans reduction could reduce
the initial land use change and production intgnsancerns brought on by the
bioenergy expansion policy for any valueRaf The full extent of this effect he full
extent of this effect would depend on the magnitoide., and the magnitude of the
bioenergy policy-induced commodity price shiftsPist andPf:. Thus, there is a
balancing effect at play, where movement to thensive and extensive margins is
driven in one direction by the bioenergy policydan another by the mitigation policy.
A high enough value d?; could introduce a contraction effect, where thaltsupply
under the carbon price regime is lower than undseline conditions. As the mandate
still binds, such a contraction would imply sigodntly higher prices for food and
energy output.

The second important interaction deals with the@Veosts of mitigation. If a
binding mandate boosts prices and returns prodaitdivd, this makes it more expensive
to move land intd. or reduce intensity for mitigation purposes birag the marginal
value of production. This implicitly increases tmarginal compensation required to
reduce GHG emissions or alter land use for carlegaestration. Thus, the mere

existence of a biofuel mandate shifts the suppldfG mitigation inward by increasing
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the marginal costs of GHG abatement. This is degdibly the inward shift in the supply
of mitigation fromY;” to Y,° in Figure 10.

An emissions intensity threshold for bioenergy aaightly different effect. If
the emissions threshold imposes a bound on emsssitensity (and hencey, ) that is
below baseline production intensity, this arbitsaldwers potential GHG reductions

options for bioenergy cropping systems. Additibnat decreases flexibility in the

system for allocating productive land to carbonusstyation and boosting intensity to
make up for lost productivity (ag, is potentially constrained). This again will mésit
the supply of additional offsets from the systemillastrated by the second supply shift
in Figure 10, or the movement fronch to Y, ).

Thus, resource requirements and price effectsnoiadate and the decreased
management flexibility of a bioenergy emissioneisity threshold could make GHG
mitigation from land-based activities more cosilfzie net market and environmental

effects of combined bioenergy and GHG mitigatiofigies are more fully assessed in

subsequent chapters.
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Figure 10: Effects of bioenergy policies on equilittum GHG mitigation price and
supply

4.2.3.5 Expanding the Problem to Multiple Regions

To finish this chapter, consider the problem of a@ing land resources across
multiple regions, each with different biophysicabkcacteristics that affect yield
productivity and carbon sequestration potentiat. stmplicity, consider a two-region
case. Aggregate supply of food energy and carkmn this system is found by
summing over total production in each region. RBedi can be described as very
productive; both in terms crop yield and carbornusstyation potential. This is shown in

Figure 11, which plots yield productivity per-uaitea as a function of management
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intensity on the left-hand side, and the lineaatrehship between annual carbon
sequestration and idle land) on the right-hand side. Notice that Region ldsanly
more productive ifi andb per-unit area, but that idle land in Region 1 ssters carbon

at a much higher rate.

s yrl
Yy cs, *L

Figure 11: Land characteristics of the two-region mdel

The following system incorporates production fuaes and carbon

sequestration parameters for both regions diréatb/the model:
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Where: @ f4, ' ) =0 fgr=1i f,
B = Mandate
&= Emissions Intensity Threshold

In this new specification, the model will allocdd®&d resources in each region
given a policy landscape and market conditionshEagion has its own endowment of
land, but aggregate production of food, bioeneagy carbon is the sum of total supply
in each region. The purpose of illustrating thisdelas to show that in more complex
systems composed of multiple regions with differgedgraphic and biophysical
characteristics, land use shifts to the extensikiatensive margins will vary. For
example, a sufficiently high carbon price coulduond cropland contraction and reduced
intensity in the more productive region while exgiaag production in the other, as the
productive region has an absolute advantage infroithuction and carbon
sequestration. Incidence of such shifts is testekde empirical chapters of this

dissertation.
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4.2.4 Relevance of Intensity to Environmental Quality

Non-GHG environmental impacts of agricultural offésare perhaps of more
concern than pure GHG leakage. An important fatttat has been relatively ignored to

this point is the importance of the intensity prpxy, , and how spatial production

patterns and GHG abatement portfolios might segburce consumption and
agricultural pollution to regions with little adviage in GHG mitigation. Such an impact
occurs as an indirect response to higher commauitgs as indicated by the multi-
region model above.

A simple conceptual model can illustrate the exmganand intensity effects of
various policy drivers, but ultimately a fully irgeated model with detailed information
on production practices, land quality, spatial cnoig patterns, and biophysical
parameters capturing pollution and GHG effects ahagement activities is needed to
understand the net effect of shifting land uségpas. The following chapters seek to
more fully understand the unintended consequenfcesatmnal biofuel expansion and
GHG mitigation incentives on non-GHG variables sastwater consumption and

quality, nutrient use, and energy use by region.
4.2.5 The Importance of Dynamics

Additionally, land management decisions (partidylar forestry) are typically
made intertemporally, especially in the forestrgtse This chapter has ignored the land
use and terrestrial dynamics. By not modelinglaimel allocation problem under low-

carbon incentives using comparative dynamics,likedy that | have underestimated
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GHG emissions from land clearing, underestimated>@Hltigation potential, and
overestimated the full land use consequences ofieyshock. A dynamic model
allows for market adjustments to occur more smgoihktead of assuming a one-tie
adjustment to a policy perturbation. The empiricaldeling to follow uses an

intertemporal model that can assess land use cdropemarkets

4.3 Conclusions

This chapter has presented a simple model of ldodaéion and management to
illustrate how bioenergy policies and land-based3Gdffset incentives interact. The
model can be used to show that mandates, GHG ityenstrics for bioenergy, and
GHG mitigation will contract the supply of convesral food production. In an
equilibrium framework, this implies higher commadgrices. A bioenergy mandate will
lead to production expansion and intensificatiofowd and energy cropping systems.
Pursuing GHG intensity metrics for bioenergy iniéidd to a mandate can boost prices
further by restricting bioenergy management opti@msl hence, food supply). GHG
mitigation incentives subsidize landowners for GH@uctions from decreased intensity
and through reallocation of land for carbon seqaéish, though this also constricts
supply and boosts prices. Also, bioenergy policgssrict the supply and raise the price
of land-based GHG mitigation. The following chapteiill expand on this theory and

address land use shifts using a detailed economizm
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CHAPTER V

EMPIRICAL MODELING FRAMEWORK

The U.S. Forest and Agricultural Sector OptimizatModel with Greenhouses
(FASOMGHG) to simulate production responses, lasel decisions, and market effects
of bioenergy and climate mitigation policies. Axtroduction to the modeling
framework is provided, including recent advancesipent to this analysis. Then, |

discuss the simulation scenarios that form the nedea of this dissertation.

5.1 Modeling Framework: FASOMGHG

This analysis uses the Forest and Agricultural @g0ptimization Model with
Greenhouse Gases (FASOMGHG) for this analysis. FAGEG has been used in a
wide range of studies to evaluate the economict¥eness of AF-GHG mitigation in
the U.S., biofuels, bioenergy, and the subsequantanmental co-effects of such
strategies (McCarl and Schneider, 2001, Murray.ef804, Murray et al., 2005,
Pattanayack et al., 2005, Schneider et al., 20€fMm&der and McCarl, 2005). The
FASOMGHG scope and structure allows evaluation df33nitigation strategies in the
AF sectors and the impact of renewable energy ataiscn the agricultural supply
chain (Murray et al., 2005; Schneider and McCai03).

FASOMGHG was recently updated (from the versiorduseMurray et al.,
2005) to provide a better portrayal of contempofargstry and agriculture (Baker et al.,

2009). Advances include additional bioenergy ati&igirepresenting new marketable
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alternatives for food and timber commodities, a#l a®residual by-products of harvest
and production. The model is particularly uniquétsnability to evaluate a full suite of
biofuel feedstocks for processing ethanol, celligleshanol, and biodiesel;
FASOMGHG now contains more than twenty alternabiiduel feedstocks for
processing starch- or sugar- based ethanol, ceituthanol, and biodiesel, and a
variety of AF feedstock sources for bioelectrigiyith options for 200% or co-fired
biomass generation).

Updated technological growth assumptions offemtiosst up-to-date picture of
when advanced biofuel technologies will be econaittydeasible, drawing from
literature and information used by the US-EPA wate RFS2 rules and regulations.
Commodity demand, energy market, and input costtr@assumptions have been
updated to accurately represent current and futandet conditions. The forestry sector
has also been updated to 5-year time steps (prayithe model was solved in 10 year
intervals), recent timberland inventory, distrilautiof ownership, and harvest schedules
with an extensive processing sector and the adddfonany manufactured product
forms. Additional forest management options wese ahtroduced.

FASOMGHG methodology allows for explicit land usengpetition between
multiple land uses, as a subsequent section veidudis. FASOMGHG is disaggregated
into 63 minor production units in the lower 48 sgtand 11 main agri-forestry regions.
All major FASOMGHG agri-forestry regions includeoprand forestry production
opportunities except for the Great Plains and Seest (which includes most of Texas

and Oklahoma).
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In addition to land use competition, FASOMGHG pays a full suite of GHG
mitigation options, including biological sequesimatof carbon in agricultural soils and
forest stands, alternative crop and livestock petida practices to reduce emissions,
and bioenergy feedstock substitutes for fossilSu€he gasses represented are carbon
dioxide, methane and nitrous oxide.

Forest carbon balances are tracked using a metgygobnsistent with the
Forest Carbon accounting system, FORCARB (Birds&y.£2000). Forest carbon is
tracked in trees, soils, understory, and end prediorest management offset
opportunities are endogenously modeled in FASOMG&il, include avoided
deforestation, rotation extensions, altered speuigs partial thinning, and reforestation.
Carbon sequestration rates for forest managemeuraymities vary significantly by
region, topography, and other factors, but typjcedhge 2.1-3.1t C# acré'year”
(Murray et al., 2005). Bioelectricity productiongsibilities from forest biomass are
possible from a variety of sources. All biofuelgldnoelectricity options modeled are
listed in Appendix A.

Most of the agricultural mitigation activities dissed in Chapter Il are explicitly

modeled in FASOMGHG, including:

sequestering carbon through cropland tillage change

* reducing nitrous oxide emissions from fertilizedananure/livestock,
* reducing methane emissions from livestock, manarelhing, and rice
cultivation,

» sequestering carbon by diverting land to forestsgnasslands,
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For a more comprehensive list and discussion afatibn activities in AF there are
a variety of sources available (McCarl and Schrnei2@01, Murray et al., 2005). Other
recent additions to FASOMGHG have improved ourighib model agricultural soll
carbon balances dynamically, and track soil cattedances when land use changes
occur. Changes in overall crop mix strategiesltage practices (modeled
endogenously) can boost carbon sequestration. @delnhNhO emissions reductions
from changes in nitrogen (N) fertilizer use throwgyterall changes in crop mix and
reductions in on-farm N use levels. Emissions fiec{and subsequent yield impacts) are
based on estimates from the CENTURY model (S.Mle@gal., 2009 ), which is used
for the U.S. annual GHG inventory. We also modeddtock emissions mitigation in

accordance with EPA GHG inventory methods and muiitign cost estimates.

5.2 Price Endogenous Framework

FASOMGHG is price endogenous, and hence solvegrioe and quantity
combinations by maximizing the sum of producer emdsumer surplus for all primary
and secondary commodities (Bruce A. McCarl and Té®M. Spreen, 1980). The price
endogenous framework is a popular modeling teclenfqupartial equilibrium (PE) as
market-clearing price and quantity combinationpr@fduced commodities and factor
input usage can be solved for, while evaluatingdis&ibutional impacts of market or
policy shocks. A general algebraic representaticthe price endogenous model with
product demand for a number of goods and factoplgdppom a number inputs, with

multiple production processes is provided below:
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(Equation 27)

Max ZTth (Zh) dzh - Z)j‘lpsu (Xi) dxi

S.t.

Z, - >3CuQs = O for allh
Bk
Xi + >>azQu < 0 for alli
Bk
Zk:bka/k < Y, foralljandg
Z, X, Qx = 0 forallihkandg

Here, many different types of firmg)(are being modeled, each with a finite set

of production processek)(that combine fixed factor$)(with purchased factors) to

produce commodities). The symbols in the formulation are as follows:

Par(Z+) is the inverse demand function for tif&commodity.

Zyis the quantity of commodity that is consumed.

Psi (%) is the inverse supply curve (marginal) for tieurchased input.
X is the quantity of thé" factor supplied.

Qg is the level of production proceksindertaken by firng.

Chp« Is the productivity (yield) of produdt from production proceds
bis is the quantity of th@" owned fixed factor used in produci

aipc Is the amount of thi" purchased factor used in producig.

Y,s is the endowment of tHj& owned factor available to fir

Kuhn-Tucker conditions from this system requiret tine@ shadow price on the

first and second rows are, respectively, the denaauldsupply prices. First order
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conditions also maintain that production levelssetso the marginal value of the
commodities produced is less than or equal to thegyimal costs of the owned and fixed
factors for each R.

The area under the product demand and factor stdipptyions makes the
objective function equal consumer plus produceplsist which is the net social benefit
generated by the market exchange of these gooéssdltition of the model generates
equilibrium price and quantity for each output, gnedchased input, along with the
imputed values for the owned factors of productibime competitive behavior
simulating properties of this formulation providepowerful tool for policy simulation.
Scenario analysis can be applied to a price endagesetting to determine the extent to
which exogenous policy shocks disrupt optimal dedramd supply projections and
output prices.

FASOMGHG is fully dynamic in most variables, ahdis maximizes inter-
temporal economic welfare. The model uses consfasticity demand functions that
are calibrated with elasticity parameters from aetg of public and academic sources.
As exogenous policy factors drive production odlaise away from the baseline levels
in response to bioenergy expansion or GHG mitigapiolicies, the price endogenous
model accounts for these market adjustments owver Ity depicting changes in
equilibrium prices and quantities supplied of alhpary and secondary commodities. As
commodity markets within AF are highly interdepemnij@ systematic shock that
disrupts the optimal production portfolio of oneramodity (e.g., corn) can cycle

through other primary or secondary commodity makstich as ethanol and livestock
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which use corn as a critical factor input, or ceuatstitutes such as alternative feed
grains).
5.2.1 Factor Input Use and Environmental Variables

To measure overall responses to exogenous pdimgks on the intensive
margins, | rely on FASOMGHG crop management optiitk varying levels of input
use, and emissions factors for several importavit@mmental variables. The model has
detailed crop budget parameters for each regiop/icranagement combination, in
which a set of factor inputs is used for each ®diemal production activity entering the
solution set. The amount of input use in each sgwn depends on chosen management
intensity levels and overall crop mix strategiesd@ction can be irrigated or dryland,
with varying levels of tillage intensity (convential, conservation, and no-till), and
nitrogen fertilizer application (full, 85%, and 70%nput use is consistent with regional
estimates provided by USDA-ARMS data. Each managénegime has an
accompanying crop yield, so changes in managemasnigity are accompanied by a
yield response.

Management intensity has implications for regiomater use (depending on the
proportion of dryland to irrigated production chokeAdditionally, soil carbon
dynamics and overall GHG emissions are influengethb production intensity
decision. FASOMGHG contains detailed biophysicahdan GHG emissions, pollution,
yield, input use, and carbon sequestration of regiorop production. GHG emissions
factors provide the requisite information on thé per-acre emissions associated with a

particular crop management option.
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Land use changes are accompanied by shifts in cdrélances between land
uses. FASOMGHG simulates land competition and foainsation between forest,
cropland, pasture, and conservation lands (CREIdiyig estimates of domestic indirect
land use change emissions. Land competition igarito this analysis, as land values
can be driven in diverging directions from bioeneand climate mitigation objectives.
FASOMGHG weighs all policy forces and allocatesdl&fficiently over time between
the different uses to satisfy the demands for cotieeal commodities, bioenergy, and
GHG offsets.

In addition to land use changes, production reseemo exogenous policy
stimuli are manifested in management intensity gieanAdditional environmental
variables tied to management intensity are alsské@ in the model. Thus, through
comprehensive GHG accounting and multiple prodagiossibilities, FASOMGHG is
able to estimate a variety of local environmentahdges and global GHG emissions (or
sequestration), and how these might be alterettemative policy regimes. These
include N percolation and runoff, NO3 runoff andsurface loss, soil and wind erosion,

use of other harmful inputs (herbicide, phosphoretrs).

5.3 Model Modifications for this Study

Here | discuss recent FASOMGHG modifications madadcommodate this

analysis. These modifications include:
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Updated energy market assumptions consistent hétiAtnual Energy Outlook
(AEO) 2008 and 2009 reports, with options for tagtihe sensitivity of AF
production patterns and land use on energy massetraptions,

Updated land use categories and methodology factieg land use competition
and land use change,

Inclusion of a CRP recultivation supply curve,

Welfare disaggregation in the AF sectors.

Asymmetric incentives for GHG mitigation activities

Updated Energy Market Assumptions

FASOMGHG incorporates recent projections of engngges and consumption

(AEO 2008, AEO 2009) to depict up-to-date energykeiaconditions and energy input

costs. This is an improved approach over past sdatwdeling efforts that keep the

price of these critical inputs constant over tiffibis allows us to simulate:

The effects of energy price induced operating castases on production
decisions over a dynamic time horizon,

How differences in input costs affect long termestment decisions and land
use change,

The market interactions of bioenergy and fossilduand the relative value of
bioenergy when relative GHG emissions reductiorsvatued across mitigation

schemes
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* The sensitivity of modeling results to energy madssumptions (AEO 2008 and

2009 projections are quite differefft)

Before this dissertation was completed, extensansisivity analyses were
performed on energy market assumptions. Figurdigilays energy price projections
for AEO 2009 (indexed off of 2004 values). AEO jeations end in 2030, so we
extrapolate beyond that period using an averagatigrowth rate for projections from

2015-2030, where prices trend upward at a relatireddest rate.

4
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Figure 12: Price trajectories for energy commoditis by AEO report date (Source:
EIA 2008 and 2009)

Notice that AEO 2008 and 2009 estimates vary cemalaly. Relying on

different sets of price trajectories can have rasgwg impacts on model results. This

D This is a critical issue. As FASOMGHG uses par@nseestimated from other sectoral models (in this
case, the National Energy Modeling System, or NEM&ults are often sensitive to byproducts of
alternative modeling efforts.
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dissertation relies on the latest projections (AE@Q9), but future work will explore
these sensitivities further.

The price of ethanol is equivalent to the ethavoblesale price, archived in
AEO reports beginning in 2006. The price of biodlas based off of historic prices of
B20. Since the AEO does not explicitly model the@of biodiesel, price changes over
time are based off of the price of diesel. Thia islid assumption as diesel and B20
prices have followed similar trajectories over timMdso included in the model are AEO
guantity projections for ethanol, cellulosic etharamd biodiesel. Constraints are
imposed that require baseline levels of biofuedpigiion to meet these projections.
Biofuel volumes are held constant after 2030 inlthseline due to uncertainty in
transportation sector infrastructure. Table 3 digplprices for important energy inputs
following AEO 2009 price trajectories. Notice tladlt prices are increasing in the
baseline, reflecting higher expected costs of pctida in the future under BAU
conditions. The price change for fertilizer wasedetined to be half the rate of change in
the well-head price of natural gas. Carbon priairgpresent further deviations from

this base as the CO2 equivalent content of eadhsfyeiced internally.
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Table 3: Baseline Energy Price Changes (Index ValgeOver Time where 2000 Base
Price = 100)

2000 2005 2010 2015 2020 2025 2030

Crop Ethanol 1.00 128 092 09 094 0.96 0.99
Biodiesel 1.00 1.07 155 205 2.09 216 2.28
Biodiesel Waste Oil 1.00 1.07 155 205 209 216 2.28
Total Ethanol 1.00 128 092 121 124 128 1.3b
TBTUs 1.00 134 129 134 132 134 1.3P
Fertilizer 1.00 107 155 157 162 166 1.7b
Electricity 100 126 124 126 131 1.38 1.46
Natural Gas Wellhead

Price 1.00 241 137 140 147 153 1.6}
Natural Gas Industrial

Delivered 1.00 241 137 140 147 153 1.6}
Imported Crude Oil 1.00 176 289 3.80 388 4.01 4.28
Diesel Fuel 100 145 128 169 1.73 1.78 1.88
Coal Delivered Price 1.00 126 121 126 124 126 1.31

5.3.2 Updated Land Use Categories

FASOMGHG accounts for a comprehensive range af lese categories
consistent with land classifications from multipésources. Baseline cropland use
comes from the creation of regional crop mixeskdistaed from historic agricultural
production estimates by crop and region, reported 8DA-NASS. FASOMGHG
grazing lands include public and private sourcesgjand or range, grazed forest, and
cropland pasture, following definitions, classitioa, and estimates from the ERS Major
Land Use Database (Lubowski et al., 2002).

While previous versions of FASOMGHG only accountiesberland, cropland,
and pasture (McCarl and Schneider, 2001; Murra/).€2005), the model now has

explicit spatial representations of rangeland (judhd private), CRP acreage, privately
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owned-grazed timberland, grazed public forest, larogh pasture, and forest-pasture that
is grazed only (this category is freely transfegaith timberland). Improved land use
dimensions allow for improved simulation of landguhange patterns in response to
policy. This categorization also allows for improv@HG accounting between different
land uses. Figure 13 displays the FASOM land ussstoised to form a land base for the

remainder of this dissertation (these represerd paar totals for the 2000 time period).

¥ Cropland

¥ Cropland Pasture

“ CRP

™ Forestry

¥ Grazed Forest (Private)
" Grazed Forest (Public)

Rangeland

Figure 13: FASOM land base for the U.S. by land ustpe

Definitions of these land use categories rely onimber of sources, but for the
most part are consistent with the ERS-Major Land tlassification system, as
follows—

1. Cropland- This includes only cropland that is harvested,fiby the ERS and

USDA Ag Census as “land from which crops were hste@ and hay was cut,
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and land used to grow short-rotation woody crogsdlin orchards, citrus
groves, Christmas trees, vineyards, nurseriesgegghhouses.” FASOMGHG
does not model all of these activities explicithgluding a number of fruit and
vegetable crops that comprise relatively small stodithe total land base.

. Cropland Pasture-Primarily used for grazing in the model, croplgrasture are
acres‘used only for pasture or grazing that could haweh used for crops
without additional improvement. Also included wereeaof crops hogged or
grazed but not harvested prior to grazingtate totals come directly from
AgCensus data:

. CRP-Land enrolled in the Conservation Reserve Progvath, state and county
level totals available through the USDA-FSA (FSA0Q)

. Public Forest Pasture-There is a significant portion of publicly ownedaging
lands, particularly in the Western U.S. These laardstypically managed by the
U.S. Forest Service, Bureau of Land Management (Bldvla variety of state
agencies which allocate grazing permits to produitmra nominal fee. These
lands are included in the FASOMGHG base to morerately map livestock
production (per head) to total acres grazed. Beggwith ERS estimates of
total forest pasture stocks, regional estimatgsubfic forest pasture are found
by using proportions estimated in USFS, 2004.

. Private Forest Pasture-Consists of privately owned grazed forests thatirfiéd
two categories. Forest pasture in agriculture is-tmberland grazed forest,

defined asall woodland used for pasture or grazing duringetcensus year.
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Woodland or forest land pastured under a per-heaigg permit was not
counted as land in farms and, therefore, was ndtdex in woodland
pastured.” (Lubowski, et al. 2002). These lands are in additd the private
timberland areas included in the model, so no fquesducts are withdrawn.
However, endogenous shifts into forestry from tiagegory are possible,
indicating a shift in management. The other catggdprivately held forest
grazing land includes land that is actively manaigedimber while
simultaneously grazed. A management option fosg¢hands is to cease grazing
altogether and manage for timber only. Acreagdddta this category were
obtained by deducting the US Ag Census estimatesotlland pasture from the
private grazed forest totals by region.

. Rangeland-We rely on the ERS-MLU definition for grasslandrange, which
consists of both public and private sour¢€rassland pasture and range
consists of all open land used primarily for pastarel grazing. It includes
shrub and brush land types of pasture and grazamgl Isuch as sagebrush and
scattered mesquite; all tame and native grassesnegy and other forage used
for pasture or grazing. Because of the diversityegetative composition,
grassland pasture and range are not always cledityinguishable from other
types of pasture and range. At one extreme, permanassland may merge
with cropland pasture; at the other, grassland magimingle or form
transitional areas with forested grazing land. Niagée agency, other than ERS,

accounts for all public and private land used faisfure and range. The
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estimates in this report are composites of data fileenGensus of Agriculture,
Bureau of Land Management, U.S. Forest Service, idBRgsource
Conservation Service and several other Federal aigsi¥

7. Forests-Regional timberland stocks, as well as timber demarventory, and
additional forestry sector information are drawonfrthe 2005 RPA Timber

Assessment (Darius Adams and R.W. Haynes, 2007).

This land use categorization system gives FASOMGH®mprehensive list of
land use types to represent the AF sectors andus@@ompetition. It should be noted
that there are discernible differences betweerrth®OMGHG land base (which
categorizes land in a similar manner to the USDASHWajor Land Use Database) and
non-federal land use totals as classified by thieifdhResource Inventory, (NRI), as
indicated in Figure 14. The major difference corftem the ERS-MLU classification of
rangeland and Cropland Pasture (which we do mogicgly using ERS regional
totals). The ERS Cropland Pasture category ovetaph the Cropland and Pasture
estimates in the NRI. That is, NRI likely accoufdsa portion of the land classified as
“cropland pasture” in both its “cropland” and “pas estimates”. ERS-MLU
Rangeland includes federal and non-federal souptes,non-cropland grassland
pasture, or lands that the NRI deems “Pasture”il&\here is significant overlap across
these sources, the FASOMGHG approach offers adeeilimented land categorization
base with a historic series formed from Agricultl€ansus (ERS-MLU) data that is not

wholly inconsistent with the NRI.
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Figure 14: Comparison of NRI and FASOMGHG land useotals

In all, the updated FASOMGHG land base is an impdomethodology from
past model versions, and one that we continue podwe upof'. FASOMGHG
methodology allows for explicit land use competitizetween cropland, pasture,
conservation lands (CRP), and forests based omfalterofitability between the
alternative uses, which allows us to simulate piaehUC impacts of policy drivers
that increase the relative value of land holdinga particular use (Ralph Alig et al.,
1998, Ralph Alig et al., 2010). Land can move betnvireely between cropland and
pasture use; transitions into and out of forestdse possible in certain regions. CRP
lands are eligible for cropland conversion. GHGoarting methodology tracks changes

in overall soil carbon stocks as land shifts betweges. Table 4 displays land

2L ater versions will build upon this methodologyngsia hybrid approach of ERS-MLU and NRI
definitions and regional estimates, but this isml#t the scope of this dissertation.
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transferability between alternative uses in the ehddand can move between freely
between cropland and pasture use given certairhpsigal constraints the limit total
transition potential by region. Transitions intalayut of forestry are also possible in
certain regions. CRP lands begin with a base &yl for cropland conversion. GHG
accounting methodology tracks changes in overdlcaobon stocks as land shifts

between uses.

Table 4: FASOMGHG Domestic Land Use Categories

Base Category Possible Land Movement
Cropland Cropland-Forest
Cropland-Pasture
Cropland Idled Not Transferrable
Cropland Pasture Cropland-Pasture
Pasture-Forestry
Forest Pasture in Agriculture Pasture-Forest
Forest Pasture in Timber (Private) Forest-Pasture
Forest Pasture in Timber (Public) Not Transferrable
Rangeland (Public and Private) Not Transferrable
CRP CRP-Cropland
Land to Development Not Transferrable

Source: USDA-ERS, 2009; NRI, 2003.

FASOMGHG is disaggregated into 63 minor productioits in the lower 48
states, and 11 main agri-forestry regions. Allan&§ASOMGHG regions include crop
and forestry production opportunities except fa Northern Great Plains and
Southwest Plains (which includes most of Texas@kidhoma). For more on regional
production characteristics, see Adams et al., 20@8.assessing afforestation potential

on a regional basis, we draw from USDA-NRCS estanatf environmentally sensitive
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or lower productivity land. Afforestable croplargldefined as land eroding at levels
above a tolerance level (T), and in lower produttiizand Capability Classes (LCC V
to VII), or cropland classified as wet soil. Pastetigible for afforestation was
determined using similar criteria except LCC VIavilll were restricted

Additionally, transition of cropland, forests, pas, and rangeland to developed
uses are exogenous factors in the model, incluneeflect the reality that productive
land bases are likely to shrink over time as pdputa grow and suburban development
continues. Land to development transfers are mddmatea regional basis by land type,
and are drawn from recent data prepared for th@ R&sources Planning Act (RPA)
Assessment, 2010 (Ralph Alig et al., 2009). Thesameters help us depict an AF land
base that is decreasing in the baseline due tdaj@went pressures. Accounting for land
to development pressures in an AF sectoral modélargework is important, as varying
levels of development pressures can affect lanccasgetition between agriculture and
forestry, GHG mitigation potential, and commoditycps (Alig et al., 2010). Figure 15
displays regional development trends by regionland use type over time, in million
acres per year. There is high variability in theoant of land leaving AF uses for
development by region, but these development trarelprojected to taper off to an

extent over time.
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Figure 15: Projected regional development transfergy land use (million acres per
year)

5.3.3 CRP Recultivation Supply

FASOMGHG has the option to simulate AF developnvetth and without
recultivation of CRP lands. The model defines altstock of available CRP in each
sub-region, using data publically available throtigln USDA-FSA (USDA Farm
Service Agency, 2009 ). CRP acreage totals arecggtgd to each FASOM region.
These data include contract termination periodswplich landowners can bid to
renew their contract, or revert to crop productithat is, each sub-region has a stock of
CRP acreage subject to a termination schedule FNSOMGHG CRP stock can remain
constant over time, meaning the CRP acreage c@ditwureceive a constant rental rate

over time, or it can revert to crop production @tegonomical rate following an upward-
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sloping supply schedule. Figure 16 illustrates etgx national CRP contract
termination by acreage totals. The bulk of cur@RIP contracts are set to expire within
the next few years; re-enrollment or additionahsigp will be contingent on expected

rental payments and commodity market conditions.
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Figure 16: Expiring CRP acreage over time

Existing CRP acreage by state (or FASOMGHG suberggs input to the
model by current stock, and expected contract teation period. The majority of the
CRP stock is concentrated in the Midwestern UrBmajor crop producing regions.
These are also the regions that are likely mosteqiible to further cropland
extensification (or contraction) depending on tbéqy regime. Table 5 displays
expiring CRP acreage by major production regiordide that the majority of existing

CRP contracts is set to expire from the 2009-2@rtod, with a large portion of retiring
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acreage set in the U.S. Great Plains, an area dbadiiby cropland. Contemporary
drivers of biofuel expansion could significantlyedt the amount of land returning to
agriculture over the next few years. In fact thend has already been observed, as CRP
stocks declined from a 2007 level of 37.2 milliames to a current (2009) level of 33.6.
FSA policy targets of 32 million acres signal tiia CRP will continue to see

reductions in acreage.

Table 5: Expiring CRP Acreage by Year and Region ir1,000 Acres (Source:
USDA-FSA; Aggregated to FASOMGHG Super-Region)

2009-2012 2013-2015 2016-2020
Corn Belt 1,717 1,291 1,730
Lake States 817 647 919
Western US 5,798 1,948 1,854
Great Plains 8,273 2,092 2,486
Southern US 1,569 857 995
Northeast 107 85 191

Two CRP scenarios are considered in this analyli first locks in CRP
acreage at 32 million acres, consistent with curfemm Bill acreage aspirations (Farm
Bill, 2008). Thus, only a small proportion of CR&crevert to crop production (current
CRP stock is approximately 33.6 million acres). Ebeond case allows this land to re-
cultivate freely. Like all supplies of land in FAMBHG, CRP is considered a factor
input into the aggregate production process. CR@age receives a base rental payment

equal to the average CRP rental rate by FASOMGHg=rsgion (FSA, 2009). To model
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a supply function of CRP lands, we rely on paramset¢stimated my Secchi and
Babcock, 2007. This study estimated the effectigiiér commodity prices on CRP
reversion rates in the state of lowa. The studgdithat re-cultivation maxes out at 72%
when corn and soybean prices increase 250% beysetatib levels (a case nearly
observed in 2007). These parameters serve as apgoxylfor a national CRP reversion
estimates as CRP lands range from very low to nabelgrhigh qualities in lowa, as is
the case throughout much of the Midwestern U.S re/fBRP lands are concentrated
As commodity markets and land rents increase, aR& can be purchased
(recultivated) at a higher proportion consisterthwine supply function outlined below.
The model weighs the cost of reverting CRP landsresg the opportunity costs of
keeping the land idle. Figure 17 maps the costRIPCeversion (compared to the base
rental rate) with the proportion of land allowedréwert at that cost. Consistent with
other input supply functions in FASOMGHG, the sypglirve for CRP reversion is
input into the model following a separable progranmformat. This is a technique for
approximating nonlinear functions of endogenousaldes that are separable into

functions of a single variable (McCarl and Sprek980Y>.

% This methodology can be updated with regionallgeific recultivation parameters as soon as such
estimates are available.

% Separable programming approximates a separabHimear function by solving for a convex
combination of grid points in the function domain.
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Figure 17: CRP recultivation supply curve

This formulation allows us to measure potential GB¥ersion rates under
multiple policy drivers. In addition, the CRP coudthy a variety of roles in a low
carbon economy, including landowner participatioiGHG offsets market. In effect,
we simulate this option by attaching a ££@rice to GHG emission/sequestration.
Carbon stored in CRP lands above baseline levelgdame credited, while CRP
reversion results in a debit equal to carbon valute associated land use change.
Essentially, this models the opportunity costs BiRCre-cultivation when contract
holders could be subsidized for sequestration piaidvy participating in a federal GHG
offset program.

5.3.4 AF Welfare Disaggregation

Following concerns echoed by the agricultural camity of the impacts of

climate legislation on net farm income and sectec@nomic welfare in general, welfare

accounting was disaggregated from an overall predsigrplus measure, to individual
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measures for forestry and agricultural producets@msumers, and between livestock
and crop producers, which allows for income disttidn effects of exogenous policies
to be measured.

First and foremost, returns to production for camygl livestock producers are
separated. This welfare measure is the producernsdus, or area defined as the space
above the marginal cost of production, up to thaldxjium price point. The costs of
purchased factor inputs (land, water, labor, asgdifduels) are also allocated to each
respective producer group using explicit FASOMGHG ropcbudget data.

For mitigation scenarios, payments and GHG crddibits) were allocated
between to each respective producer group. GHG eaftgiior the following accounts

are counted as a source of revenue for livestodtareeaccounting:

Improved enteric fermentation

* Manure management (N20 and CH4)

* Reduced N20 emissions from pasture managementdimg pasture
conversion)

» Afforestation on pasture land

» Bioelectricity revenue from manure biomass relativeoal combustion
GHG payments allocated to crop producer welfarkide:

* Reduced CO2 emissions from fossil fuel and agncaltinput use

* N20O emissions from decreased fertilizer use

* Bioenergy emissions reduction relative to fossélftcombustion

* Soil carbon sequestration
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» Afforestation on cropland
Forestry GHG payments include:
» Carbon sequestration resulting from altered famembtagement strategies
* GHG payments for improved carbon sequestratiomistfed forest products

* Revenues from forest biomass sales for bioelettrici

Bioenergy payments were allocated to producer ggdagsed on feedstock type.
When land is moved from one account to anothed tants associated with that use are
also transferred. For example if cropland pastsi@nverted to full-time crop
production, then returns to production on the newettof land, and all associate land
conversion costs are allocated to livestock protyceflecting the reality that producers
from the original land use will collect all landts under the new use. This is important
for afforestation, as afforestation GHG payments$ associated wood product revenues
will accrue to crop and livestock producers, noegters.

This welfare disaggregation allows us to examirstritiutional effects of energy

and climate mitigation incentives on multiple produgroups in the AF sectors,

5.3.5 Asymmetric Incentives for GHG Mitigation Activities

The typical Pigouvian approach for internalizing gocial costs of an externality
within a market system would be to price that endéity equivalently across all sources
at the marginal rate of social damages. Past FAGBM studies of climate mitigation
have done this by pricing all sources of emissioth sequestration symmetrically

(Murray et al., 2005). However, there is reasondosider asymmetric pricing as some
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offset activities are not palatable from a poliergpective, or are very difficult to
implement in reality. This dissertation employsasymmetric GHG pricing scheme to
consider alternative reduced-carbon policy regithas might limit the scope of a
domestic offset program. Specifically, this disagon introduces a limited offset
eligibility regime that does not incentive reduasan emissions from agricultural non-
CO; sources, or increased sequestration from altemes$tf management practices. In
another scenario, no offset activities are incergd, only bioelectricity replacement of
coal-fired electricity (where the life-cycle GHGdwgction of coal-fired electricity
generation replacement is priced). This providasigue look and land management

and production patterns under non-inclusive doroestset programs.
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CHAPTER VI
SIMULATION RESULTS FOR BIOENERGY EXPANSION

SCENARIOS

This chapter uses simulation analysis to examiaeetfects of moving from a
business as usual AF trajectory based on histadts and recent projections to one in
which biofuel expansion is included. Specificaltyexplores the implications of the
RFS2 on land use, GHG emissions, management ifitatigin, water, and commodity
markets. Sensitivity of these results is testeth aitd without Conservation Reserve

Program (CRP) recultivation.

6.1 Description of Scenarios

6.1.1 Baseline

The FASOMGHG baseline calibrates dynamic trendmjportant exogenous
variables using other existing data sources. Dynamuiiables represented in the model
include energy price trajectories consistent wliga AEO 2009 report, exogenous biofuel
production consistent with mandates establisheat poithe EISA-RFS2 (from the 2005
Energy Bill—some refer to these levels as the RFAdjicultural demand and yield
productivity growth are consistent with historiacdgorojected trends using USDA-NASS
data, U.S. import and export market demand, lamdchanges (RPA Assessment 2003;

NRI, 2003; USDA-ERS, 2009), and technical progiadsioenergy processing. AEO



121

projections of bioenergy production are summarinetiable 6. Note that this includes
significant growth in grain-based ethanol over et few years, even with the absence
of the RFS2. The implication is that in the absenfceenewable energy mandates, the
demand for corn ethanol will continue to rise un@seline conditions, affecting the

allocation of lands to food and fiber.

Table 6: Baseline [AEO 2009 (RFS1)] Biofuel Quantyt Projections (Billion Gallons
per year)

2010 2015 2020 2025 2030
Crop Ethanol 10.81 11.30 12.29 13.11 13.56
Cellulosic Ethanol 0.25 0.25 0.25 0.25 0.25
Total Biodiesel 0.33 0.36 0.37 0.40 0.43

The baseline scenario is estimated over an 80h@aron (2000-2080) to fully
capture changes in forestry investment decisiodstaa dynamic interactions of forest
and agricultural land use. The following chaptemspnt results on deviations from this
baseline as stimulated by renewable fuels manda@slimate mitigation opportunities
in AF.

6.1.2 Scenarios Employed to Analyze EISA-RFS2

To simulate the effects of adding the 2007 eneifjyrRFS mandates to the
baseline, the latest version of the EISA-RFS r(leterred to as RFS2) are incorporated
into the model by setting minimum biofuel produati@quirements for ethanol,

cellulosic ethanol, and biodiesel at mandated &\aid by feedstock. Requirements are
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phased in over time until reaching a total of 30dri gallons of biofuels annually in
2022,

The first scenario is henceforth referred to asSRFE CRP is held at 32 million
acres. The second “RFS2 with CRP Recultivationd iglevant sensitivity case in
which CRP lands are allowed to reenter productimonucontract completion. This case
reveals important information about the potentralssures facing conservation lands
under a higher commodity price regime brought oeXyyanded bioenergy efforts. This
study imposes upper bounds on corn ethanol ancesoybiodiesel as in RFS2 but
allows cellulosic feedstocks to comprise a lardpars of the total ethanol portfolio if
economically feasible. Table 7 displays upper awel bounds for important biofuel
types.

Table 7: Biofuel Minimum and Maximum Bounds for FASOMGHG Simulations in
Billion Gallons

Biofuel Type Bound 2000 2010 2015 2020 2025 2030
Total Ethanol Lower 2131 5593 1326 19.71 28.7 28.7
Total Ethanol Upper 2.131 5593 12.83 19.377 26.094 30.16
Cellulosic Ethanol Lower 0 0 0.43 4.71 13.7 13.7
Crop Ethanol Lower 2.131 5593 12.83 15 15 15
Forest Ethanol Lower 0 0 0 0.1 0.1 0.1
Forest Ethanol Upper 0 0 0 0.1 0.1 0.1
Wet Mill Ethanol | Lower 0.309 0.811 0 0 0 0
Wet Mill Ethanol | upper 0.309 0.811 1.31 1.39 1.39 1.39
Total Biodiesel lower 0.01 0.918 0.86 1.323 1.466 1.466
Total Biodiesel upper 0.01 0918 2.168 3.418 4.668 5.918

% To reach a 36 BGY threshold, there are allowafweisnported ethanol, and other “advanced” biofuels
from non-AF biomass.
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For this scenario ethanol production is lockedtiRBS mandated levels beyond
2022 to be consistent with energy demand projestaond current transportation sector
infrastructure (Figure 18)FASOMGHG solves under EISA-RFS baseline conditions
for market clearing levels of production, consuraptifeedstock use, and net GHG
emissions associated with all commodities modelikinvthe U.S. agricultural and
forestry sectors. Meeting the RFS requires theagaificant portion of land resources be
allocated to the production of bioenergy, as sitnaaresults will show. Emphasis on
cellulosic ethanol creates a new market for agiical residues (e.g., corn stover, wheat
straw), and dedicated energy feedstocks such ashgrass and hybrid poplar, giving

producers more marketable alternatives for manattieig land.

Biofuel Production by Scenario
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Figure 18: Biofuel production over time and by sceario
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6.2 Results

The following results tables and discussion arewized such that RFS2 induced
energy output is presented first, followed by adssion of commodity price
projections, exports, producer welfare across so@sngolicy implications for natural
resource use, and implications for GHG emissiomsaher environmental variables.

6.2.1 Net Bioenergy Production by Region

National biofuel production rises under RFS2 maedidevels (Table 8). Energy
output is summarized in billion gallons for ethanald biodiesel, and Tbtu for
bioelectricity. The mandated production of ethamudler the RFS2 is more than twice
AEO 2009 projections. Net ethanol production in2@2sustained at the imposed lower
bound. Biodiesel energy output increases substgnfimore than ten-fold), but this is a
relatively small share relative to ethanol. Bioélegty increases as well under the RFS2
relative to the baseline, due to an increased aiditly of agricultural residues and
dedicated energy crops that compete with celluledianol feedstock requirements.

6.2.2 Commodity Market Implications

Dramatic shifts in U.S. demand for AF feedstoakd averall land use will
impact commodity markets by increasing prices agtd-eturns to crop producers and
lowering U.S. exports. First, consider baselineowdity prices as shown in Table 9.
Generally these decline over time, consistent Wistoric trends. Corn prices drop to an
average of $3.03 by 2050, a level consistent wottm prices for most of this decade.

Other prices display noticeable downward trendaels especially grain commodities.
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This reflects changes in yield productivity andgurotion efficiency over time. The

price of cotton actually increases over time, fteg reduced acreage in the baseline

and lower yield growth potential than other crops.

Table 8: Regional Energy Output from RFS2 Expansio (2025¥°

Ethanol Biodiesel Bioelectricity
(Billion Gallons) (Billion Gallons) (TBTU)
Baseline RFS2 Baseline RFS2 Baseline RFS2
Corn Belt 6.41 7.79 0 0.04 21.99 11.13
Great Plains 3.34 7.55 0 0.15 4.16 4.16
Lake States 3.34 7.55 0 0.48 0 8.75
Northeast 0 0 0 0 19.48 19.48
Pac. Northwest 0.23 0.11 0 0 25.03 15.19
Pac. Southwest 0 0 0 0 17.91 15.62
Rocky Mts. 0 0.04 0 0 10.44 10.44
South Central 0 3.47 0.12 0.66 350.38 436.58
Southeast 0 1.36 0 0 406.23 232.88
Southwest 0.03 2.32 0 0 12.88 212.76
U.S. Total 13.37 27.87 0.12 1.34 868.52 967.01

Table 9: Baseline Projected Prices for Important Agcultural Commodities

2010 2020 2030 2040 2050
Wheat ($/Bushel) 6.42 6.31 6.09 5.88 5.61
Corn ($/Bushel) 3.55 3.46 3.37 3.17 3.03
Cotton ($/Ib) 256.76  264.80 264.42  266.31  275.80
Soybeans ($/Bushel) 9.27 9.14 9.00 8.93 9.13
Sorghum ($/Bushel) 5.73 5.61 5.53 5.45 5.42
Rice 10.08 9.99 9.84 9.79 9.77
Fed Beef ($/100 Ib) 105.13  105.27  103.50 100.93 100.66
Non-fed Beef ($/100 Ib) 66.08 68.44 68.10 66.54 67.41
Hogs ($/100 Ib) 55.92 55.33 54.69 54.01 54.34
Chicken ($/100 Ib) 57.11 56.99 56.43 55.83 55.53

% variable or scenario definitions are found in M@menclature section
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How do these projections compare to observed trendsmmodity prices?
Figure 19 displays historic and projected pricesstveral important agricultural
commodities. Historic price data are plotted in teems from 1964-2009. FASOMGHG
baseline commodity price projections are plotted2f@10 and beyond. Notice that there
is an ostensible downward trend in all projecteshewdity prices, though this effect is
more pronounced for corn and wheat than for livelsttommodities. Other prices
exhibit similar trends in these projections, shapihat under baseline conditions (i.e.,
in the absence of biofuel expansion efforts, atidfiong contemporary estimates of
demand and productivity growth) the agriculturaitee could experience a continuation
of historic trends in commodity markets. Decliniggl commodity prices signal

reduced demand for factor inputs over time, ineigdiroductive land and water

resources.
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Figure 19: Historic and future commaodity price projections from USDA-NASS and
FASOMGHG output
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6.2.2.1 Commodity Price Projections across Scenarios

In general, price impacts are modest for most codities (Table 10). Values
are expressed in per-unit prices and percentagegesdrom baseline. The major grain
commodities (corn, soybeans, and wheat) experiexiagvely small price increases
over time. Corn prices deviate less than 7% froselae levels, though this effect is
even smaller in later years. Wheat prices alsovdhite movement (~3% or less).
Soybean prices move significantly, rising more th@f6 from baseline levels
throughout the projection period as a high proportf soybean production is needed to
meet the RFS2 mandates. Livestock prices alspwisie non-fed beef prices rising
more sharply than fed beef (as some grazing laral&e o other uses).

To put these prices into policy context, consitier Searchinger et al., 2008
study that assessed the international leakagedatjns of U.S. ethanol expansion.
That study considered a case in which ethanol mptomluincreases 14.5 billion gallons
above baseline levels by 2016 (primarily from cetimanol). Results indicated that such
a shift would result in average price increase$08b, 20%, and 17% for corn, soybeans,
and wheat, respectively. These estimates are nowedr] as this study models the RFS2
explicitly, and simulates a much higher proportidrcellulosic ethanol than Searchinger
et al. 2008; cellulosic feedstocks rarely compatectly with food and fiber. Also, a
greater number of cropping alternatives in FASOMG&IBws for more flexibility in
cropland allocation (for instance, corn productiam be extended to lands currently
used for producing rice, cotton, etc.). Alternatimedeling assumptions and the

difference in dynamic and static equilibrium modglalso contribute to this difference
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(further discussion below). Finally, as resultsj@cb substantial cropland expansion
under the RFS2 regime, which alleviates prices ohpancerns to an extent.

Thus, results of this study indicate that pastysed might have overstated the
price impacts of bioenergy by not fully represegtihe dynamics of land use and
agricultural investment decisions, cropland expamgiossibilities, advanced biofuels, or

flexible crop mix strategies.

Table 10: Commodity Price Projections and PercentagChange from Baseline
under the RFS#°

2010 2020 2030 2040 20950

Wheat ($/Bushel) 6.52 6.55 6.29 5.95 5.76
1.48% 3.81% 3.36% 1.08% 2.57%

Corn ($/Bushel) 3.66 3.69 3.46 3.23 3.08
3.07% 6.74% 2.70% 1.86% 1.72%

Cotton ($/Ib) 258.73 271.10 276.96 278.53 278.53
0.77% 2.38% 4.74% 4.59% 0.99%

Soybeans ($/Bushel) 9.58 9.73 9.69 9.53 9.35
3.34% 6.45% 7.70% 6.74% 2.35%

Sorghum ($/Bushel) 6.16 6.57 6.42 6.27 6.24
7.54% 17.07% 16.15% 15.04% 15.03%

Rice 10.09 10.02 10.03 9.89 9.85
0.11% 0.28% 1.94% 1.01% 0.76%

Fed Beef ($/100 Ib) 106.26 108.31 106.26 103.54 101.87
1.07% 2.88% 2.67% 2.59% 1.21%

Non-fed Beef ($/100 Ib) 66.36 70.41 69.48 68.66 68.42
0.43% 2.89% 2.02% 3.18% 1.50%

Hogs ($/100 Ib) 56.67 57.01 55.96 55.02 55.06
1.33% 3.04% 2.32% 1.87% 1.33%

Chicken ($/100 Ib) 57.63 57.64 57.10 56.30 55.77
-0.10% -1.18% -1.88% -2.04% -3.40%

% variable or scenario definitions are found in M@menclature section
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Table 11 displays indexed deviations from baseimr@modity prices. Here,
prices of agricultural commodities are bundled iortop and livestock categories using
an index number (AEO 2009 = 100). | focus on nooHpy livestock prices, which are
most sensitive to changes in land use (particulgalsture), and the price of feed grains.
Crop commodity prices are impacted more heavilyhgyimplementation of the RFS2
than livestock as land is re-allocated to the petida of biofuel feedstocks. Price
differentials are greatest in later years of timeusation period, due primarily to the
significant decline in prices prevalent in the Biage Livestock prices remain higher
than baseline projections due to reductions inlerappasture acreage, and higher costs
of feed and an accompanying reduction in product@hen CRP lands are allowed to
re-enter production, crop and livestock price @ffere smaller, dropping an average of
1.67% and 0.70%, respectively, below the constth{DRP case.

Table 11: Commodity Price Indices across Biofuel Bpansion Scenarios (Baseline
Price = 100§’

2010 2020 2030 2040 2050

RFS2 Base All Crops 102.70 105.25 10291 11144 119.71
RFS2 with CRP All Crops 102.41 103.58 100.82 108.99 117.88
RFS2 Base Grain Crops 102.91 105.42 103.19 111.21 11855

RFS2 with CRP Grain Crops 102.56 103.60 100.85 108.71 116.66
Livestock no

RFS2 Base Poultry 101.06 102.29 101.19 102.20 105.51
Livestock no

RFS2 with CRP Poultry 100.80 101.16 100.61 101.93 104.26
Processed

RFS2 Base Commodities 101.78 104.63 100.41 110.68 120.54
Processed

RFS2 with CRP  Commodities  101.63  103.68 99.33 109.78 120.21

27 variable or scenario definitions are found in M@menclature section
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6.2.2.2 Net Producer Welfare Implications of the RFS2

Higher prices and production levels induced byRI2 lead to economic
welfare gains for crop producers. Figure 20 displagional producer surplus shifts
across the RFS2 scenarios. Crop producer weltrns gre positive across all major
agri-forestry regions, though vary significanthhelCorn Belt, Great Plains, and Lake
States see the highest net gains under the RF82thei Corn Belt realizing gains
ranging $4.6-$5.3 billion annually. Other regioeg ®nly marginal changes in producer

welfare.

Notice that for all regions, crop producer welfdexlines when CRP reversion is
included. While this might seem counter-intuitiveraore acres are in production and a
constraint on land is being relaxed, higher renitsgoadditional land into production,
which relaxes equilibrium commodity prices and losvihe rents. FAOSMGHG
maximizes the sum of all welfare accounts, inclgdiomestic and foreign producer and
consumer welfare. Additional cropland under the CRRrsion case reduces output
prices and producer welfare, but consumer gairtkiged consumer losses relative to the

no reversion case) lead to a net increase in\wHare.

Figure 21 displays deviations from baseline livektproducer welfare. Notice
that for most regions, livestock producers expegea net loss in welfare, though the
scale of these losses is much less than the gages/ed by crop producers. Welfare
losses are due to higher feed costs and lossesstarg acreage (discussed in the next
section). The implication is that livestock prodigcmay not be able to pass through the

higher costs of production onto consumers, anddcexperience sustained losses in net
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income relative to business as usual conditions? @Rersion lowers commodity prices

and welfare losses to livestock producers.

]
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Figure 20: Crop producers' surplus changes from basacross the RFS2 scenarios
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Figure 21: Livestock producers' surplus changes fnm base across the RFS2
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2 \/ariable or scenario definitions are found in N@menclature section
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As the previous section has shown, a projecticagoicultural production
characteristics under the RFS2 and recent markelittons can sustain higher
commodity prices (undoubtedly affecting export nediskin the long run), and raise U.S.
cropland rents over time. The following sectionatethese market factors to natural
resource use, GHG emissions, and implicationsrgirenmental quality.

6.2.2.3 Total Welfare Implications of the RFS2

Total U.S. producer welfare is measured as theawrop producer gains,
livestock producer losses, and welfare gains tagssors of secondary agricultural
products (Figure 22). While not previously displdyprocessors see substantial gains
under the RFS2 (approximately $10.5 billion) frdme sale of liquid biofuefé. Total
producer welfare gains are found to be in exceg26fbillion per year. However,
welfare gains to producers are accompanied bydasseonsumers due to higher
commodity prices (ranging $3.3-5 billion). Total3Jwelfare gains of approximately
$18 billion. While substantial, more than 50% ofgh welfare gains are directly
attributed to biofuels revenue, the rest is duligher commodity prices received by

producers.

29 Note that while processors consume primary agdticall commodities, FASOMGHG models processor
welfare on the producer surplus side of the objedtinction.
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Figure 22: Total U.S. agricultural welfare changesrom base (annuity)*

6.2.2.4 Implications for Exports

The RFS2 will reach beyond U.S. markets, affectmgrnational agricultural
trade and production in the rest of the world. GdersU.S. agricultural exports, and
estimated percentage change from base for sewepalriant agricultural commodities
(Table 12). Most exports displayed here decreaseesubstantially. For instance,
soybean exports decrease 28-30% from base legels,Sa soybeans are needed to
satisfy RFS2 biodiesel mandates. Corn and wheabtcrease significantly, due in
part to U.S. cropland expansion. Other crops netldisr bioenergy processing
experience significant indirect export changesrap mixes adjust to the RFS2

(including cotton, sorghum, and rice).

30 variable or scenario definitions are found in N@menclature section
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Table 12: U.S. Export Changes across RFS2 Scenarid®ercent Difference from
Baseline Annuity)™*

RFS2 RFS2 with CRP
Corn -3.75% -2.00%
Soybeans -30.10% -28.23%
Wheat -1.15% 0.69%
Cotton -9.39% -8.81%
Sorghum -28.38% -24.82%
Rice -9.46% -9.58%
Non Fed Beef -1.27% -0.32%
Pork -0.62% 0.01%
Chicken -0.14% -0.05%

Higher commodity prices and lower U.S. export Is\@imulate export activities
in other regions internationally, which can indlaed use change. Figure 23 displays
export index values from the base period (200@s@nted in annuity terms. These
values express expected changes in export lewetsountry of origin, from a historic
base. Notice that in the baseline, most regiong®gpected to increase their exports over
time, implying higher production levels and potafiyi cropland use (China and India
are the two exceptions). However, forecasted espodrease across the RFS2 scenarios
in regions presented here relative to the baséliffele some of these deviations are
small, other regions see significantly increasqubets, including large shifts in
Argentina and Brazil (6-11%), where indirect lareichange in response to U.S.

policies is a concern.

31variable or scenario definitions are found in M@menclature section
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Figure 23: Export increase by international regionand scenario (2000 level = 100)

6.2.3 Land Use Implications

The RFS2 driven biofuel expansion requires a $hifrop production patterns
and mixes as well as the entry of additional lartd production as detailed here.

6.2.3.1 Baseline Land Use Trajectories

In the baseline, with no RFS2 mandates, and no eRétsion, results show a
net decrease in total cropland and forested asmestione. Simply put, yield
productivity growth outpaces demand growth in 8tenario, causing reduced demand
for cropland.. In addition, exogenous urban devalept takes cropland, grazing lands,
and timberland out of production. As Figure 24pthys, both cropland and forested

land area declines significantly in the baseline2050, cropland declines approximately
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33 million acres from the base (2000) period, agidy 10-12% of the current cropland
base. More than 19 million acres is transferredeteelopment (cumulative), with the
rest being set aside or transferred to pastureresf. Private timberland decreases
approximately 30.5 million acres mostly due to depment losses (34 million acres),

though some land transfers into forest from otls&su
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Figure 24: Crop and forest land use trajectories uder AEO 2009 baseline
conditions®

6.2.3.2 Land Use across the RFS2 Scenarios

Figure 25 expresses cropland and forest stoclks@nnuity basis for the AEO
2009 Baseline, RFS2 and RFS2 with CRP reversiomesizes, respectivef§. Compared

to baseline levels, forest use increases only mallgibetween the AEO 2009 baseline

32 v/ariable or scenario definitions are found in N@menclature section

% Many of the results presented in the remaindé¢hisfdissertation will be presented in annuitiesrahe
simulation time horizon (2010-2080). Since the amaif output data analyzed is so expansive, | psa
the time element where appropriate and presentdigndata in annuity form. Annuities are formedngsi
the net present of output variables, be they mopetaphysical, calculated using a 4% real discoatsd.
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and RFS2 scenarios (approximately 2 million acra$ibuted to cellulosic ethanol and
bioelectricity feedstock demand. There is no digitee change in forest use between the
CRP 32 million acres and reversion allowed scesdtimough land use change
trajectories are affected). However, total croplasd increases considerably under the
elevated bioenergy mandates (approximately 14.bomicres). The RFS2 stimulates
commodity demand and pushes agricultural landecettiensive margin, while also
retaining cropland that would otherwise be idledransferred out of crop production.

Allowing CRP reversion adds an additional 3.9 railliacres to the cropland stock on an

annuity basis.
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Figure 25: Cropland and forest stocks across bioengy scenarios (million acre
annuity)>*

34 variable or scenario definitions are found in N@menclature section
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Land use trends change temporally as well. Thediffce in cropland and forest
stocks over time is plotted in Figure 26. Totalpdand use is substantially higher under
the RFS2 scenarios than in the baseline. Beyon@,20& see a difference of
approximately 40 million acres in cropland aboveddae levels. Forest use stays
relatively the same across all three scenariostheutransition of lands into and out of
forestry is altered by the influence of the RFSahdwes (discussed below). Total
cropland use grows at an increasing rate when @Ré&rsion is allowed, and stays

consistently higher for the length of the simulatio
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Figure 26: Crop and forest land use trajectories aoss biofuel expansion
scenariog®

6.2.3.3 Land Use Change across Scenarios

In general, land-use allocation between alternaises (cropland, forest, pasture,
and conservation) is significantly affected by RIES2 mandates (Table 13). Several

observations arise from these data:

%5 variable or scenario definitions are found in M@menclature section
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Deforestation to cropland (which exist in the bemglincreases with the RFS2,
reflecting greater potential returns to crop prdaucthan in timber in some
regions, consistent with LUC concerns echoed iditemture. By 2020,
Cumulative simulated cropland deforestation inaesak 77 million acres under
the influence of the RFS2.

There is little difference in deforestation for ptand rates by 2020 between the
“with” and “without” CRP reversion cases. This mntrary to the hypothesis that
greater use of marginal or idled cropland will rederopland expansion, and is
indeed contrary to past simulations using the FASIMNG model (Baker et al.,
2008). The main difference between these simulatand those in past settings
is the influence of cropland pasture transition<C&P reversion rates (as
moving land from cropland pasture to cropland ieveer cost land use shift in
some FASOMGHG regions than CRP to cropland), aifeaif the model that
has been enhanced since the earlier simulations.

The major differences in cropland deforestationuodc early periods of the
simulation, which is consistent with the time frameavhich the RFS2 drives the
demand for agricultural feedstocks (2010-2020).

Transition of lands from crop to forests (afforéista), which also exists in the
baseline, decreases across the RFS2 scenarios.

The largest shifts into dedicated crop productiome from pastureland
conversion and CRP re-cultivation. Pasture conears quite large in early

years under the RFS2 scenario, exceeding baselmeéslby 6.7 and 9.1 million
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acres for 2020 and 2050, respectively. When CRicladed, this conversion
decreases only slightly (0.7 and 0.9 million acres)

There is a negligible amount of CRP reversion aliaseline where we allow
CRP reversion up to the point of the Farm Bill 268&et of 32 million acres
constant in the RFS2 scenario, though the baskégas with 37.2 million acres
of CRP (leaving more than 5 million for recultivati purposes). This supply is
exhausted in the RFS2 case (based on 2004 levElRBfacreage). This
movement is very consistent with the rates of ckang've observed in CRP
enrollment over the last three years, as enrollrhastdeclined substantially
(FSA, 2009).

When we allow optimal CRP reversion under the Rk&2see approximately
11.5 million acres reverting, or 34.2% of the catr€RP stock, a significant
shift away from conservation priorities. Loss @il €arbon and other
environmental benefits (biodiversity and wildlifalhiitat protection, soil erosion
protection, etc.) are likely accompanied by sushiét. This result shows that
holding CRP rental payments at historic levels wit maintain conservation
lands under higher commodity price regimes stinedldty the RFS2 (data show
that rental payments for general CRP sign-up has&ined steady since 2001,
while comparable cropland rents have increasediigfea

The largest land-use shift in the baseline rugmsure afforestation, or 1) pure
afforestation from cropland pasture, and 2) a mamant shift out of grazed

forest pasture into permanent timber managementinfseriand decreases
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under the RFS2, a large portion of pasture shifes to fill this void. This effect

is enhanced by the RFS2 in later years of the sition, as pasture moves to

forest to replace timberland lost to crop produtiioearlier periods.

Table 13: Land Use Change by Category (Million Acrs)*®

AEO 2009 Baseline RFS2 RFS2 with CRP
2020 2050 2020 2050 2020 2050
Forest to
Cropland 15.42 22.46 16.29 25.42 15.88 24.69
5.61% 13.16% 2.99% 9.93%
Cropland to
Forest 1.90 2.99 1.84 1.84 1.82 2.04
-2.77% -38.29%| -3.92% -31.60%
Forest to
Pasture 0.80 2.97 0.78 3.26 0.78 3.26
-3.07% 9.68%| -3.07% 9.65%
Pasture to
Forest 24.54 29.14 29.79 35.84 29.45 35.63
21.38% 22.98%| 20.02% 22.26%
Pasture to
Cropland 9.76 9.76 9.76 10.95 9.76 10.57
0.00% 12.16% 0.00% 8.33%
CRP to
Cropland 3.65 3.65 5.32 5.32 11.62 11.62
45.84%  45.84%| 218.63% 218.63%

6.2.3.3.1 Comparison with Other Studies

In general, most studies of LUC and bioenergy Hseen performed using global
economic models to simulate LUC in internationglioas (Dumortier et al., 2009;

Hertel et al., 2009; Searchinger et al., 2008)e itea is that cropland expansion is

%8 variable or scenario definitions are found in M@menclature section
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expected to occur at higher rates in developingnsatwhere land is essentially more
“mobile”. The bulk of this expansion is expectedriopical regions such as those found
in Brazil, or in productive grasslands such asAhgentine Pampas. FASOMGHG
results indicate that there is significant croplaxgansion potential within the U.S.
Different modeling approaches and baseline assomgptand input data all factor into

final estimates of LU/LUC over time.

As a relevant comparison study, consider KeeneyHartel, 2009, which
measures land use responses globally to increastetbproduction in the U.S.
(specifically ethanol) using a computable genegalildorium model of global trade. For
every billion gallon increase in ethanol productithrey find a 0.1 percent increase in the
demand for U.S. cropland. This is accompanied duetons in forests and pasture at
0.35% and 0.53%, respectively. Their approach assatic computable general
equilibrium model that relies on Allen-Uzawa elasies of substitution between factor
inputs (i.e., land use types) to simulate landagsapetition and LUC responses to
increased U.S. biofuel production. This is diffardom the dynamic FASOMGHG
approach that weighs the expected returns to aliemland uses over time, contingent

on biophysical parameters that constrain total laseltransferability by region.

Comparing land use totals and total ethanol output FASOMGHG results
similar land use responses are found for pastem, little response in total forest use,
but a much greater affect in the demand for crapldiotal cropland differences in 2025
are 9.3 and 15.1 million acres, respectively fer @S2 and RFS2 with CRP cases

(Table 14). For every one billion gallon increasethanol demand in 2025, results
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show a 0.20% and 0.32% increase in total cropldreéd times the expansion rate of
Keeney and Hertel, 2009). Contrary to Keeney anddHet al., forest use increases, but
only marginally so (0.08% per billion gallons etb§nl find a much stronger reduction
in the demand for pasture resulting from a onedoilallon increase in ethanol. Thus,
FASOMGHG shows stronger cropland expansion andipasbntraction effects in the
U.S. than Hertel et al. 2009, though one might ardpat a lack of significant land use
movement in the U.S. in a global modeling efforspecifically due to the global land

use coverage. This has implications for commodigykats and international leakage, as

subsequent sections will discuss.

Table 14: Land Use Responses to U.S. Ethanol Expams (FASOMGHG
Estimates)

Cropland Forest Pasture
Ethanol (million (million (million
(bay) acres) acres) acres)
Absolute Difference by 2025
(RFS2 Base) 15.59 9.27 4.35 -11.95
Absolute Difference by 2025
(RFS2 with CRP) 15.59 15.10 4.40 -55.41
Percent change per 1 billion
gallon (RFS2 Base) n/a 0.20% 0.08% -1.15%
Percent change per 1 billion
gallon (RFS2 with CRP) n/a 0.32% 0.08% -1.10%

6.2.3.3.2 Commodity Production Implications of Land Use Ras®s

Land use affects total cropland stocks by major. 0t8p (Table 15), and

livestock production practices. Results here aesgmted in annuities, by million acres
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(for simplicity, land use totals are converted nmaity to collapse the time element and
allow for a simple comparable measure of land tseks).

*» The RFS2 scenarios cause U.S. corn acreage t@asechy more than 3 million
acres.

* Wheat acreage actually declines by 0.5-1.5 milliores as crop mix strategies
adjust to the biofuel expansion policy. In addittbere is crop residue harvesting
for cellulosic ethanol production.

» Across the RFS2 scenarios, approximately 13-14anithcres of corn and 15-16
million acres of wheat include residue harvestiogenergy production. One
should note that residue harvesting could undermiher environmental
objectives such as boosting soil carbon sequestrétrough changing tillage
practices. Removing residues from a field redubegate at which soil carbon
accumulates over time. Research has shown thatsetesidue harvesting can
also degrade water quality by enhancing erosionnamident leaching (Mann et
al., 2002). As the next chapter will discuss, ékiestence of the RFS2, can
augment AF GHG mitigation potential by limiting tan practices that conflict
with RFS2 demands.

* The greatest net change in cropped acres is sesmyleans, which increases
7.5-8.6 million acres from baseline to RFS2 cowndi$i due to the large land
requirements needed to produce soybean biodiegainAwhile soybean

biodiesel is a relatively minor portion of the RF®#al, the
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» Cotton acreage decreases slightly, and rice acageases appreciably. While
this reduction in rice acreage is small in absoletems, global rice markets have
shown to be very sensitive to acreage totals aod-s&rm reductions in supply
(Trostle, 2008).

* Switchgrass, a dedicated energy crop, is grownppnoximately 5 million acres
of cropland under the RFS2, a ten-fold increaseralbaseline levels. All

dedicated energy crop acreage occurs in the South&.

Table 15: U.S. Land Use by Crop and Scenario (Milin Acres Annuity)*’

AEO 2009
Baseline RFS2 RFS2 with CRP
Corn 69.39 72.46 72.92
4.42% 5.08%
Soybeans 66.34 73.83 74.95
11.30% 12.97%
Wheat 64.32 62.94 63.80
-2.15% -0.81%
Cotton 11.58 11.22 11.21
-3.10% -3.18%
Sorghum 9.93 11.33 11.54
14.04% 16.14%
Rice 3.13 2.88 2.88
-7.98% -8.06%
Switchgrass 0.59 5.13 5.21
773.45% 786.72%

Shifts in land use and crop production driven by RFS2 affect the U.S.
livestock industry as well. As conventional feedigs are used for biofuel processing,

the price of feed rises accordingly, inducing distimanagement shifts in livestock, and

37Variable or scenario definitions are found in M@menclature section
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lowering herd size. Table 16 displays changesvestiock production. Results indicate
that poultry, eggs, and dairy production will dexge only marginally due to higher feed
costs. However, cattle production is significargffected. Total herd size (denoted by
the Cow/Calf row entry) drops approximately 10%advebaseline levels, with stocker

cattle decreasing the most, indicating a shift afway pasture grazing.

Table 16: Livestock Changes from Base in Absolutd fiousand Head) and
Percentage Terms®

RFS2 RFS2 with  RFS2 with
RFS2 (% Diff) CRP CRP (% Diff)

Sheep 104 2.16% 127 2.63%
Total Cow/Calf -1,108 -2.77% -821 -2.05%
Feedlot Yearlings -2,690 -18.49% -3,322 -22.84%
Feedlot Calves 1,879 7.25% 2,621 10.11%
Dairy -56 -0.88% -31 -0.48%
Farrow Hog 3,127 24.94% 3,097 24.71%
Feeder Pig -217 -3.60% -156 -2.58%
Pig Finishing -4,490 -3.86% -3,284 -2.82%
Horses and Mules -62 -1.02% -35 -0.58%
Steer Calf (Stocker) -1,286 -10.12% -1,803 -14.19%
Heifer Calf (Stocker) -1,565 -56.72% -1,560 -56.55%
Steer Yearling

(Stocker) -1,329 -9.70% -1,866 -13.62%
Heifer Yearling

(Stocker) -1,630 -55.79% -1,625 -55.63%
Turkey 2,936 1.44% 2,855 1.40%
Broiler -21,961 -0.29% -10,438 -0.14%
Egg -1,561 -0.48% -418 -0.13%

Optimal feed portfolios also change under the REF®g@ure 27) as corn is

allocated for ethanol production. In total, cord fe beef cattle, dairy cattle, and hogs

38 variable or scenario definitions are found in M@menclature section
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decreases by approximately 350 million bushelgihglto explain the dramatic
reduction in total herd size and livestock produgelfare across the RFS2 scenarios.
However, some of this loss is supplemented by asad barley, silage, and hay feeds.

Additionally, DDG from corn fractionation and uskghuten meal are stimulated by the

RFS2.
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Figure 27: Change in feed use from base by commouyit

6.2.3.3.3 Regional Land Use: Indirect Policy Consequences

Cropland expansion responses to the RFS2 scenarpsvidely by region.

39 variable or scenario definitions are found in N@menclature section
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Table 17 expresses regional cropland use projecfoross scenarios on an annuity
basis. Most regions see an increase in croplandlirgegreatest acreage increase occurs
in the Lake States and Southwest regions, whereahenopland use is projected to
increase 4-5 million acres, representing approxemgdt7.5% and 11.5% shifts in
cropland, respectively. This includes an increasenitchgrass acreage in the Southwest
(~3.5 million acres), and use of additional cropl&or grain production to satisfy the

void left in conventional commodity markets as fqodducts are used for fuel
processing in the Corn Belt and Great Plains regigitso, | find reductions in crop
acreage in the baseline (especially in the Southregson), as this is less productive

land than the Corn Belt and Lake States; whild&igenergy prices and low crop prices

drive some of this out of production in the baselibut the RFS2 brings it back in.

Other large deviations from the baseline in the RE&e occur in the Corn Belt,
Lake States, Southeast, and South Central. Whenr@r¥psion is allowed, an
additional 2-3 million acres re-enter productiorthie Great Plains. Additionally, as
more productive CRP lands revert in the Corn Betgat Plains, and Lake States, there

is a smaller amount of cropland used in less prideicegions like the Southwest.

All regions experience shifts in overall croplargewand net gains in biofuel
output. Given that the RFS2 is a national baseityabne cannot call regional cropland
expansion effects leakage. However, as the majofignergy production is
concentrated in a few regions, and cropland exparsifect is prevalent in most, there

are indirect market responses (i.e., land use @sragcurring in regions with little
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energy production potential. This can cause in@@&HG net emissions from

agricultural practices in those regions.

Table 17: Regional Cropland Use and Percent Differece from Base across Biofuel
Scenarios (Million Acres, 2025Y

AEO 2009
Baseline RFS2 RFS2 with CRP
Corn Belt 79.37 81.26 81.72
2.38% 2.96%
Great Plains 76.02 75.29 78.84
-0.96% 3.72%
Lake States 29.41 34.45 34.60
17.15% 17.67%
Northeast 4.85 6.40 5.76
31.92% 18.72%
Rocky Mts. 25.26 24.88 25.32
-1.49% 0.24%
Pac. Southwest 3.79 3.79 3.79
0.00% 0.00%
Pac. Northwest 5.85 5.85 5.84
0.02% -0.04%
South Central 35.80 36.94 37.20
3.17% 3.89%
Southeast 12.84 14.30 14.34
11.35% 11.65%
Southwest 22.99 27.65 27.21
20.28% 18.36%

6.2.3.4 Baseline Emissions across AF Sectors

Baseline emissions across all AF activities, esped in decadal averages out to
2050 are in Figure 28. Here, positive values indi@anet source of emissions and

negative values a net sink. The results show:

40variable or scenario definitions are found in M@menclature section
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Forest management decisions account for a largesafl emissions throughout the
time horizon (206 million tCge per year), but are significantly higher in early
periods of the simulation as land moves out ofgbneto crop production. This
includes carbon uptake from existing/reforesteddgaemissions from
deforestation, forest fuel use, harvesting timbaad transporting/processing final
products.

Carbon stored in final wood products over the ltargn completely offsets the
emissions from land management activities (-25%anitCO,e in the baseline).
Carbon stored in afforested stands converting fcavpland or pasture is also
counted, and provides a significant sink in theebas (-72 million tCQe). Taken
together, forest product and afforestation seqatstr, plus emissions from forest
management produce a net annual sink of 125 mil(@ye.

Agricultural methane (CkJ accounts for an average of 194.3 million t€Q@er year.
This includes emissions from rice cultivation, kteck manure management, and
enteric fermentation. Crop soil C sequestratiovaisable, reflecting soil carbon
dynamics, differences in tillage practices, land asanges into and out of crop
production, and changes in overall crop mix stigggver time.

Nitrous oxide (NO) emissions amount to ~150 million tgper year across the
projected period, which is less than EPA GHG Inggnestimates of ~200 million
tCOye per year (EPA, 2009).

* N0 emissions include those from fertilizer use (ifion tCO.e), indirect

N20 emissions from soil volatilization or N leachji\,O emissions from
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pasture use (~29 million tG®), and NO fluxes from bioenergy and manure
management activities.
* CO, emissions from agricultural energy input use, \wraccount for an average of
68.4 million tCQe™.
» Carbon is sequestered in cropped soils at a rat@.@fmillion tCQe
* In all the model projects a total annualized sowfcemissions from AF activities of

~176 million tCQe (in annuity terms).
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Figure 28: Baseline emissions flux (decadal averag)&

“L It is worth noting that in other accounting systefossil fuel use emissions in AF would be accednt
for in “upstream” capped entities such as energyiadustry. | include these here for purposes of
illustration, and later to show how policy inducgdfts in input use can alter net AF emissions.

42 v/ariable or scenario definitions are found in M@menclature section
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6.2.3.5 GHG Implications of Biofuel Expansion

To examine the impact of the RFS2 on net GHG aomssFigure 29 includes a
side-by-side comparison of the total annualizedssmns flux. The bottom portion of
the figure takes an annualized difference from lr@séor each of the major GHG
accounts. The annualized emissions flux is quitelar across these scenarios, with the
major difference coming in the liquid biofuel offsmtegory®. The RFS2, which
produces a high volume of low-carbon cellulosiaethl, produces a much larger offset
of fossil fuel equivalent GHGs than the baseline imd a 75.5 million tCO2e
difference in this account alone). Net emissionsift).S. AF decrease across the RFS2
scenarios at a rate consistent with biofuel emissreduction from fossil fuel
replacement (80.9 million tC@ per year without CRP, and 81.2 million tCO2e with

CRP).

This is an important result, indicating that in@ed emissions from land use
change, increased fossil fuel use and N applicatsenresulting from the RFS2 do not
produce a source of emissions large enough to uiitbhe GHG benefits of biofuel
production (ignoring emissions from land use chara®d production in international

regions).

Specifically, we find increases in:

* N20O emissions from N application (6.8-7.8 milliddQe per year),

3 The liquid biofuels account includes emissionsei from biofuel replacement of fossil fuels alfifer
cycle emissions of biofuels from cultivation, hastdransportation, processing, and combustion are
accounted for.
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» CO2 emissions from fossil fuel use (2.7-3.4 milli@0O,e per year), and
* Areduction in soil carbon sequestration, due tallase changes that reduce soil

organic carbon stocks (16.7-18.1 million té&&(er year).

However, these emissions are completely offsetibféls (~75 million tCQe
per year), and other sources emissions reductictyding:
* Increased carbon sequestration through afforestamo forest management
activities (21-25.6 million tCee per year).
» Reduction in methane emissions caused by a sHifteaatock management
practices and reduced herd size (~9.5 million #&)O
If only agricultural GHG accounts are consideredréased emissions from
agricultural activities discount the GHG benefitbmfuels by 20-25% (with higher
leakage when CRP reversion is allowed). Howevegmorestry accounts are included,
there is no net GHG leakage. This contradicts reeeidence that net N20O emissions
from increased nitrogen application under an RFEg@me alone would outweigh the net
gains from biofuel expansion (Crutzen et al., 20@3)viously, these estimates do not
include emissions from international LUC, or otkarironmental impacts of significant

cropland expansion and agricultural input use.
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6.2.4 Management Intensity and Water Resource Implication

RFS2 implications for water use and managemenmsitieare also important.
Here | show national and regional deviations fraasddine in the use of important

energy intensive inputs, both on an annualizedeggge basis, and per-acre.
6.2.4.1 National Water Use

As previous chapters have discussed, use of frashfea irrigated agricultural
is expected to increase significantly under expdraefuel production. Results of this
analysis show the following response in water use:

» Total water use, displayed by Figure 30, increasasyinally across the RFS2
scenarios by approximately 0.6 million acre-feemorannuity basis- roughly a
1% increas®.

* While total cropland increases ~14 million acresually, projected irrigated
acreage only expands 0.31-0.34 million acres, @0ntrease in irrigated
production.

* However, this is not an insignificant amount of &ranh terms of alternative uses.
This amounts to an additional 0.54 billion gallgres day withdrawn for

irrigation purposes. The American Water Works Agstian reports that average

5 Keep in mind that FASOMGHG water use totals doquhpletely depict water withdrawals from U.S.
agriculture. USGS reports much higher water usdsaut of the sector. This difference is prevafen
two main reasons. First, FASOMGHG does not modelraber of crops that rely heavily on irrigation,
including peanuts, some vegetables and fruits,avtsh and vineyard crops that comprise a smalksbfar
the land base but a very large share of waterrudeeiWest Coast, Southwest, and Southeastern U.S.
Also, our per-acre water use factors are basedgritéltural Resource Management Survey data, in
which farmers possibly under-report water applaratiates. Further development is under way to
reconcile these differences.
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water use per household per year amounts to appadeiy 127,400 gallons.
Thus, putting the RFS2-driven increased irrigatanden of 0.54 billion gallons
per day into the context of municipal use, this ante to enough water to satisfy
the municipal demands of 1.5 million householdsuatly (roughly 6 million
people). A secondary implication of this resulthat the RFS2 will increase
competition for scarce water supplies, raise th@odpinity costs of agriculture-
to-urban water transfers, and could alter long-teser planning strategies.
Thus, while the extent of this flux is small relagito the entire share of irrigation
water consumed by the agricultural sector, voluroaity, this represents a very
high share of water consumed for other purposes.

*  When CRP reversion is allowed, there is no distéergshange in total water use.
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Figure 30: Projected agricultural water use (million acre-feet, 2025y

46 variable or scenario definitions are found in M@menclature section
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6.2.4.2 Regional Water Use: More Indirect Consequences

The spatial distribution of additional water ussamnerits attention. Table 18

displays regional deviations in water use in anized million acre-feet. Net water use

increases in all regions, though the extent vamegly by region.

The largest percentage changes in water use attiie iSouthwest, Northeast,
and Corn Belt, though the latter two representsrg small change in absolute
terms. The Great Plains and Southwest regions,hwkinotable because land
there is either water scarce or predominatelyated by groundwater. This adds
to concerns of over-exploitation of the aquifer imgvforward. This is consistent
with recent concerns that the sustainable manageofd¢me Ogallala could be
undermined long-term by biofuel expansions incagifEnvironmental Defense,
2008).
Some regions experience a net decrease in totat wa¢ under the RFS2,
including the South Central, which consumes appnaxely 1 million acre-feet
of water less under the RFS2 due to shifting cromem
o If this reduction were not counted, the total waiesponse would be
more significant (~1.6 million additional acre-fesmnsumed),
0 Additionally, cropland shifts in the South Centiradirectly stimulate
irrigation intensity in other regions. Some irrigdtcotton and rice in the
South Central is replaced with dryland grain andickted bioenergy
feedstock production, indirectly stimulating protdan of rice and cotton

in the Southwest.
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» Deviations in water use are smaller in some regwmsn CRP reversion is
allowed since land and water can be substitutabilecreasing production,
reflecting a tradeoff on the intensive and extemshargins. As additional
cropland comes into production, this relaxes mamege intensity and the
demand for irrigation water. That is, additionedland production can adjust

the demand for irrigated production, and reduceemase in some regions.

Table 18: Difference in Regional Water Use (MillionAcre-feet Annuity and Percent
Difference from Basej’

RFS2 RFS2 with CRP

Absolute Diff. % Diff Absolute Diff. % Diff
Corn Belt 0.03 9.14% 0.03 9.25%
Great Plains 0.66 5.39% 0.72 5.88%
Lake States 0.00 -0.76% 0.01 1.90%
Northeast 0.02 33.58% 0.01 20.94%
Pac. Northwest 0.03 1.71% -0.01 -0.74%
Pac. Southwest 0.07 0.99% 0.08 1.13%
Rocky Mts. 0.11 0.49% 0.12 0.56%
South Central -0.97 -14.02% -0.98 -14.12%
Southeast 0.03 2.74% 0.04 2.96%
Southwest 0.62 9.54% 0.59 9.15%

There are important social trade-offs to consideemrenewable energy
mandates significantly boost overall water consuempfor irrigation purposes. The full
magnitude of this effect may not be alarming aatiomal level, but the regional
distribution of increased irrigation relative teetbaseline is perhaps more troubling,

consistent with those in Berndes, 2002. Socialgainncreased renewable energy

47 Variable or scenario definitions are found in M@menclature section
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supplies should be carefully weighed with localevaksource management goals to
ensure long-term viability of valuable freshwatepglies.

6.2.4.3 Other Management Intensification Responses

Table 19 displays percentage changes in impontgitiuse by major production
region for the RFS2 and RFS2 with CRP recultivatiases, respectively. This value
serves as a rough estimate of the aggregate ifitatisin effect of production by major
AF region. In general, results show that managenméensification effects vary by input
and are not consistent across regions. Changespmuix compositions driven by
biofuel expansion can significantly alter nutrieise and agricultural energy use

portfolios. Important observations include:

» Total input use increases for every input considiéesxcept natural gas—a
common input used to fuel irrigation systems) aatonal level, driven by
aggregate cropland expansion.

* Nutrient use expands significantly (especiallyXbirogen fertilizer applied).
Phosphorous and potassium application also incmassantially under the
altered crop mix portfolio (potassium use expandsenthan 14% from base).

* The largest volumetric gains in N use occur in$loathwest regions, which is
also the highest percentage increase at more thtdn 5

* Nutrient use in the Corn Belt and Great Plainsaféect water quality
downstream or groundwater systems through runaffrainate leaching. Here, |
find that N use increases by approximately 4% utitieRFS2.

* Fossil fuel use does not increase consistentlysaam@gions.



Table 19: Percent Change from Baseline in Total Inpt Use by Region and RFS2 Scenaiid

Percent change in total input use across the RFS2

Nitrogen  Phosphorous  Potassium Diesel Electric Galine Nat. Gas Water
Corn Belt 2.65% 7.68% 14.99% 2.70% -4.37% 2.86% 12.14% 9.14%
Great Plains 0.68% -0.09% 1.67% -0.81% 4.65% -2.14% 1.02% 5.39%
Lake States 4.25% 14.86% 30.05% 19.85% -13.72% -5.35% 14.65% 7690
Northeast 33.71% 33.26% 35.89% 34.72% 34.16% 29.11% 0.00% 5893
Pac. Northwest 0.14% -0.45% -0.79% -0.07% 1.84% 0.17% 0.00% 1.71%
Pac. Southwest 0.17% 0.40% -4.05% 1.10% -0.57% 0.68% 0.00% 0.99%
Rocky Mts. -2.23% -1.99% -0.14% -0.57% 0.00% -3.88% -13.94% 49%h
South Central -4.42% 4.91% 0.34% -0.70% -14.04% -11.03% -13.55%  14.02%
Southeast 10.91% 14.07% 9.42% 9.54% 3.23% 8.52% 0.00% 2.74%
Southwest 22.45% 32.64% 123.36% 16.39% 9.87% -10.54% 0.00% 5499,
U.S. Total 3.47% 7.73% 14.71% 4.61% 2.27% 0.05% 9:71% 1.00%
Percent change in total input use across the RFSZttv CRP

Nitrogen  Phosphorous  Potassium Diesel Electric Galine Nat. Gas Water
Corn Belt 3.11% 7.91% 14.89% 3.29% -3.93% 3.47% 12.17% 9.25%
Great Plains 5.07% 4.34% 5.27% 4.01% 4.63% 2.57% 5.71% 5.88%
Lake States 3.80% 14.38% 30.13% 20.27% -10.74% -4.19% 16.99% 90%.
Northeast 20.61% 19.99% 22.55% 20.47% 20.96% 17.46% 0.00% 9420
Pac. Northwest -0.15% -0.51% -0.46% -0.16% -0.83% -0.12% 0.00% 74%
Pac. Southwest 0.19% 0.61% -5.68% 1.75% -1.87% 0.89% 0.00% 1.13%
Rocky Mts. -0.91% -1.03% 0.54% 0.94% 0.05% -2.58% -13.64% .56
South Central -4.41% 5.57% 0.84% -0.25% -14.21% -11.76% -13.56%  14.12%
Southeast 11.73% 15.19% 9.99% 9.63% 2.77% 6.86% 0.00% 2.96%
Southwest 20.08% 30.51% 116.82% 14.55% 9.61% -14.09% 0.00% 1598,
U.S. Total 4.33% 8.73% 14.40% 5.97% 2.15% 0.87% % 1.04%

8 \/ariable or scenario definitions are found in M@menclature section
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An appropriate proxy for regional management infexagion responses is the

deviation in per-acre use of agricultural inputhjeh eliminates the effect of cropland

expansion on total input use (Table 20). Thisnsare valuable metric for

understanding the influence of policies on farmelgsroduction behavior and input use.

For the U.S., aggregate management intensity deesdar all energy inputs and
N fertilizer, but increases for water use and phospus/potassium application.
This result indicates that although cropland useeiases, total input use and per-
acre intensity decline, indicating a trade-off @Jahe extensive and intensive
margins. The cropland expansion effect of the R&§#ars to dominate the
management intensity effect.

However, management intensity increases for feetiland chemical application
rates in all regions but the Lake States, Rocky Mains, Pac. Northwest, and
South Central. Thus, the RFS2 can lead to croptaspdnsion and a shift along
the intensive margin, which is consistent withialiexpectations and theoretical
framework. Furthermore, national reductions in ngggmaent intensity are driven
by large reductions in the Lake States and Souttir@le

In the Rocky Mountains and South Central, per-aseof most inputs declines.
These regions bring additional cropland into prdiuncunder the RFS2 and shift
crop mix strategies, but manage to reduce on-faputiuse in the process
(reflecting the intensity/expansion effect obseraethe national level).

In general, CRP reversion relaxes management ifit&ien increases as

additional land comes into production.



Table 20: Percentage Change from Baseline in Per+@clnput Use by Region and RFS2 Scenarfd

Percent change in per-acre input use across the RES

Nitrogen Phosphorous Potassium
Corn Belt 0.27% 5.18% 12.32%
G. Plains 1.65% 0.88% 2.65%
Lake
States -11.01% -1.96% 11.01%
Northeast 1.36% 1.02% 3.02%
Pac.
Northwest 0.13% -0.47% -0.80%
Pac.
Southwest 0.17% 0.40% -4.05%
Rocky
Mts. -0.75% -0.52% 1.37%
South
Central -7.35% 1.69% -2.74%
Southeast -0.39% 2.45% -1.73%
Southwest 1.80% 10.28% 85.71%
Total -1.40% 2.66% 9.31%
Percent change in per-acre input use across the RESvith CRP
Nitrogen Phosphorous Potassium
Corn Belt 0.15% 4.81% 11.59%
G. Plains 1.30% 0.60% 1.50%
Lake
States -11.78% -2.79% 10.60%
Northeast 1.60% 1.07% 3.23%
Pac.
Northwest -0.11% -0.47% -0.42%
Pac.
Southwest 0.17% 0.60% -5.69%
Rocky
Mts. -1.14% -1.27% 0.30%
South
Central -7.99% 1.62% -2.94%
Southeast 0.07% 3.17% -1.49%
Southwest 1.45% 10.27% 83.19%
U.S. Total -1.79% 2.36% 7.69%
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6.2.4.3.1 Other Environmental Effects

Management responses along the intensive and @éxgengargins imply non-
GHG environmental co-effects of the RFS2. FASOMGtt@tains technical
coefficients that relate per-acre use of agricaltpractices to environmental impact
measures. Figure 31 summarizes various nitrogemphosphorous pollution measures
in percentage differences from the baseline. Thes@missions factors associated with
regional production practices and per-acre usg@ofatural inputs. In general, sources
of N percolation, subsurface loss, andN@noff increase 3-6% across the RFS2, while

P runoff and sediment loss increase 4-10%.

In general these results indicate that the non-@HGronmental consequences
of the RFS2 are non-trivial, and merely measurggponses in input use relative to a
baseline forecast might not reveal appropriatereds of N and P pollution, nutrient
loading, runoff, or sedimentation given geograpnd biophysical factors that influence

pollution.
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6.3 Conclusions

This chapter has developed simulation-based egaltdrat RFS2 driven biofuel
expansion can:
» Alter land use through higher resource demands
» This is includes significant cropland expansiorg pasture contraction,
increased forest to cropland transitions (thoughithoffset by pasture to forest
transitions), and lead to significant CRP reculiva
» Shift production patterns
* In particular, lower total livestock productionagpossible consequence of higher
feed costs and reduced pastureland. In additielREFS2 can alter crop mix and
management strategies as land is used for dedieatsdy feedstock production
or agricultural residue harvesting,
* Boost management intensity
* Results indicate that the RFS2 can stimulate tleeofisvater resources, with
significant regional variations in water use resgem In addition, the RFS2
could stimulate substantial increases in fertibzand other agricultural input
usage, eliciting regional water quality concernstigh higher simulated levels
of N and P pollution.
» Significantly boost net energy output directly tethto the policy mandates.
* Marginally reduce GHG emissions from the U.S. AEtses (however, this does not
account for potential leakage affects of the RFSiaternational production

regions).
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» Alter commodity markets and trade flows
* While results show significant commodity price resge to the RFS2 mandates,

note that these effects are smaller than previtugies have shown. Thisis a
potential silver lining of extensive U.S. croplagxjpansion, be it on pasture or
conservation lands; greater use of land resource®esdtically can reduce
concerns of land use change in more sensitive starsg elsewhere (such as
Brazilian rainforest or Argentine Pampas). Thia i®sult that warrants further
attention; even though FASOMGHG does not represgaitnational production
possibilities and land use, international tradelltesndicate that the RFS2 can
alter export projections in the U.S. and internasidy.

* Increase net lead to net welfare gains for U.S @reducers, losses for livestock

producers, but a net gain in U.S. agricultural enedfoverall
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CHAPTER VII

RESULTS FROM MITIGATION SCENARIOS

Here, results from the previous chapter are exmhtmeonsider the combined
effects of the RFS2 mandates and climate mitigatioantives. Whereas biofuel
mandates can result in significant cropland exgan<eHG mitigation can have the
opposite directional effect, transferring land ofitonventional food and fiber
production for dedicated bioenergy production ardestrial sequestration.

7.1 Scenarios Employed

Several GHG mitigation scenarios are considereagusiternative carbon dioxide
equivalent (C@e) pricing schemes (using the 100 year global wagrpotential for
methane and nitrous oxide). There are two maitsgiarthese scenarios that are

discussed separately:
* Assumed carbon price
» Payment eligibility assumptions
Each will be discussed separately. Biofuel produrctonstrained to levels

modeled in the previous chaptérhus, a carbon price signal does not manifesfiisel

the volume of biofuels produced, only on the conpws of the biofuel portfolio. The
spatial distribution and feedstock portfolio wiltisch to one that provides the greatest

life-cycle GHG gains given the magnitude of thes€@rice. Combining biofuel
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mandates with GHG mitigation serves two purposgst,Fas EISA-RFS has already
been established and comprehensive climate poticikddoecome a reality, this scenario
can serve as an enhanced baseline that factdraaragnt policy drivers to discuss the
resulting implications of a GHG mitigation policgrfsectoral economic performance,
land use decisions, and management intensity. ,Tthencase can be compared to the
RFES scenario with no carbon price signals to dategrthe extent to which GHG offset
incentives can alleviate environmental damagesgdiroan by the RFS (including
deforestation or pasture conversion rates, waquality, and net GHG emissions). In
addition the mitigation scenarios below will als®ton with and without CRP re-
cultivation. Potential roles of the CRP in a loarlmon economy include use of CRP
soils for dedicated bioenergy production, directegament payments for CRP carbon

sequestration benefits, and landowner participatiaan offsets market.

7.1.1 Carbon Price Alternatives

FASOMGHG methodology assigns price on all eligiBldG flows within the
sector (spanning carbon sequestration, bioenefggtsf or changes in GHG emissions
from altered management practices and land usedmtitolled by eligibility scenarios
below). This does not explicitly evaluate a sgedif.S. GHG cap-and-trade proposal.
Instead, this chapter considers low to high GH@imives for changing AF practices
that might arise under different proposals. Reaktant prices of $15, $30, and

$50/tCQe are evaluated. In all, these prices give thidyais a wide range of GO
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prices in line spanning those projected by the ERd&er the two most comprehensive

climate bills (like HR 2454 Waxman Markey in 2009).

7.1.2 Alternative Offset Eligibility Scenarios

To reflect the reality that alternative forms éfmate legislation will contain
differences in offset provisions (including whicttigities will be eligible to receive
payments), three alternative offset cases are deresi: (1) Full offset eligibility, (2)

Limited Offset Eligibility, and (3) No Offsets.

7.1.2.1 Full Offset Eligibility

In the full offset eligibility case all sources @fissions and sequestration in AF
are priced, accounting for a full suite of offsdt Affset activities and mitigation
strategies. All activities are included once théqgyas enacted, and no activities are
discounted for potential transaction costs resgifiom carbon market participation.
Only emissions changes relative to a baselineradited (and any increased flux is
taxed), thus all simulated mitigation is additiobgldefinition, and FASOMGHG

implicitly discounts for permanence and leakage.

7.1.2.2 Limited Offset Eligibility

The second offset scenario considered modelsahigited set of mitigation
“offset” activities by introducing payment restrans that vary by activity. Here, certain
offsets that are considered difficult to implemenpractice or which conflict with food

security goals are not incentivized. Only thosévéaas that are expected to be included
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in offset protocols initially are creditetd The greatest change here is limiting forest
management offset eligibility with payment inceesvexcluded for carbon sequestration
from existing forest management practices (inclgdimoided deforestation). Also
excluded are forest product carbon storage, pastut®n sequestration, reduced
emissions from rice cultivation, and improved ewtérmentation. In effect, this limits
the offset portfolio to changing N application satéllage practices, afforestation, and
lagoon treatment of hog and dairy operations. Byimmentivizing these practices, net
mitigation potential in AF is lowered, and the métion portfolio shifts to other

activities (including bioenergy).

7.1.2.3 No Offsets—Bioenergy Only

In the no offsets case, GPayments only accrue to energy use, and bioenergy
emissions reductions. This simulates a case igtwhicarbon pricing policy is in effect
directed toward fossil fuels only, with no offsebpision. Here, AF sectors can respond
to a carbon price signal through changing produagiactices and crop mixes as a result
of higher energy costs, or by producing biomasshardesting residuals that can be
used for co-fired electricity generation. Here, iiddal bioenergy production would
represent a direct mitigation response, thoughréetimitigation (or emissions) is

possible through shifting land use and productiatiegons.

*L This is consistent with S 2191 legislation, whictluded provisions of certain offsets, but makes n
mention of other potential activities.
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7.2 Results

Here | analyze the implications that carbon pridiag on land use, land use
change, GHG mitigation potential, provision of reable energy, management
intensification, commodity markets, economic wedfaand other important items.
7.2.1 GHG Mitigation

Net GHG emission mitigation was calculated by tgkime annuity of emissions
flux throughout the simulation horizon (by soureejoss all mitigation scenarios, then
calculating the difference from baseline-annualieedssions (discussed in the previous
chapters).
7.2.1.1 Mitigation Potential under Full Offset Eligibility

Figure 32 shows net mitigation potential underaheffsets are eligible
scenarios under 3 different carbon prices. Notiet & relatively small carbon price
incentive ($15/tC@e) can influence AF practices such that the settecome a net
GHG sink. The following observations can be dravamt these results:

* Mitigation potential ranges 678-1144 million t@per year. Put into context,
this ranges approximately 11-20% of total U.S. aioiss per year from all
sources (EPA 2009 GHG Inventory), The greatestgatitbn potential comes
from altered forest management practices, affotiestaand bioenergy, with
agricultural activities providing a modest sharehasf portfolio.

o In fact, some emissions sources increase acrossitigation scenarios,

pasture soil carbon (reduced sequestration), ar@ &glissions from
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crop management (a by-product of increased managdntensity
stimulated by the RFS2, as outlined in the previchapter).
Mitigation from altered forest management practicasyes 155-292 million
tCO.e per year, driven primarily by lengthened rotasiamd avoided
deforestation.
Afforestation of dedicated cropland or pasturenigaonomically competitive
abatement strategy even at $15/t€(Gand provides a significant offset source at
higher price (ranging 158-354 million tGe€).
Emissions offsets from biofuels do not change $icgntly across scenarios.
Agricultural methane and emissions decrease saamifly (33-55 million tCO2e
per year) across the mitigation scenarios dueiftrghlivestock production
patterns, improved enteric fermentation, and mamaragement practices that
offset methane emissions.
Other mitigation strategies that play a less predant role in the overall AF
mitigation portfolio include reduced N20 emissigndich increase at $15 and
$30/CQe, but decrease marginally at $50/t@D
Agricultural soil carbon sequestration changes flaaseline actually represent a
net source of emissions when compared to the Ip&sédlut this is strictly a by-
product of land shifting out of pasture use. Thgragate soil carbon account
includes crop and pasture soil carbon stocks. Atupaland is afforested or
converts to crop production, pasture carbon isceduelative to the baseline.

Thus, carbon is essentially shifted from one acttmanother. Since
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afforestation increases soil carbon sequestragéiative to grazing lands, this
represents a net gain in total terrestrial carbaha small decrease in
agricultural soil C (as the loss in pasture C ougve the soil C gained form

adoption of conservation or no-till practices).

Mitigation by Source (Full Offset)
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Figure 32: Net GHG mitigation (annualized emission§lux from base) for the full
offset eligibility scenarios?

Allowing land use shifts from conservation (CRPipgties to cropland can
increase net AF mitigation potential, but only maadly so (Table 21). Some studies

have maintained that the CRP can contribute to @Ghitigation goals if kept intact

52 variable or scenario definitions are found in N@menclature section
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(Baker and Galik, 2009 and Pineiro et al. 2009kURks here show that continued
participation in the CRP could be significantly uedd under a low carbon policy
regime, even when further subsidized by the vafusaintainingin situ carbon stocks.
Here, allowing a portion of CRP to re-enter protuttan contribute to GHG
mitigation goals at rates that outweigh the saiboa losses from re-cultivation. Results
suggest allowing CRP re-cultivation increases néigation potential by 9-23 million
tCO2e per year. A larger productive land use bdsesfor additional mitigation
options through bioenergy feedstock cultivatiord &renhances conventional
commodity production in some regions, freeing updpictive land for carbon
sequestration elsewhere. Total CRP reversion abaseline levels ranges 10.1-16.3
million acres (cumulative), so the per-acre carbenefits to CRP recultivation under a
full offset scenario range 0.9-1.8 tCO2e per aereyear (above the soil carbon loss as
recultivated). The U.S. average C sequestratiotafuis set aside for the CRP is
approximately 0.85 tC£ per acre per yedr suggesting that alternative uses of this

land might contribute more greatly to the AF sysgemitigation potential.

Table 21: Difference in Mitigation Potential with CRP Reversion Relative to
Mitigation without CRP Reversion

$15/tCO2e with  $30/tCO2e with  $50/tCO2e with
CRP CRP CRP
Total Mitigation
Difference (million
tCO2e) 9 23 21
% Difference in
Mitigation Potential 1.3% 2.5% 1.8%

%3 For a summary of C sequestration potential froenGRP, see Pifieiro et al., 2009.
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7.2.1.1.1 Mitigation Potential for the Limited Offset Eligilitly Case

Now, consider mitigation for the limited offset s@gios. When we eliminate

offset payments for forest management, enteric éatation, and pD emissions, this

incentivizes alternative abatement strategies and use patterns in the AF sector.

Mitigation potential changes in the following manne

Total mitigation potential now ranges 506-920 militCQe per year, which is
20%-26% less abatement than under the full oftsetarios (Figure 33), with
afforestation and bioenergy as the dominant abateopmions

Afforestation offset potential ranges 178-414 nillitCQe per year, which is
13-17% higher than afforestation mitigation undwex full offset case.

Mitigation from bioenergy ranges 313-401 millionQg per year, and increases
only marginally (1-2%) from the full offset case

Notice that GHG accounts associated with forestagament practices now
create a net source at lower GHG prices ($15-$8®here are not avoided
deforestation incentives to keep forestland fromveoting to agriculture,
Methane emissions reductions do not register grkiv mitigation portfolio
Agricultural soil carbon and XD produce a net source of emissions relative to

baseline levels, driven by land use shifts andRR82 mandates.
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Figure 33: Net emissions and mitigation (annualizedmissions flux from base) for
the limited offset eligibility scenarios*

7.2.1.1.2 Mitigation Potential for the No Offset Case

For the no offset scenarios, some sources of alestierespond directly to the

carbon price incentive that affects input costs stidulates bioenergy production

(Figure 34). Other sources of abatement occureéetly as management practices

respond to the new set of economic stimuli (inatgdnigher costs of production)

* Full abatement potential ranges 424-730 million 1€@er year, a 37-43%

reduction from full offset abatement levels,

5 Variable or scenario definitions are found in M@menclature section
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» Abatement potential from bioelectricity ranges I8® million tCQe per year,
which is substantially more than under a GHG polidyere bioenergy must
compete with AF offset practices such as afforestat

* Notice that afforestation and forest managementritute to the estimated
mitigation potential under this scenario for th@®$®d $50 scenarios. While not
subsidized directly through a carbon payment mesharthe demand for
bioenergy from AF feedstocks boosts land transstipom agriculture to

forestry, and indirectly contributes to the overaltigation portfolio
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Figure 34: Net emissions and mitigation (annualizedmissions flux from base) for
the no offset eligibility scenariod®

S variable or scenario definitions are found in M@menclature section
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7.2.1.1.3 Importance of Offset Eligibility Restrictions

To reiterate, restricting offset payments for a bemof AF activities can
significantly reduce the AF’s role as a low-cosat@ment source (Figure 35). A
comprehensive abatement approach that considetssalite of direct emissions
reductions, offsets, and bioenergy will producegheatest mitigation gains. Annualized
mitigation potential at $30/tC#@ under full offset eligibility is 24.3% higher thdor
limited offsets case, and 43% higher when only héogy is incentivized. However,
GHG abatement is not the sole variable of integesd, as the rest of this chapter
illustrates, pursuit of full mitigation potentiabald bring legitimate concerns regarding

international leakage, commodity prices, and tlygoreal distribution of agricultural

input use.
Net Mitigation at $30/tCO2e
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CRP

Figure 35: Net mitigation potential by scenarios a$30/tCO2e
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7.2.2 Commodity Price and Welfare Projections

Climate mitigation incentives in addition to biefunandates alter the demand
for land resources, placing further upward mobititycommodity prices. Results below
show that land shifts stimulated by combined RRS2 raitigation incentives can lead to
price impacts that that are much larger than tistiseulated by the RFS2 alone. Also,
commodity price fluctuations stimulated by low-camtpolicies depend not only on the
magnitude of the carbon price considered, but thee of the mitigation policy enacted.
7.2.2.1 Commodity Prices across Mitigation Scenarios

First, consider how commodity prices might varyhwthe magnitude of the

carbon price imposed on the system. Figure 36 @yspbrice indices for important grain
and livestock commodities to illustrate the impaicGHG mitigation incentives on
commodity markets over time. Grain and soybearepricse sharply once the policy is
implemented (2010), and this continues into lagarg of the simulation period. Prices
are consistently higher for greater carbon priaesartifact of increased incentives to
alter production and management activities for Gdb@tement and higher production
costs as the GHG content of fossil fuel use andradlgricultural inputs are explicitly
priced. In all, short term (2010-2015) commoditice movements range 5-25% across
the CO2 prices, stabilize in the medium term (2@R30), then start to rise again
beyond 2030. It is important to note that a portéthese price fluctuations occur as a
direct result of the RFS2 mandates, and not inaesp to the mitigation efforts. It is the
combined effect that of the RFS2 and mitigatiort thads to excessively high price

impacts. CRP recultivation serves as a buffer agaignificant commodity price



180

movements, especially at higher £@ices. So in addition to improving GHG
mitigation potential, reverting CRP acreage addstal AF production and relaxes

commodity price concerns of managing land for carbo

Grain and Soybean Price Indices
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Figure 36: Commodity price index values across fulbffset mitigation scenarios®

%6 variable or scenario definitions are found in M@menclature section
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Tables 22-25 display important commodity pricgetttories over time in

absolute terms and in percentage change from baseollowing important

observations can be made:

« Full Offset Eligibility

o

o

o

o

All prices displayed see significant increasesgemly in the long term.
Corn and soybean prices vary the greatest amouetiaddecreased crop
acreage

Fed beef prices rise due to reduced herd size igheéhcosts of feed,
non-fed beef prices rise as land moves out of pastu

Rice and chicken see little movement throughoutttrézon

Wheat fluctuates greatly initially, but this efféapers off

» Restricted Offset Eligibility

Under the limited offset case, commodity pricedctpries show similar
movement as in the full offset case.

For the no offset case, however, most commodityegrfall relative to
the Baseline and RFS2 scenario presented in thveopsechapters.
Without incentives for carbon sequestration anddteck herd
reductions, agricultural acreage expands signiflggnontributing to
reduced prices). This is consistent with otheen¢apers and reports
that find little change in commaodity prices (witligdt downward
pressure) when significant emphasis is put on bagtity from AF

residues (de la Torre Ugarte et al. 2010).
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Table 22: Commodity Prices and Deviations from Basat $30/tCO2e (Full Offset

Eligibility)
2010 2020 2030 2040 2050
Wheat ($/Bushel) 6.61 6.63 6.08 5.85 5.01
2.97% 9.02% 8.25% 10.00% -0.65%
Corn ($/Bushel) 3.94 3.85 3.32 3.12 3.01
11.00% 14.26% 9.47% 18.34% 34.99%
Cotton ($/Ib) 262.15 305.33 308.68 367.49 410.57
2.10% 15.46% 11.92% 30.81% 42.11%
Soybeans
($/Bushel) 9.96 11.03 10.73 14.11 15.30
7.36% 22.58% 17.49% 56.25% 65.84%
Sorghum
($/Bushel) 6.53 6.88 6.70 6.55 5.94
14.09% 24.43% 23.39% 21.48% 13.61%
Rice 10.23 10.28 10.17 10.00 9.97
1.51% 4.48% 4.11% 3.71% 3.04%
Fed Beef ($/100 Ib 106.26 109.16 113.08 110.02 105.13
1.07% 5.48% 12.34% 14.12% 12.60%
Non-fed Beef
($/100 Ib) 73.56 76.75 82.91 80.72 79.89
11.33% 12.71% 22.99% 23.26% 20.85%
Hogs ($/100 Ib) 60.99 61.08 57.84 57.09 56.73
9.06% 11.69% 6.42% 7.12% 10.29%
Chicken ($/100 Ib) 58.69 59.29 57.62 56.25 56.25
2.77% 5.07% 3.77% 2.97% 4.36%
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Table 23: Commodity Prices and Deviations from Basat $30/tCO2e (Full Offset

Eligibility with CRP)

2010 2020 2030 2040 2050
Wheat
($/Bushel) 6.60 6.30 5.79 5.64 472
2.76% 3.54% 3.12% 6.09% -6.43%
Corn
($/Bushel) 3.87 3.75 3.31 3.13 2.99
9.02% 11.32% 9.34% 18.98% 33.96%
Cotton
($/bale) 260.84 303.56 305.96 369.17 410.57
1.59% 14.79% 10.94% 31.41% 42.11%
Soybeans
($/Bushel) 9.85 10.68 10.64 14.09 15.30
6.25% 18.67% 16.54% 56.05% 65.79%
Sorghum
($/Bushel) 6.45 6.83 6.60 6.45 5.88
12.57% 23.49% 21.65% 19.63% 12.48%
Rice 10.23 10.27 10.18 10.00 9.97
1.51% 4.31% 4.22% 3.71% 3.04%
Fed Beef
($/100 Ib) 106.26 108.44 111.16 108.52 104.15
1.07% 4.79% 10.44% 12.57% 11.55%
Non-fed Beef
($/100 Ib) 73.92 77.24 82.01 80.40 79.89
11.87% 13.43% 21.65% 22.77% 20.85%
Hogs
($/100 Ib) 60.55 60.19 57.49 56.88 56.67
8.27% 10.06% 5.78% 6.72% 10.17%
Chicken
($/100 Ib) 58.58 58.87 57.58 56.25 55.98
2.58% 4.32% 3.69% 2.97% 3.85%
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Table 24: Commodity Prices and Deviations from Basat $30/tCO2e (Limited

Offset Eligibility)

2010 2020 2030 2040 2050

Wheat

($/Bushel) 6.53 6.46 5.96 5.85 5.07
1.67% 6.21% 6.21% 10.11% 0.64%

Cotton

($/bale) 257.60 288.89 301.28 369.79 410.52
0.33% 9.25% 9.24% 31.62% 42.14%

Corn

($/Bushel) 3.74 3.68 3.24 3.10 3.01
5.50% 9.30% 6.96% 17.50% 34.87%

Soybeans

($/Bushel) 9.64 10.38 10.49 14.31 15.39
3.95% 15.26% 14.81% 58.48% 67.02%

Sorghum

($/Bushel) 6.27 6.71 6.58 6.53 5.98
9.48% 21.41% 21.22% 21.02% 14.47%

Rice 10.17 10.21 10.15 10.00 9.97
0.91% 3.76% 3.89% 3.71% 3.12%

Fed Beef

($/100 Ib) 105.27 108.44 104.91 103.69 98.13
0.14% 4.78% 4.23% 7.55% 5.08%

Non-fed Beef

($/100 Ib) 66.11 71.01 70.61 72.52 72.54
0.05% 4.28% 4.76% 10.74% 9.72%

Hogs

($/100 Ib) 59.46 59.28 57.18 57.43 57.22
6.32% 8.38% 5.21% 7.73% 11.28%

Chicken

($/100 Ib) 58.10 58.60 57.33 56.29 56.04
1.73% 3.84% 3.25% 3.03% 4.00%
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Table 25: Commodity Prices and Deviations from Basat $30/tCO2e (No Offset

Eligibility)
2010 2020 2030 2040 2050

Wheat ($/Bushel) 6.54 6.14 5.68 5.13 4.33
0.13% -5.00% -4.66%| -12.37%| -14.57%

Cotton ($/bale) 261.86 271.98 280.65 365.89 422.07
1.65% -5.85% -6.84% -1.06% 2.81%

Corn ($/Bushel) 3.72 3.55 3.13 2.79 2.75
-0.69% -3.62% -3.45% -9.88% -8.42%

Soybeans

($/Bushel) 9.85 9.81 9.47 13.20 15.28
2.18% -5.41% -9.69% -7.79% -0.75%

Sorghum

($/Bushel) 6.35 6.53 6.36 6.35 5.66
1.32% -2.68% -3.30% -2.68% -5.38%

Rice 10.20 10.13 9.98 9.92 9.92
0.25% -0.78% -1.72% -0.77% -0.54%

Fed Beef

($/100 Ib) 106.26 105.76 101.20 96.01 92.96
0.94% -2.48% -3.54% -7.41% -5.27%

Non-fed Beef

($/100 Ib) 66.51 70.14 68.42 67.55 70.41
0.60% -1.22% -3.11% -6.86% -2.93%

Hogs ($/100 Ib) 57.17 56.33 54.91 53.62 53.98
-3.85% -4.97% -3.97% -6.64% -5.66%

Chicken

($/100 Ib) 57.79 57.31 55.89 53.87 54.01
-0.53% -2.19% -2.52% -4.29% -3.63%

7.2.2.2 Producer Welfare Effects of Combined Biofuel and@Policies

The previous chapter showed that higher commoditegp, in addition to

increased revenue for processed biofuels can lagotultural producers’ net income
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(as measured by producer surplus. Here, RFS2 mesdantribute to producer welfare,
as do GHG offset payments, revenue from bioelattrieedstock sales, higher input

costs, and indirect commodity market revenue s@ted by production decisions

Figures 37-39 display regional changes in croplaedtock producer welfare,
across the mitigation prices modeled. This provideneasure of net U.S. economic
welfare flowing to the agricultural sector acrdss suite of low-carbon policies
simulated. Again, welfare measures are reportexhasalized deviations from baseline

levels.

Under the full offset mitigation scenarios, cropgwucers’ surplus increases for
all FASOMGHG agro-forestry regions, at all pricesiestock producers are hurt by
higher commodity prices in a few select regionsauritie $15 case (Corn Belt, Great
Plains, and Northeast), but benefit under botthefttigher price scenarios in all regions.
The regional distribution of potential welfare gais an important consideration for
mitigation policy development, as this indicatesewehthe greatest offset potential
resides spatially, and how contemporary agricultiarad rents in a particular region
might compare in the long term with high carborseffincentives. Regions with the
greatest afforestation potential see significarifarve gains (Corn Belt, Lake States
South Central, and Southeast), but even regior®witforestry options see significant
producer welfare gains through the production okhergy feedstock production or

indirect commodity market revenue.

Total welfare gains (the sum of offset paymentsebergy revenue, processed

biofuel revenue, and indirect commodity market rexeacross all regions), as shown in
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Figure 40, are substantial across the full offseenario (ranging $37-$90 billion per
year). In general, crop producers receive the nigjof these surplus flows (92%-96%).
Livestock producers balance the benefits of offegiments and higher output prices
with increased feed and operating costs. The lohifésets scenario produces even
higher producer gains ($37-$104 billion annualiagtien the carbon value of land use
transitions is not explicitly priced. Under no d@fs, producer gains are limited to
bioenergy processing revenue and indirect commadégket impacts, and range $29-
$56 billion). Additionally, producers are faced whigher input prices, but no incentives

for emissions reduction.

Higher commodity prices will ultimately be realizbg households, and are an
important factor in total economic welfare accongtof national climate legislation.
Annualized consumer welfare losses range $11.668R8n under full offset eligibility,
$9-$23 billion under limited offset eligibility, @$6-$11 billon under no offsets.
However, these losses are more than outweigheddayper gains, signaling net

economic gains to U.S. AF under a variety of lowboa policy futures.
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Figure 37: Annualized change in producer welfare uder the full offset eligibility
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Crop Producer Welfare (Lim Offsets)
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Figure 38: Annualized change in producer welfare uder limited offset eligibility >®

%8 Variable or scenario definitions are found in N@menclature section
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Crop Producer Welfare (No Offsets)
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Figure 39: Annualized change in producer welfare uder no offset eligibility®®

% variable or scenario definitions are found in N@menclature section
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7.2.2.3 Disaggregating Welfare Flows by Source and Policy

To illustrate the breakdown of welfare flows betwelrect and indirect sources
and by policy, consider Figure 41. Here, | haveetaikaformation from simulation
output presented in the bioenergy expansion antaté mitigation chapters,
respectively. This figure illustrates how welfateaoges can be disaggregated by policy,
and into direct and indirect sources. The direticgacontribution from the RFS2 is
broken down into biofuel processing revenue (tHaesaf processed biofuels), indirect
revenue from higher commodity prices, and consuosses under new market
conditions.

Welfare flows are then disaggregated further fonate policy scenarios to
distinguish between agricultural GHG mitigation pegnts, bioelectricity revenue,
indirect revenue from commodity market shifts, aodsumer losses from climate
mitigation. The results show that there is sigmificrevenue potential from the sale of
offsets and bioenergy feedstocks. This figure aldaates that pursuit of mitigation
through offsets that take land out of production paduce AF consumer welfare more
acutely than bioenergy expansion policies as prisessharply. Biofuel mandates,
terrestrial GHG mitigation incentives, and use &f Biomass for electricity generation

can provide a substantial flow of economic beneéitendowners and producers.
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61 variable or scenario definitions are found in N@menclature section
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7.2.3 Land Use/Land Use Change

Note, however, that while simulation results shalstantial mitigation potential

and welfare gains for the US-AF across climategaiion scenarios, such results are not

achievable without significantly altering the waynt resources are managed.

7.2.3.1 Full Offset Scenario

Cropland initially expands, and then contracts ificgmtly. Expansion is
caused by the RFS2 mandates and bioelectricitysteeki production at
lower COZ2e prices. Cropland contraction, prevadrihe $30 and
$50/tCO2e cases, is caused by reduced croplandegé&iton, and
afforestation shifts for carbon sequestration d¢sedi

Forest use expands substantially (24-48 milliorscannualized) as forests
are managed for carbon and agricultural land isre$ited (Figure 42).
Allowing CRP recultivation increases the croplatmtk by 3.6-7.4 million
acres relative to the mitigation scenarios withrenersion (annualized).
CRP reversion increases total forestland as wedl.§Imillion acres,
annualized). Here, the model is bringing additiarabland into production
that was formerly in CRP in regions with no forgsipportunities (Great
Plains, Southwest), allowing additional afforestatand bioenergy in other

regions.
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7.2.3.2 Limited Offset Scenario

For the limited offset scenario, cropland expandsndurther at the
$15/tCO2e case. The difference in annualized crapbeetween the full and
limited offset cases at $15/tCO2e is approximatebymillion acres.
Forestland increases substantially as well duéfeoestation incentives (20-
46 million acres annualized), but this is lowenthender the full offset case,
as there are no avoided deforestation or forestgement incentives to keep

existing stocks intact or lengthen harvest rotation

%2 variable or scenario definitions are found in N@menclature section



7.2.3.3 No Offsets Case

196

» As discussed, the primary mitigation option undher mo offset scenario is

bioenergy. Results show that the majority of thgursite biomass comes

from dedicated energy crops or agricultural ressddue

* Annualized cropland increases 22.4-27.8 millioreadiFigure 43).

» Forestland use increases as well (2.7-7.6 millaes annualized),

stimulated by bioenergy feedstock demand althobghchange is only

marginal compared to the full and limited offsetersario
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Figure 43: Annualized cropland and forest stocks aoss limited and no offset

mitigation scenarios (million acres§®

8 variable or scenario definitions are found in N@menclature section
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Figure 44 and Figure 45 display long-term trend®rest and cropland use,
respectively, to further illustrate land use dispos over time. Total forest use is lowest
for the baseline, but declines in the long ternossrall scenarios after increasing
initially under the carbon offset incentive regimé&stal cropland use declines
throughout the projection under the baseline aqeds to a level of ~325 million acres
under the no offsets scenarios. Under full offégilality, total cropland decreases
initially then expands once again beyond 2050. Harel is afforested initially, then
deforested for crop production in later time pesiodnder limited eligibility, cropland
expands initially for dedicated energy crop acreage afforestation rates are lower
initially. With no forest management offsets, fdrgsents are lower than in the full
offset case, so the model is hesitant to move iaddit cropland over in early periods.
Consistent with the previous chapter, CRP recuitwabrings an additional 5-6 million

acres back into production across the simulatiaizbo.
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Figure 44: Forest use over time by offset scenar{30/tCO2ef*

54 variable or scenario definitions are found in M@menclature section
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Million Acres

0 2000I | I2015I | I2030I | I2045I | I2060I | I2075I
== AEQO 2009 Baseline == Full Offsets $30/tC02e
Full Offsets with CRP $30/tC0O2e =>¢=Lim offsets $30/tC02e
=¥=No Offsets $30/tC02e

Figure 45: Cropland use over time by offset scenaui($30/tCO2e}°

7.2.3.4 Land Use Change
Tables 26 and 27 display cumulative transitionsvbenh major land use

categories at different G&°. The following important observations are maderding

these data:
Full offset eligibility
* GHG pricing decreases cropland and pasture de&ti@stin the near term, but

can boost long-term deforestation rates as prelji@iforested land is harvested

8 variable or scenario definitions are found in N@menclature section

% Note that pasture afforestation movements inchata cropland pasture to forest shifts (pure
afforestation) and grazed forest shifts into tintdoed (not afforestation per se, but a shift in land
management that improves carbon sequestration.
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and sustained increases in commodity prices indwstgft back to crop
production,
0 CRP reversion reduces near-term deforestationdurth

* Cumulative cropland and pasture afforestation es substantially, ranging
52-67 million acres by 2020 and 67-97 million adg<2056’,

» Pasture to cropland shifts increase under theoftdet scenario by more than
25%,

» CRP recultivation rises with the carbon price. BO&CO2e, total recultivation is
roughly 60% of the current CRP stock

Restricted offset eligibility

* The limited offsets case has a negligible effectrpland deforestation in the
near-term (though forest to cropland shifts inceeaarginally at $15/tCO2e)

* With no mitigation incentives for forestry, cropthrents are higher relative to
forestry, so there is less incentive to afforespéeially at lower Cee prices).
This is also driven by changing livestock productpractices, as will be
discussed,

* The no offsets case significantly increases crapliaforestation and pasture to
cropland shifts relative to the base and at greaterthan is observed in the other

mitigation scenarios

" Note, this is a cumulative shift, and not a comishift; land can move into agriculture over titoe
replace afforested acreage.
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» Pasture afforestation still persists, but croplafidrestation is reduced to zero

for the no offset case with higher GHG prices.

7.2.3.5 Regional Cropland Use

» Cropland shifts vary widely by FASOMGHG region , GHbrice, and offset
eligibility scenario (Figures 46 and 47). Areashnsignificant afforestation
potential see reductions in cropland. In the Sdightral, this occurs at relatively
low CO2 prices, and increase with the price of oarbin regions where cropland
is more valuable such as the Corn Belt and Lak&e§thigh levels of cropland
aforestation only occur when the price if carbosufficiently high.

* The highest increase in acreage from base occtine iSouthwest region, and
this is consistent across all policy combinations,

* With CRP reversion total cropland use in the GRiains and Rocky Mountains
expands significantly, which allows additional a#fstation (and cropland
reductions) to occur in the South Central and LStetes

» Under limited offset eligibility, cropland use exyts even further in the
Southwest region, but only shifts marginally inethegions,

» Under no offset eligibility, cropland use expandssiderably in most productive
regions except for the Great Plains, where growtlenewable energy is limited

by low bioelectricity market penetration potential.
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Table 26: Cumulative LUC across Full Offset Eligiblity Mitigation Scenarios,
Absolute and Percent Change from Base (Thousand Aes®)

LUC across full offset mitigation scenarios

$15/tCO2e $30/tCO2e $50/tCO2e
2020 2050 2020 2050 2020 20p0
Cropland
Deforestation 8,746.04 29,318.15 6,799.09  28,373.20 6,494.06  25,613.91
-28.03% 30.55% -44.05% 26.35p06 -46.56% 14.06%
Cropland
Afforestation 7,872.70 10,953.18 17,653.03 22,9@|4 22,359.18  49,336.0¢
422.67%  267.559 1071.99% 668.53%  1384.44%  1555.p6%
Pasture
Deforestation 403.85 1,552.60 723.69 1,867{33 737.82 1,821.14
-29.48%  -47.77% 26.36% -37.19% 28.83% -38.74%
Pasture
Afforestation 44,121.54 45,830.29 46,168.92 47,583 44,810.97 47,294.2%
87.54% 94.80% 96.24% 102.25p6  90.47% 101.029
Pasture to
Cropland 12,282.40 12,282.4p 13,737.50  13,737|5014,015.68  14,015.68
25.83% 25.83% 40.74% 40.74p6  43.59% 43.59%
CRP to Cropland 5,320.71  5,320.7L 5,320.71 5,320|7 5,320.71 5,320.71
45.76% 45.76% 45.76% 45.76p6  45.76% 45.76%
LUC across full offset mitigation scenarios with ER
$15/tCO2e $30/tCO2e $50/tCO2e
2020 2050 2020 2050 2020 20p0
Cropland 4]9
Deforestation 8,219.23 29,438. 6,559.69  27,775.50 6,492.78  26,323.82
-32.37% 31.099% -46.02% 23.68%  -46.57% 17.22%
Cropland
Afforestation 9,296.98 12,063.59 20,016.22  28,700.72 26,093.07 59,065.68
517.23% 304.82% 1228.89% 863.10% 1632.33%  1882.05%
Pasture
Deforestation 409.69 1,558.48  721.08 1,864.7 737.82 1,810.24
-28.46%  -47.58% 25.91% -37.27% 28.83% -39.10%
Pasture
Afforestation 43,545.33 45,838.5] 46,164.38 47,579.4] 41,108.03  47,312.60
85.09% 57.40% 96.22% 63.38% 74.73% 62.46%
Pasture to
Cropland 9,761.00 9,761.00 12,307.96 12,307.9p 11,752.55  13,906.2y
0.00% 0.00% 26.09% 26.09% 20.40% 42.47%
CRP to Cropland 13,775.33 13,775.38 16,689.65 16,689.6p 19,973.66  19,973.6p
277.38% 277.38% 357.22% 357.229 447.19% 447.199

% variable or scenario definitions are found in M@menclature section
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Table 27: Cumulative LUC across Restricted Offset kgibility, Absolute and
Percent Change from Base (Thousand Acres)

LUC across limited offset mitigation scenarios wi@RP

$151CO2e $30/tCO2e $50/tCO2e
2020 2050 2020 2050 2020 2050
Cropland
Deforestation 12,341.06 27,222.98 11,910.87 22,406.32 12,081.80 17,506.98
1.53% 21.20% -2.01% -0.24% -0.60%  -22.05%
Cropland
Afforestation 4,167.82 9,233.87| 13,115.35 20,381.41] 21,118.95 48,032.17
176.70% 212.92%| 770.73% 590.68%| 1302.09% 1527.71%
Pasture
Deforestation 1,259.16 4,114.36| 1,152.06 3,010.59| -23,529.12 -29,145.77
119.87%  38.32%| 101.16% 1.22%)| 4208.47% 1079.87%
Pasture
Afforestation 46,897.68 48,312.70| 46,428.62 47,843.87| 9,761.00 9,761.00
50.95%  34.52% 49.44%  33.21%| -68.58% -72.82%
Pasture to
Cropland 13,737.50 13,737.50[ 14,275.50 14,275.50 -3,647.46 -3,647.46
-1.27% -1.27% 2.60% 2.60%| -126.21% -126.21%
CRP to
Cropland 5,320.71 5,320.71f 5,320.71 5,320.71] 5,320.71 5,320.71
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
LUC across no offset mitigation scenarios
$151CO2e $30/1CO2e $50/tCO2e
2020 2050 2020 2050 2020 2050
Cropland
Deforestation 13,909.50 27,786.40| 14,289.06 28,348.21] 15,443.86 30,313.99
14.43% 23.719 17.56% 26.21% 27.06% 34.979
Cropland
Afforestation 772.90 1,085.46 0.00 0.00 0.00 0.00
-48.69%  -63.229 -100.00% -100.00%| -100.00% -100.009
Pasture
Deforestation 523.98 3,403.22 501.51 1,822.16 717.75 1,917.94
-8.51% 14.42% -12.43% -38.74% 25.33% -35.529
Pasture
Afforestation 35,815.33 39,756.77| 37,274.85 43,679.47| 45,417.54 46,831.97
15.28%  27.97% 19.98%  40.59% 46.19% 50.74%
Pasture to
Cropland 14,346.41 14,346.41 16,014.75 16,014.75 13,737.50 14,016.50
3.11% 3.11% 15.10% 15.10% -1.27% 0.74%
CRP to
Cropland 5320.71 5,320.71f 5,320.71 5,320.71] 5,320.71 5,320.71
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Change in Regional Cropland Use (Full Offsets)
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Figure 46: Change in regional cropland use (full det eligibility)®°

% variable or scenario definitions are found in N@menclature section
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Change in Regional Cropland Use (Lim Offsets)

Million acre annuity
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Change in Regional Cropland Use
(No Offsets)

10

Million acre annuity
o
]

M $15/tCO2e No Offsets M $30/tCO2e No Offsets $50/tCO2e No Offsets

Figure 47: Change in regional cropland use (restried offset eligibility)”

7.2.4 Commodity Production Implications
o Shifting land use patterns affect crop mix anddteek management

strategies (Tables 28). The following observaticas be made.

"% variable or scenario definitions are found in N@menclature section
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7.2.4.1.1 Crop Production and Land Use

Table 28 displays regional cropland use by cropsmehario. Specifically,

results indicate:

» Corn acreage decreases only marginally for theafudl limited offsets scenarios,
and expands considerably under no offset eligjbiiative to the baseline,

* Soybean acreage changes only slightly from the 2EQ® baseline, but declines
noticeably across the offset eligibility cases tie&ato the RFS2 projection (10-
12%), explaining the high commodity price effectsmybeans,

* Rice and wheat acreage decrease at a high proposieative to the AEO and
RFS2 bases (12%-26% relative to the RFS2 for and,2%-7.5% for wheat),

» Cotton acreage declines relative to the base Fscaharios

* Meanwhile, dedicated energy crop production ina@sa®nsiderably, with the
highest growth seen in switchgrass.

0 Switchgrass acreage increases from approximateliflion acres from
the RFS2 scenario, driven by the demand for bideddty feedstocks,

o Hybrid poplar and willow play a role in the portimfor no offsets case,
solely for bioelectricity. However, poplar and wilV are used to supplant
pulp and paper mills in the full offset scenarisd@rests are managed for

carbon.



Table 28: Crop Acreage by Mitigation Scenario (Milion Acre Annuity) "
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AEO $30/tCO2e
Conventional 2009 $30/tCO2e $30/tCO2e Lim
Crops Base $30/tCO2e with CRP No Offsets Offsets
Corn 69.40 68.91 69.47 72.43 69.1
Cotton 11.58 11.18 11.10 11.22 11.34
Sorghum 9.94 10.75 10.82 11.58 11
Soybeans 66.33 65.30 66.45 72.22 67.03
Rice 3.13 2.14 2.14 2.52 2.3
Wheat 64.32 58.38 59.77 62.04 60.2

AEO $30/tCO2e
Energy Crop 2009 $30/tCO2e $30/tCO2e Lim
Acres Base $30/tCO2e with CRP No Offsets Offsets
Hybrid
Poplar 0.00 0.91 0.92 1.31 0.71
Switchgrass 0.59 12.07 12.21 15.50 12.67
Willow 0.03 0.56 0.55 0.12 0.12

7.2.4.1.2 Livestock Production

Livestock production practices respond to the ratt@n policies in a number of

ways. For the full offsets case, livestock produttiesponds directly to mitigation

incentives for manure management or improved entermentation, and higher energy

costs, and indirectly to higher feed costs thaedelpon changes in crop production. For

limited offsets, livestock producers face highestspand manure management

incentives, but no payments for improved entenmfntation. For the no offsets case,

livestock producers face only higher costs of pobidun.

" variable or scenario definitions are found in M@menclature section
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Table 29 displays absolute and percent deviatimr base for several
important classification groups (in 1,000 head)dboffset eligibility scenarios and at
$30/tCQe. Results show that across these mitigation sffawgéstock production
practices could respond considerably. For thediiflet case, total cattle production
(cow/calf) falls ~12%. Stocker calves, yearlingsd &eifers are reduced nearly to zero at
$30/tCQe. The stocker phase of production occurs whetecatt grazed for a certain
portion of time (typically 9 months to a year) befdeing sent to a feedlot operation.
Here, the stocking phase is essentially elimindtetifeedlot calves increase
considerably. This is a by-product of incentiviziegluced enteric fermentation and shift
use of grazing lands. One mitigation option is¢ed the animals more heavily at a
younger age, thus reducing lifespan and net GHG®ams per-unit meat. This raises
serious concerns regarding the treatment of aniaralshe environmental co-effects of
large-scale feeding operations, but we do not atciou that in this analysis. Hog and
poultry operations are also reduced, but only nmeaify so when compared to cattle (this
is an indirect response to higher costs of produgtiCRP reversion has a very small
effect on these results.

The limited offset scenarios see a much smallenatoh in livestock head
(5.7%), but a similar response in reduced grazilug o pasture afforestation and
cultivation). Other livestock practices see littvement. The no offsets case sees only
a slight reduction in total production (though giees change significantly) driven by

higher costs of production.



Table 29: Absolute and Percent Change in LivestocRroduction (Thousand Head}?

$30/tCO2e

$30/tCO2e $30/tCO2e Lim

$30/tCO2e

$30/tCO2e $30/tCO2e with CRP  Lim Offsets (% $30/tCO2e No Offsets
$30/tCO2e (% Diff) with CRP (% Diff) Offsets Diff) No Offsets (% Diff)

Sheep 254.50 5.26% 151.85 3.14% 217.41 4.49% 270.99 5.60%
Cow/Calf -4,716.06 -11.77%  -4,464.30 -11.14%  -2,275.92 -5.68%  -1,348.23 -3.37%
Feedlot Yearlings -14,250.32  -97.98% -14,350.55 -98.67%  -1,422.89 -9.78%  -3,088.43 -21.24%
Feedlot Calves 9,510.55 36.68% 9,836.98 37.94% 30.27 0.12% 2,254.04 8.69%
Dairy -377.85 -5.94% -338.87 -5.33% -198.04 -3.12% -45.18 -0.71%
Farrow Hog 526.67 4.20% 869.12 6.93% 512.70 4.09% 438.85 3.50%
Feeder Pig -266.27 -4.42% -269.49 -4.47% -445.48 -7.39% -113.19 -1.88%
Pig Finishing -5,346.03 -4.60%  -5,414.86 -4.66%  -8,697.55 -7.48%  -2,069.51 -1.78%
Horses and Mules -210.20 -3.49% -215.43 -3.58% -94.52 -1.57% -73.16 -1.22%
Steer Calf

(Stocker) -11,375.88  -89.56% -11,493.42 -90.49% -280.03 -2.20%  -1,687.74 -13.29%
Heifer Calf

(Stocker) -2,758.37 -100.00%  -2,758.37 -100.00% -1,614.25 -58.52%  -1,554.09 -56.34%
Steer Yearling

(Stocker) -11,997.97  -87.58% -12,127.22 -88.52% -297.21 -2.17%  -1,750.56 -12.78%
Heifer Yearling

(Stocker) -2,920.25 -100.00% -2,920.25 -100.00% -1,692.83 -57.97%  -1,628.26 -55.75%
Turkey 323.46 0.16% 962.37 0.47% 409.12 0.20% 1,716.34 0.84%
Broiler 136,995.85 -1.84% 129,936.88 -1.74% 113,834.96 -1.53% -27,013.79 -0.36%
Egg -6,806.59 -2.08%  -5,673.98 -1.73%  -4,291.00 -1.31%  -2,129.81 -0.65%

"2V/ariable or scenario definitions are found in M@menclature section

80¢
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7.2.4.2 Import and Export Market Implications

Long-term shifts in land use and production pagemmpact international
agricultural markets, as U.S. exports would be etgeto decline under GHG
mitigation efforts (Table 30). As suggested in pinevious chapter, shifting global trade
patterns have serious implications for land usexghan international regions. Results
suggest that U.S. exports of major grain and meincodities would decrease
substantially under all mitigation scenarios coastdl. Grain exports decrease at the
highest rate, with soybeans seeing the greatesement (coincidentally, soybean
expansion in the Brazilian Amazon is a key congertne land use change arena). These
results reflect export shifts in response to th&RRn addition to those stimulated by
land shifting to carbon sequestration or bioeneidne concluding chapter provides

more detail comparing export responses to the RIafZnitigation scenarios.

Table 30: Percent Change in Annualized Exports acss Mitigation Scenarios
($30/tCO2e)*?

$30/tCO2e

$30/tCO2e Full Offsets  $30/tco2e $30/tCO2e

Full Offsets with CRP Lim Offsets No Offsets
Corn -14.74% -13.47% -12.68% -7.01%
Soybeans -43.52% -40.97% -39.71% -33.54%
Wheat -6.59% -2.88% -4.85% -1.41%
Cotton -18.26% -8.81% -8.81% -12.98%
Sorghum -44.43% -41.65% -41.57% -36.48%
Rice -38.99% -38.79% -31.91% -22.54%
Fed Beef -6.85% -6.25% -3.43% -1.48%
Pork -3.27% -3.16% -5.45% -0.91%
Chicken -2.72% -2.45% -2.11% -0.24%

Variable or scenario definitions are found in M@menclature section
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Production and exports from international regidmsve significant upward
movement across mitigation scenarios. Figure 48shexport index values, measured
as the annualized change in exports relative tb#se (observed) period; values below
100 indicate an expected decline in exports froes¢fregions in the baseline.
Essentially, these data illustrate the addition@lpdy of important grain commodities to
the world market originating from the regions Igten the horizontal axis. International
exports from the regions modeled increase for &lbation scenarios evaluated,
substantially so for some regions (such as BrArgentina and China). Export changes
are lowest in all regions for the no offset scemarhere production expands

considerably in the U.S.
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Figure 48: Export change by international region a mitigation scenario (2000
base export level for all crops = 100§

"V/ariable or scenario definitions are found in M@menclature section
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7.2.5 Management Intensity and Water Resource Implication

To tell a complete story of shifting land use amoduction patterns under
reduced carbon efforts, one must consider manageantensity responses to the low
carbon policies in addition to what happens onetktensive (land use) margin.
7.2.5.1 National and Regional Water Use Response to GHGn®ri

Under the influence of bioenergy mandates, irr@atvater consumption
increases nationally and for most regions. Pattakay al. (2005) show that GHG
mitigation can improve water quality locally, bbig study was performed before
national biofuel mandates were under consideratimen GHG mitigation is included
in addition to the RFS2, water use declines redatiivthe baseline, but only marginally.
Under full offset eligibility, net water consumptiaeclines 0.5-1.5 million acre feet, or
0.9%-2.5% of total water consumed Figure 49. Waserdeclines due to higher
pumping costs across the mitigation schemes, rederopland acreage, and crop mix
shifts. However, this is relatively small shiftpegially when compared to the total
amount of cropland projected to leave conventignatiuction in the full offset

mitigation scenarios.
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Figure 49: Total water use across mitigation scenaos (full offset eligibility) "

CRP reversion brings additional land into produttiout also reduces net water
consumption further. For the CRP mitigation scesgmet water consumption declines
at a lower rate at the $15/tCO2e case, but at darhigher rate for the $30 and
$50/tCO2e scenarios (0.1%-3.9% from base levels} @ffect shows that movement to
the extensive margin can relax management inteasiin.

For the restricted offset eligibility scenariosater use also contracts (Figure 50).
Across the limited offset scenarios, annualizedicdidns in water use range 1.1%-4%.
Similar to the full offset case, reductions aresaliby higher energy prices, shifting

crop mixes, and reduced cropland stocks. For theffset case, annualized water use

S Variable or scenario definitions are found in M@menclature section
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declines 0.7%-3.6%, driven by energy prices anifasut of irrigated production of

conventional crops and into non-irrigated perenaiaps.
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Figure 50: Total water use across mitigation scen#&s (limited and no offset
eligibility) "
7.2.5.1.1 Incidence of Water Leakage

Further examination of water use at the regionadlleeveals that water use does
not decrease consistently for all agricultural oegi modeled. If climate mitigation or
renewable energy efforts induce land use shifteénn the in important agricultural
regions, indirect production responses in less yctde regions and incidence of
leakage are possible outcomes.

Table 31 displays percentage deviations in annehNzater consumption from

baseline (million acre feet). Notice that for soragions, this flux is positive, indicating

"®variable or scenario definitions are found in M@menclature section
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a net increase in water use. For some regionsexisting water scarcity problems such
as the Great Plains and Southwest, water consumipttoeases at a high rate. Thus,
when viewed at a national scale, it appears thab@titigation efforts can reduce total
water consumption, but when viewed regionally ghgfjoroduction patterns push water
use to the intensive margin for regions with litB&lG mitigation potential. This is
essentially “water leakage,” as reducing water aam#ion and improving quality
locally has the residual impact of boosting irrigatelsewhere.

For the restricted offset eligibility scenariosniied offsets have a similar effect
on water consumption, as the Southwest and Graatland Rocky Mountain regions
see marginal increases in consumption, while waerchanges very little in other
regions (Table 32). However, in the no offsets aces, water use in the Great Plains
declines at higher CO2e prices. This is furthedence of the water leakage
phenomenon in reverse order. Here, cropland expaoscurs for most regions,
relaxing some commodity prices. Irrigators arestfaced with higher energy costs
stimulated by the climate policy, but do not realike indirect benefits of higher output
prices as with the previous offset eligibility seeios. This encourages a distinct
management shift away from irrigated productiothie Great Plains where water-
pumping costs directly related to energy priceslithate mitigation or renewable
energy policy efforts induce land use or managerskiffiis in the most productive
agricultural regions in the U.S., then incidencéeakage or intensification responses in

other regions are possible outcomes.



Table 31: Absolute and Percentage Deviations fromde in Regional Water Use under Full Offset
Eligibility (Million Acre-feet Annuity)

$15/tCO2e $30/tCO2e $50/tCO2e

$15/tCO2e  $30/tCO2e  $50/tCO2e with CRP with CRP with CRP

Corn Belt 0.01 0.01 -0.02 0.01 0.00 -0.02
3.96% 3.01% -7.50% 2.10% 1.19% -7.36%

Great Plains 0.39 0.57 0.55 0.71 1.04 0.89
3.17% 4.64% 4.50% 5.79% 8.53% 7.25%

Lake States -0.04 -0.15 -0.22 -0.05 -0.19 -0.27
-10.70% -36.96% -54.59% -12.55% -49.15% -68.99%

Northeast 0.00 -0.01 -0.01 0.00 -0.01 -0.01
-2.64% -10.38% -10.57% -6.04% -10.75% -15.47%

Pac. Northwest 0.09 0.15 0.15 0.03 0.09 0.16
6.06% 9.75% 9.31% 2.21% 5.70% 10.07%

Pac. Southwest -0.02 -0.08 -0.23 0.00 -0.07 -0.16
-0.29% -1.19% -3.50% -0.07% -1.06% -2.40%

Rocky Mts. 0.19 0.28 0.36 0.42 0.46 0.48
0.85% 1.28% 1.66% 1.94% 2.10% 2.19%

South Central -1.80 -2.69 -3.83 -1.82 -2.69 -3.95
-25.84% -38.66% -55.12% -26.17% -38.66% -56.91%

Southeast 0.03 0.07 0.06 0.04 0.07 0.03
2.71% 5.84% 5.22% 3.41% 5.95% 2.79%

Southwest 0.62 0.62 0.62 0.62 0.62 0.62
9.67% 9.67% 9.67% 9.67% 9.67% 9.67%

""Variable or scenario definitions are found in M@menclature section
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Table 32: Absolute and Percentage Deviations fromdeline Water Use Levels under Limited and No
Offset Eligibility (Million Acre-feet Annuity) "

$15/tCO2e

Lim $30/tCO2e  $50/tCO2e $15/tCO2e $30/tCO2e $50/tCO2e

Offsets Lim Offsets Lim Offsets = No Offsets No Offsets No Offsets
Corn Belt 0.01 0.00 -0.02 0.01 0.00 -0.02
4.27% 0.53% -7.92% 3.57% 0.11% -5.71%
Great Plains 0.42 0.43 0.24 0.32 -0.09 -0.18
3.39% 3.51% 1.99% 2.61% -0.77% -1.43%
Lake States -0.03 -0.14 -0.23 -0.10 -0.20 -0.22
-7.69% -36.05% -57.80% -26.41% -50.62% -56.56%
Northeast 0.01 0.01 0.01 0.04 0.06 0.05
11.51% 16.60% 19.25% 76.98% 104.91% 90.38%
Pac. Northwest 0.06 0.11 0.10 0.02 0.01 0.11
3.58% 7.11% 6.53% 1.58% 0.86% 6.90%
Pac. Southwest -0.01 -0.06 -0.11 0.01 -0.01 -0.16
-0.12% -0.86% -1.58% 0.17% -0.22% -2.34%
Rocky Mts. -0.05 0.11 0.28 0.04 -0.19 -0.45
-0.23% 0.50% 1.28% 0.17% -0.85% -2.05%
South Central -1.65 -2.19 -3.25 -1.45 -1.66 -1.91
-23.76% -31.60% -46.74% -20.84% -23.95% -27.52%
Southeast 0.02 0.06 0.03 0.06 0.09 0.07
1.57% 5.20% 2.66% 4.54% 7.29% 5.55%
Southwest 0.63 0.63 0.63 0.63 0.63 0.63
9.69% 9.68% 9.69% 9.69% 9.69% 9.69%

"8 variable or scenario definitions are found in M@menclature section

9T¢
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7.2.5.2 National and Regional Energy and Nutrient Use Respto GHG Pricing
In addition to water, shifting land managementegrats can boost intensity of
production and use of fossil fuels and nutriengg Hre also valuable inputs in the
production process. Tables 33-36 display annualiszdent changes in input use,
regionally and nationally, in total and per-acnerte. Given the amount of data
presented here, | choose to display intensity &ffer the $30/tCge case only.
» Fossil fuel use decreases across most region/midtigacenario combinations in
response to higher fuel costs imposed by the policy

o Electricity use declines significantly in some &g, but is boosted by
higher irrigation rates in others (Southwest andaBPlains)

o Total diesel and gasoline use decline significandtionally and for most
regions under full and limited offset scenario®(8outhwest is the one
exception here, as cropland expansion in this regiduces additional
input use).

0 These results are mostly consistent on a per-agis,as energy intensity
per-acre falls at a national level for all fuelg blectricity (increased per-
acre electricity use is driven in part by groundsvggumping in the

Southwest region)
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» Total N fertilizer use increases significantly ass@ll offset eligibility scenarios,
ranging 3-9%. Phosphorous and potassium use iresedstantially, ranging
9.6%-18% and 21.4%-32%, respectively.

» The Lake States and South Central regions reducseMverall but use
higher levels of P and K, primarily driven by a lnéy proportion of
soybean production (soybeans typically have loweaphlication rates
than other major grain commodities)

* Unlike the change from baseline to the RFS2 whespland expansion
was accompanied by a reduction in per-acre N iitiemaitigation boosts
per-acre intensity nationally and for most regioftse implication here is
that cropland contraction is accompanied by absa@ad marginal shifts
in nutrient application, or movement from the exsiga margin to the

intensive margin on the production frontier.



Table 33: Percent Change in Total Input Use under &l Offset Eligibility "°

Percent change in regional input use at $30/tCGgefull offset eligibility (annualized)

Nitrogen  Phosphorous Potassium Diesel Elagtric Gasoline  Natural Gas
Corn Belt 4.53% 18.53% 25.46% -6.55% -9.86% -3.89% 5.73%
Great Plains 2.10% 2.20% 69.31% -2.57% 3.39% -0.07% -0.34%
Lake States -4.14% 4.48% 38.82%  -12.15% -33.52% .4722 -41.21%
Northeast 6.36% -5.53% -4.10% -2.81% -11.51%  -2%.93 0.00%
Pac. Northwest 2.09% 4.95% 195.41% -4.94% 8.61% 109%. 0.00%
Pac. Southwest 2.71% 4.63% 105.63%  -14.89% -94.64%0.77% 0.00%
Rocky Mts. -0.72% 2.61% 34.04%  -12.47% -0.89% 1907 2.36%
South Central -20.66% -9.09% -16.04%  -38.34% B3 -27.40% -44.28%
Southeast 17.84% 23.16% 16.98% -4.88% 7.71% -0.85% 0.00%
Southwest 43.49% 54.43% 216.86% -0.57% 12.15% 122.4 0.00%
TOTAL 3.25% 9.62% 22.36% -8.88% -1.64% -7.43% -39%63

Percent change in regional input use at $30/tCQftefull offset eligibility and CRP (annualized)

Nitrogen  Phosphorous Potassium Diesel Eléstric Gasoline  Natural Gas
Corn Belt 3.63% 17.55% 24.03% -7.06% -10.78% -4.61% 3.57%
Great Plains 7.21% 7.90% 73.16% 2.98% 7.57% 8.85%  .12%
Lake States -5.76% 2.79% 36.54%  -13.93% -46.52% .9728 -52.45%
Northeast 5.54% -6.20% -4.74% -3.68% -11.91%  -23.33 0.00%
Pac. Northwest 5.42% 9.27% 215.54% -1.61% 4.18% 692.8 0.00%
Pac. Southwest 2.81% 4.68% 95.59%  -14.39% -94.68%0.24% 0.00%
Rocky Mts. 6.14% 8.41% 42.45% -6.48% 1.36% 4.25% 15%
South Central -22.11% -10.23% -17.29%  -40.11% 2B&%  -29.60% -44.75%
Southeast 17.21% 22.95% 16.77% -4.44% 7.19% -0.94% 0.00%
Southwest 40.09% 52.24% 209.17% -2.51% 10.99% 1¥8.5 0.00%
TOTAL 4.41% 10.93% 21.45% -7.47% 1.08% -6.39% -8861

Water
3.01%
4.64%

-36.969
-10.389
9.759
-1.199
1.289
-38.664
5.84%
9.679
-2.10%

Water
1.19%
8.53%

-49.159
-10.759
5.709
-1.069
2.10%
-38.66
5.95%
9.679

-1.15%

" variable or scenario definitions are found in M@menclature section
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Table 34: Percent Change in Total Input Use under Bstricted Offset Eligibility *

Corn Belt
Great Plains
Lake States
Northeast

Pac. Northwest
Pac. Southwest
Rocky Mts.
South Central
Southeast
Southwest
TOTAL

Corn Belt
Great Plains
Lake States
Northeast

Pac. Northwest
Pac. Southwest
Rocky Mts.
South Central
Southeast
Southwest
TOTAL

Nitrogen Phosphorous Potassium
4.81% 18.65% 25.78%
2.14% 1.82% 57.36%
-5.97% 9.04% 45.04%
34.16% 22.09% 25.07%
1.64% 3.82% 195.92%
2.29% 4.37% 101.16%
-1.46% 2.21% 35.36%
-17.40% -A4.77% -12.08%
14.80% 19.19% 13.78%
46.78% 62.34% 234.74%
4.06% 11.48% 24.57%
Nitrogen Phosphorous Potassium
5.02% 18.42% 22.23%
1.78% 1.43% 44.48%
4.66% 20.65% 55.40%
134.97% 118.45% 125.11%
0.64% 0.57% 134.14%
1.85% 4.42% 92.42%
-2.12% 3.80% 45.01%
-1.60% 15.05% 3.85%
30.85% 42.61% 32.97%
41.08% 59.03% 221.28%
8.99% 18.00% 31.98%

Diesel

-5.91%
-2.48%
-5.97%

20.25%
-4.85%

-11.83%

-12.86%

-36.23%

-4.19%
1.51%
-71.37%

Percent change in regional input use at $30/tCQftenw offsets (annualized)
Diesel

-0.84%
-1.97%
14.63%

111.87%
-0.26%
-3.64%

-13.60%
-4.25%
17.29%
14.88%
2.22%

Percent change in regional input use at $30/tCQfelimited offset eligibility (annualized)

Elegtric Gasoline Natural Gas
-10.97% -3.21%  2.77%
2.05% -0.54% -1.13%
-32.07%  43P%. -40.99%
15.77% 8.79% 0.00%
6.75% 099. 0.00%
-94.47%-0.62% 0.00%
-0.57% %4 -5.04%
%3 -26.11% -38.32%

5.80% -4.27% 0.00%
9.92% 21.25% 0.00%

-1.61% -6.60% 93%
Elegtric Gasoline Natural Gas
-10.15% -290%  2.32%
-3.41% .21 -1.27%
-48.47%  25%2. -53.48%
105.45%02.99% 0.00%
1.78% 19%.2 0.00%
-94.68% .15% 0.00%
-1.44%  31% -21.48%
-19.08% 17.70% -28.51%
10.94% 19.53% 0.00%
9.95% 8.65% 0.00%
-4.55% -2.32% -0662

Water
0.53%
3.51%

-36.05%
16.60%
7.119
-0.86%
0.50%
-31.609
5.20%
9.68%
-1.81%

(=)

Water
0.11%
-0.77%
-50.62%
104.91%
0.86%
-0.229
-0.859
-23.95%
7.29%
9.69%
-2.38%

8 variable or scenario definitions are found in M@menclature section
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Table 35: Percent Change in Per-acre Input Usender Full Offset Eligibility 2

Percent change in per acre regional input useGit@32e with full offset eligibility (annualized)

Nitrogen Phosphorous Potassium Diesel

Corn Belt 3.31% 14.73% 9.36% -14.55%
Great Plains 3.09% -0.86% 70.78% -42.95%
Lake States -8.20% 13.81% 21.97% -27.98%
Northeast -18.03% 15.25% -16.79% 16.80%
Pac. Northwest 2.39% 2.50% 188.21% -67.02%
Pac. Southwest 2.74% 1.84% 101.91% -57.85%
Rocky Mts. 2.62% -0.01% 34.06% -34.70%
South Central -9.02% -0.07% -15.98% -26.62%
Southeast 9.47% 12.51% 3.97% -8.52%
Southwest 1.79% 51.73% 108.84% -52.39%
TOTAL 0.56% 9.01% 12.24% -18.82%

Nitrogen Phosphorous Potassium Diesel

Corn Belt 1.45% 15.87% 7.04% -13.17%
Great Plains 8.25% -0.33% 73.73% -40.72%
Lake States -19.24% 27.29% 7.27% -19.76%
Northeast -54.34% 105.42% -53.63% 107.72%
Pac. Northwest 5.43% 3.65% 204.44% -67.68%
Pac. Southwest 2.81% 1.82% 92.09% -55.43%
Rocky Mts. 8.08% 0.31% 42.02% -34.15%
South Central -24.77% 19.32% -30.68% -13.61%
Southeast -7.66% 33.15% -12.30% 8.97%
Southwest 1.37% 50.19% 105.86% -52.64%
TOTAL -3.81% 15.32% 5.32% -12.15%

Percent change in per-acre regional input use@t®32e with full offset eligibility and CRP (anriizzd)

Elegtric  Gasoline Natural Gas
5.49% -8.89% 6.09%
81.22% .8644 80.74%
-7.69% .01%6 -30.00%
-24.24% 3%.7 0.00%
229.29% -69.66% 0.00%
-87.29% 680.55% 0.00%
51.79% 9C8% 59.70%
-1%.54 -18.84% -31.35%
17.74% -15.79% 0.00%
135.56% .0448 0.00%

21.16% -23.60% .02%

Elégtric ~ Gasoline Natural Gas
2.75% -7.17% 1.572%
81.47% .0240 75.25%
-33.35% .08%4 -58.32%
-57.59%  0.7%% 0.00%
222.37% -68.09% 0.00%
-88.06% 35.38% 0.00%
53.93% B2 55.26%
.7 -8.85% -39.39%
-1.64% 0.71% 0.00%

134.37% 5784 0.00%
15.05% -18.64% 3.92%

Water

-23.13%

Water

1.79%
1.889
-3.029

1.979
-1.249
1.139
-12.739
1.61%
-0.19%
0.57%

-0.62%
0.469
-1.439
0.259
0.459
-0.969
0.56%
-2.099
0.92%
-0.24%

0.85%

81 variable or scenario definitions are found in M@menclature section
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Table 36: Percent Change in Per-acre Input Use und&estricted Offset Eligibility &

Percent change in per acre regional input use@t®&32e with limited offset eligibility (annualizgd

Nitrogen  Phosphorous Potassium Diesel Eléstric Gasoline  Natural Gas
Corn Belt 3.59% 14.54% 9.82%  -14.32% 3.91% -6.85% 0.33%
Great Plains 3.13% -1.27% 59.38%  -38.81% 66.79% .3740 65.80%
Lake States -9.95% 21.08% 19.78%  -21.50% -13.47% .58% -38.16%
Northeast 3.39% 18.09% 5.92% 13.54% 1.97% 6.68% 0%.0
Pac. Northwest 1.94% 1.85% 190.55%  -67.25% 226.00%69.35% 0.00%
Pac. Southwest 2.32% 2.00% 97.21%  -55.29% -87.64993.82% 0.00%
Rocky Mts. 1.86% 0.35% 34.89%  -35.40% 53.92%  3%9 53.00%
South Central -5.28% 0.54% -12.55%  -27.08% 3.81%28.82% -13.35%
Southeast 6.65% 11.76% 1.81% -5.89% 12.43%  -14.86%  0.00%
Southwest 4.12% 55.91% 114.69%  -52.72% 132.47% .844% 0.00%
TOTAL 1.35% 10.00% 13.25%  -18.21% 20.30%  -22.36% 3.69%
Percent change in per-acre regional input use@t®®2e with no offsets (annualized)

Nitrogen  Phosphorous Potassium Diesel Elegtric Gasoline  Natural Gas
Corn Belt 2.81% 15.18% 6.12% -6.56% -3.84% 0.97% 33%
Great Plains 2.76% -1.29% 46.37%  -33.02% 44.22% 1984 45.60%
Lake States -10.31% 34.53% 15.52% -0.77% -48.07% .9968 -712.47%
Northeast 1.66% 114.89% 476%  102.25% 1.58% 99.83%  0.00%
Pac. Northwest 0.64% -0.07% 134.30%  -57.43% 139.08%58.09% 0.00%
Pac. Southwest 1.85% 2.52% 87.69%  -48.66% -89.63%63.28% 0.00%
Rocky Mts. -0.34% 4.15% 39.24%  -37.94% 58.82% 53% 39.05%
South Central -4.95% 21.04% -14.20% 11.60% -27.49%13.49% -37.01%
Southeast 3.09% 38.34% -3.88% 22.02% -9.08% 31.47%  0.00%
Southwest 2.08% 55.79% 106.23%  -44.29% 97.37% 9544. 0.00%
TOTAL 0.42% 17.51% 12.32% -8.99% 4.88% -6.86% -B%67

Water
-0.67%
0.78%
-1.62%
0.01%
-0.48%
-0.92%
0.359
-2.68%
1.00%
-0.179
0.87%

Water
-32.78%
5.18%
-29.09%
142.26%
-48.76%
-64.68%
-47.65%
-7.57%
-26.37%
-28.779
-30.70%

82 v/ariable or scenario definitions are found in M@menclature section
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7.2.5.3 Implications for Water Quality

As with the previous chapter, it is important tegen mind that minor changes
in regional nutrient use can significantly impaatment constituents in ground and
surface water supplies at different rates tharotreall change in nutrients applied. For
instance, under the full offset case | find eviden€increased nutrient use, but
subsequent pollution decreases (Table 37) at higheprices. This is due to the
regional distribution in changing crop managemeatfices. Notice that N and P use
decline substantially in the South Central (or Misgpi Delta) regions, where nutrient

runoff is quite high.

However, under the limited and no eligibility scang, nutrient use and
pollution are impacted heavily by the magnitudehef carbon price. At lower prices
($15-$30), cropland expansion under the limitedilility regime increases pollution,
but this effect is reversed completely at $50/4€.0Sources of nutrient pollution
increase significantly under the no offsets casétdper off at $50/tCg, reflecting
higher input costs. This result indicates thatrarg} push for bioelectricity derived from

AF sources could exacerbate existing water queditycerns.
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Table 37: Environmental Impacts of Mitigation Scenaios (Annualized Percent

Deviation from Base§>

N Subsurface NO3 Loss Percolation P Loss in P Loss
Loss Runoff N Loss Runoff Sediment

Full Offset ($15/tCO2e) -0.51% -0.57% -2.51% -0.52% 0.24%
Full Offset ($30/tCO2e) -4.39% -5.38% -7.97% 3.21% -18.40%
Full Offset ($50/tCO2e) -10.56% -13.90% -14.14% 2.62% -38.149
Full Offset with CRP

($15/tC0O2¢) 0.60% 0.39% -1.55% -0.72% 1.21%
Full Offset with CRP

($30/tC0O2¢) -2.88% -4.59% -6.28% 2.88% -16.42%
Full Offset with CRP

($50/tC0O2¢) -8.71% -13.36% -12.44% 1.06% -35.15%
Lim Offset ($15/tCO2¢e) 11.23% 1.38% -0.59% 2.33% 3.50%
Lim Offset ($30/tCO2¢e) 13.89% -2.89% -5.38% 8.79% -16.53%
Lim Offset ($50/tCO2¢e) -11.19% -12.91% -12.62% 7.52% -34.929
No Offset ($15/tCO2e) 47.03% 2.65% 3.85% 7.07% 7.75%
No Offset ($30/tCO2e) 45.76% 2.40% 3.87% 8.84% 6.82%
No Offset ($50/tCO2e) 30.96% -1.93% 1.39% 8.92% -4.03%

7.3 Conclusions

The results found here imply that:

» AF can play a significant role in the U.S. GHG a&maént portfolio, but not fully

pricing all forms of emissions and sequestrationamby reduces mitigation

potential, but it can lead to indirect environméwgtzeffects,

* Forest management and afforestation incentivesaappeessary to achieve high

domestic abatement levels

» Cropland contraction and adoption of mitigatioratdgies pressure commodity

markets, boosting output prices and producer welfar

» Consumers would likely face higher food prices uraleap-and-trade regime, in

addition to higher energy prices

8 variable or scenario definitions are found in M@menclature section
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Higher prices and adoption of mitigation activitesnge long-term management
strategies, reduce exports, and influence globataltural markets (likely leading to
leakage internationally) For some crops such as and wheat, export changes here
are twice as great as those brought on by the REB2

Depending on the scope of the mitigation policysped, cropland use can expand or
contract; forestland will likely increase,

Land use change is also affected by mitigatiortesias; internalizing the carbon
costs of land use transitions can reduce forestdpland transitions, but boost
cultivation of pasture and conservation lands. Gnogh and pasture afforestation
transitions are extremely valuable mitigation opsipbut reduced output
domestically raises international leakage concerns,

Water use declines at a national level, but mitigaéfforts boost water use intensity
in regions with existing water scarcity concerns,

Other management intensity responses include iseced, P, and K applications,

both in absolute and per-acre terms.
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CHAPTER VIII
ASSESSING THE IMPACT OF BIOFUEL MANDATES AND
OFFSET ELIGIBILITY RESTRICTIONS ON THE COSTS OF
COMPREHENSIVE CAP-AND-TRADE: AN INTEGRATED

MODELING APPROACH

8.1 Introduction

This chapter extends the previous mitigation resoiitthe previous chapters to
illustrate how the total costs of economy-wide Ghtéatement in the U.S. under
comprehensive climate legislation can be affectetlibfuel mandates and offset
eligibility restrictions. To understand how politactors that limit terrestrial mitigation
potential could change the full costs of GHG abatetna reduced form emissions
trading model of the U.S. economy is developeds hinodel combines important
information from other sector-wide economic simatmodels and be can be used to
simulate GHG abatement, permit trading, and ofisethases under two recently
proposed climate bills with unique provisions, H&2 or Waxman-Markey (W-M),
and S 1733, or Kerry-Boxer (K-B). The following siea provides some background on
GHG emissions trading and the welfare effects ditj@s impacting offset supply or

compliance obligations.
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8.2 Background and Study Objectives

The following diagrams provide a conceptual basigtiis modeling approach.
Figure 51 displays a case in which in overall caplaced on emissions where one
emitter with a marginal abatement cost schedule QY1and emissions compliance
obligations defined as the difference between ln@seimissions and the cap. In an
economy represented by one aggregate emitter,abogément costs will be equal to the
area under the marginal abatement cost curve éofulthrange of emissions compliance

(represented by ardg.

$/tCO,

MAC

A ="Total Abatement Costs

Base Emissions— Cap = Net Abatement

Sectoral Marginal GHG Abatement Costs
Figure 51: Abatement costs without emissions tradup
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Now, consider a case more consistent with compherclimate legislation. In
the presence of a cap-and-trade system econonurytdetates that trading will
commence until the marginal abatement costs amaitters have been equilibrated.

This equilibrium point represents the market pfaepollution permits. The logic is
similar in the case of offsets, as marginal abateroests from the representative emitter
should equilibrate to the market price for offS@ssuming no restrictions on offset

provisions).

Figure 52 displays this scenario in a simple fonmwvhich there is one emitter
with a marginal abatement cost curtd¥C), and one offset supply sourc@s). The
distance between the two vertical axes represhatttal emissions reduction that must
occur for the emitter to be in compliance underdag (the difference between base
emissions and the cap). In the absence of an offadtet, the emitter would bear the
full costs of compliance, or the entire area urilerMAC curve (represented by the sum
of areadA, B, andC). In the presence of an offsets market, the entieis the option to
purchase offset credits, thereby reducing totalscoscompliance. The total costs of
abatement in such a case would be the sum of dzeuerderneath the MAC curva)(

and offset supply curveB], respectively. This increases economic welfar¢hleyareaC.
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$/tCO, $/tCO,
MAC
0S,

C

1

1

1

A i B \
1

Base Emissions— Cap
=Net Abatement

A 4

Sectoral Marginal GHG Abatement Costs

D Marginal Cost (Supply) of Offsets
Figure 52: Equilibrium condition for allowance and offset markets

Using this framework, policy efforts that boost tharginal costs of supplying
offsets will raise total mitigation costs (unlebg policy simultaneously and
equivalently decreases abatement costs for theezmiAs Figure 53 shows, more
expensive offsets (i.e., increasing the slope efdaffisets curve t@S) increase total

abatement costs by the afearelative to the prior case.
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Figure 53: The effect of higher offset costs on tat abatement costs

Now consider a restriction on total offset supplssch as legislative provisions
in the W-M and K-B bills that limit total offset afor compliance purposes. This
scenario is illustrated by Figure 54. If the useff$ets for compliance purposes is
restricted, it is possible that this introducegiagydiscontinuity between the offset price
(OP) and the allowance pricAP). Such a restriction raises total abatement costs
relative to a scenario where offsets are unrestties a higher portion of the mitigation
portfolio will come from abatement actions takenthg emitter. Abatement costs under
a “low cost” offset regime ard&+B+C+D. Raising the marginal costs of offsets
increases total abatement costs further (by Byebut notice that this relative shift in

total costs is smaller when offsets are restritt@th when left unrestricted. Thus,
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legislative provisions limiting total use of offsdbr compliance can impact GHG
abatement costs in addition to policy-induced shiitthe supply of offsets. However,
such limits also serve as a buffer against oveaimeé on offsets, which can be fraught

with problems such as violations of additionalititerion.

$/tCO, $/tCO,
Offset Supply
Restriction
0, <€
1
: MAC
(ONY! |
|
AP e g n NG s oo
1
D, Market Price
C I Discontinuity
1
1 E N L
| )
1 1
A 1 B 1
1 1

Figure 54: Restricting total offsets

Now, consider a case in which the external politgcts the marginal cost of
offsets and overall compliance costs simultaneoustis dissertation has shown that
biofuel expansion can increase the cost of domeffet supplies, but the existence of
such mandates should reduce emissions relativedopalicy condition. In this case,

two welfare effects must be considered, 1) theedft®st impact of biofuel mandates,
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and 2) decreased abatement costs from lower conggliabligations for the
transportation sector when biofuels are mandatedadforth referred to as the biofuel
emissions reduction effect). This scenario is thait®ed by Figure 55. The top portion of
the figure represents abatement costs under bgsasassual conditions. Notice here that
compliance obligations are higher than the RFSBaie depicted by the bottom
portion of the figure as there is no emissions céida effect of biofuels (thus, a greater
source of abatement is required in the baselimeget the cap). With biofuel mandates
(represented by the bottom figure), compliancegattions are lower as baseline
emissions are reduced by the emissions reductibiobiels. However, the marginal
costs of offsets increase. Total abatement costseflected byA; + B, + C,. Thus, one
must compare areds + B; with A, + B, + C, to determine the welfare effects of a

mandate when baseline emissions are adjusted kantfssions reduction of biofuels.
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Figure 55: The abatement cost implications of a pmly impacting different offset
supply and total compliance obligations
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8.2.1 Objectives

In this study I directly measure the impact of belfmandates or offset
eligibility restrictions on the compliance costsoafp-and-trade legislation using a
reduced form model of GHG mitigation in the U.Somamy. The problem with
concentrating solely on the implications of biofpelicies on natural resource systems
and markets is it ignores the economic welfare icagibns such policies present in
other markets and/or sectors of the economy. Fameike, there is an emerging
literature that discusses the welfare effects obws biofuel expansion policies on fossil
energy markets and overall fossil fuel consump(@eGorter and Just, 2009).
However, FASOMGHG cannot isolate any of these welfapacts as it is a partial
equilibrium model with no energy sector represeatatOther partial equilibrium
models offer a very detailed look at the energy tadsportation sectors (such as the
National Energy Modeling System, or NEMS), but failprovide a general equilibrium
view and do not explicitly account for external iggition from offsets. Furthermore,
models such as FASOMGHG and NEMS usually requineesexogenous policy input
variable to simulate abatement responses to cgrbom incentives (thus, allowance

prices are not solved for endogenously).

Computable general equilibrium models can avoid shiortcoming by capturing
welfare effects of policies that crossover multipéetors of the economy (EPA, 2010b;
EPA, 2009). In a climate mitigation context, suchdals can solve for sectoral
abatement and implied allowance prices endogenauslg an economy-wide cap on

emissions has been imposed. However, these modelstadontain the level of sectoral
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specificity and abatement options represented fitigh@quilibrium models, and

generally do not fully capture resource consump#od investment decisions.

This study attempts to bridge this modeling gapnoprporating the most recent
data available on mitigation opportunities in fé$sel intensive economic sectors and
offset availability in agriculture and forestry ané& reduced form model of the U.S.
economy that simulates emissions trading. Spedifidause the Duke University
Emissions Trading Model (DUET) to simulate emissitrading using sectoral
abatement costs and offset supply information sa@gdy the Nicholas Institute version
of NEMS (NI-NEMS) and FASOMGHG model, respectivehis study is a unique
attempt to isolate the effects of biofuel policeéesl offset market restrictions on the

costs of GHG abatement within the U.S.

8.3 Duet Model Overview

DUET is fully dynamic and can simulate economy-wildG emissions trading
in the U.S. under alternative cap-and-trade schdmedlowing flexibility in different
legislative provisions such as cap stringency,etffsovisions, or sectoral
inclusion/exclusion from the cap. DUET minimizes total costs of economy-wide
abatement inter-temporally by allowing pure mitigat(emissions reduction), emissions
permit trading between capped sectors, and théhpsecof offset credits from domestic
and international sources. In addition, DUET alldasbanking and borrowing of
emissions permits. Consistent with legislative jBmns, entities can bank emissions

permits (credits) indefinitely, and can borrow frémure compliance periods (though
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these must be paid back at a premium at a late).das the model operates in a
discrete-time optimal control fashion, the stoclbahked credits that can be used for
compliance and baseline emissions from each sactdreated as state variables.
Allowing banking and borrowing gives the model éusion in which equilibrated
permit prices rise at the internal rate of discqumthis case, 5%).

8.3.1 DUET Mathematical Structure

Use of MAC curves to simulate emissions tradindgrat across comprehensive
cap-and-trade policies has been prominent in tbaauics literature (Atkinson and
Tietenberg, 1991; Boehringer et al., 2004; Ros#d.€4998; Rose and Zhang, 2004;
Stevens and Rose, 2002). DUET follows a similarceptual structure as other existing
models used to simulate emissions trading throbghuse of exogenously determined
marginal abatement cost curve parameters. ElleandrDecaux use country-specific
MAC curves derived from the MIT-EPPA model to siletigl emissions trading in a post-
Kyoto Protocol environmental under a number ofedight policy assumptions
(including an all-inclusive global trading schenmnpared to trading among OECD or
Annex B countries only). Boehringer et al., 20@elop a static emissions-trading

model used in the European Union, also with cougprgcific MAC curves.

DUET's inclusion of banking and borrowing possitids mirror the dynamic
structure of the emissions trading model presebyel@ubin, 1996, an optimal control
model developed to illustrate the effectiveneskastking and borrowing provisions at

reducing compliance costs of a cap-and-trade sysiswell as lowering social damages
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of a pollutant’. Other analyses have employed dynamic emissiading models with
country-specific MACs to address international @tenmitigation potential under
alternative post-Kyoto scenarios (Brandt and R2682; Rose and Zhang, 2004). This
study employs a similar empirical approach at #gonat level to address the costs of

U.S. mitigation under alternative policy and markgtres.

The DUET model has a flexible mathematical struzthiat allows for emissions
trading over some time interviglbetween different sectors of the econopyand
offsets are supplied to the market from multiplarses k). Currently, thg capped
sectors of the economy include residential, comrmakriadustrial, petroleum refining,
and transportation. This sectoral disaggregatictudes all major sectors that would fall
under recent climate mitigation proposals, and Wwiaie the sources of the
overwhelming majority of anthropogenic GHG emissiamthe U.S. NI-NEMS has a
detailed representation of fossil energy consumptidhese sectors, and explicitly

accounts for emissions from those activities.

Offset supply sources currently include domesticS(Yand international to be
consistent with legislative provisions restrictithg total use of offsets for compliance
purposes. Offsets include those from AF and noraétivities. Each offset source
(domestic and international) has a separate sdppbtion that depicts the marginal cost

and legislative provision (restriction) of each sumu

8 DUET operates in discrete time, while analyticald®l operates in continuous time.
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Several parameters are included in DUET to depifdrént conditions that vary

with specific climate legislation provisions or extal policies impacting the marginal

costs of offsets (such as biofuel expansion oreb#igibility restrictions). Emissions

from biofuels are accounted for explicitly in tliarisportation sector baseline, consistent

with EIA projections. Important parameters in DUECIude:

1.

2.

CAP; = Aggregate emissions cap for the entire U.S.

CAP projections come from EPA estimates, and cay fvam bill-to-bill
Base_Emit; = Baseline (projected) emissions by sector and tiwe

Emissions projections come from the U.S. Energgrimfition Administration
(EIA, 2009)

Targetj; = This is an arbitrary initial allowance endowmesed to initiate
trading and sectoral abatement decisions. Thigluigés the emissions cap
evenly across all sectors of the economy basedadm gectors proportion of total
baseline emissions.

Off_available; = Sets a limit on the number of offset credits et be
purchased from each offset source (domestic, iatemal).

These values are set exogenously to mimic offsstipions in legislation (e.g.
HR 2454 allows for 50-50 split between domestic emternational offsets with a
2 billion tonne CQ limit annually, Kerry-Boxer is 75:25 domestic:imational

split, with the same total cap on offsets)
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8. a; = Marginal abatement cost curve parameters consigiémthe estimated

abatement portfolio of each sector. MAC cuvestafte a variety of functional
forms. DUET has options for linear, logarithmicdgmolynomial MAC

functions.
9. B, = Offset supply parameters
10. ¢ = Premium placed on emissions borrowed from futoregiance periods.
11.In HR 2454 W-M, this is 8% for permits borrowedyears 2-5 (no premium for
year one)
12.r = Discount rate (5%)

DUET operates in an optimal control fashion, anzdudes state variables that
evolve dynamically according to chosen abatementiges (including the emissions
“bank” as described below). Endogenous variabld3UET include:

1. Abate; = Efficient level of abatement, or pure emissiceduction in time period

t for each sector.

2. Permit_sell; = Emissions permits sold by tife sector for compliance in another
sector. The variable transfers the right to enaitrfrone sector to another.

3. Permit_usg; = Emissions permits bought by tfesector and used for
compliance purposes in tine

4. Permit_bank;; = Emissions permits bought by tfesector and banked for

compliance purposes in later time periods.
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5. SR_borrow;; = Emissions permits borrowed from short run perifas
compliance purposes in peribdin Waxman-Markey and Kerry-Boxer, emitters
can borrow one year into the future without payangremium for borrowed
allowances in the following year). Borrowed emissigpermits must be paid
back in the future compliance period from which ¢émeitter borrowed. So, in the
case of short run borrowing, the emitter facessely@e emissions profile that
includes borrowed permits from period t-1 in additio baseline compliance
obligations.

6. LR _borrow;; = Permits borrowed from long run periods (in W-M cabese are
permits borrowed in periods t+ 2, ..., 5). Therans8% premium for borrowing
these permits—1 permit borrowed for use in tineduces availability of 1.08
permits in the future compliance period from whibh permit was borrowed).
Thus, this is a compliance transaction where “gd€ris paid in credits.

7. Offset_usg; = Offsets bought by thid" sector and used for compliance purposes
in timet.

8. Offset_bank;; = Offsets bought by thid' sector and banked for compliance
purposes in later time periods.

9. Bank_useg; = Permits or offsets bought and banked in prevtous periods (t =
t-M, ..., t) used for compliance purposes metiperiod t

10.Bank_Stockj; = Sets aside permits or offset credits to be usedater date.

This stock changes over time.

11. Offset_sell,; = Offsets sold by th&™ source in time periotl
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12. MAC;;; = Marginal abatement cost in peribbr theij™ sector

13. Offset_Py; = Offset price by source for time perivd

14.Permit_P; = Market-Clearing emissions permit price at tinfm $/tCQ)

The following algebraic structure solves for mar&ketaring conditions in DUET:

(Equation 28) Total_ Compliance=>"

Emissions for Compliance Obligation Equates baseline emissions plus any
additional compliance obligations due to shortamg-term borrowing. Here,
baseline emissions are exogenous parameters,thlietoissions for compliance
obligations (Cap — Emissions) evolve accordingheamount of emissions
permits borrowed (short or long run). Thus, emissiceductions occur relative
to a revolving baseline that is a function of barirng decisions over the time

horizon.

Base_ emit+ SR borrgy,,

J

[t

t=t-5

e +(§ LR_ borrow, (l.Oatj

Permit Balance: Balances permits purchased in tinweith permits sold,
ensuring no excess supply or demand of tradableséoms permits on the

market in all time periods (Walrasian equilibrium)

J Permit_ use + Permit bank) = J Permit sell O
. & = J

(Equation 29) i= i=

Offset Balance:Balances Offsets purchased with those sold in time
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J K
Z(Oﬁset_ usg+ Offset ba[g&:z Offset gell O
(Equation 30) = k=1

« Abatement Function: Determines the efficient level of abatement farjth
sector using a parametric representation of margin@ement costs. This
expression says that at a particular level of abate for thg" sector, the
corresponding marginal abatement cost (equivatetitd allowance price) would
be MAG;.

(Equation 31) MAC; =a; Abate [ |1

» Offset Price Function: Similar to the previous equation, this Here, we as

general parametric function describing the suppleftsets that would be

available at pric©ffset R

(Equation 32) Offset_BR, = B Offset_sell,

» Offset Price Discontinuity: As domestic and international offset sources are
subject to legislative provisions, it is possiliatithe supply of one of the two
offset source could be exhausted in this modeliagnéwork. To handle this
discontinuity, | add an arbitrary variable reseutto the positive domain that
allows the domestic offset price to continue tovgeven after the allowable

supply of cheapest source of offsets has been ooecu
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(Equation 33) Offset_ Ryomesic = Offsel R cnatona 4

* Permit Price Function: This equation denotes a market-clearing permaepri
that is equilibrates marginal abatement costs diisetgrices across all
sectors/source$€rmit_R). To account for the possibility that emitters awbt
the total source of offsets as stipulated by polarnother arbitrary variable is
included here to deal with this potential discouitiy in prices between offset

and emissions permit markets.

(Equation 34) MAG,

= Offset. P+A, = Permit [
* Max Offsets : Sets a limit on offset sales by source to be ctersisvith
legislative restrictions.

(Equation 35) Offset_ se|} < Off_ available [T Kk

* Bank Stock Equation: Here, the stock of permits banked by capped seor
treated as a state variable. As each sector cdngsamits or offsets purchased
in any givent and store them indefinitely, this equation illasés the dynamics
of permit “banking”. Beginning with the previousrpal’s (t-1) stock of banked
emissions permits, the rate of change in stockeahipeis equal to the amount of
permits coming in, less those that are consumeddimpliance purposes in time

periodt.
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Bank_ stock, ,, - Bank uge

Bank_ SO = | permit_bank + Offset bag "
(Equation 36) ermit_ bank set ban

* Net Emissions BalanceThis summarizes all abatement and permit/market
offset activities. For borrowing, | sum over alhfprun borrowing in the
preceding 5-2 years, and divide by 4, which is aentactable programming

approach than trying to assign long-term borrowmgpecific years.

(Equation 37)
Base_ emit

—Abatg,
—Permit_use - Offset uge- Bank uyse
Net_ emif, =| -SR_ borroy — LR_ borroy

2 _
> LR borroytv(l.OE)_tj

t—
t=t-5

+SR_ borrov, ,, +(

+Permit_ sell,

* Emissions Cap BalanceThis equation ensures that the economy-wide cap on
emissions binds. Thus, net emissions across dthrseare equal to the cap (net
emissions includes all deviations from the baselirecluding abatement,

offsets, and permits, banked or borrowed).

J

Net_emi < Cap [
(Equation 38) i=
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* Objective Function: Minimize the net present costs of abatement:

(Equation 39)

Abatg,

) i [ (a,Abatg ) dAbate
min(Total_Cos) =Y '™ ° (L+r)"

rr: Offset_ sef,

i I (B.Offset_ sell,) dOffset sell

8.3.2 Data and Development

The DUET model uses explicit information on progetemissions for multiple
sectors of the economy that are consistent witlrggnkiformation Administration
projections and projected emissions caps proviggarposed legislation. Since NI-
NEMS can only simulate time horizons ending in 2Q80jected emissions were
extrapolated beyond using the average percentageehin emissions by sector
projected between 2012 and 2030. Figure 56 displas projected emissions (for all
capped sectors in the U.S.) over time, relativinéocaps imposed by W-M and K-B.
The difference between projected and capped ems#in2050 represents a shift of
approximately 6 Gigatons of GOmore than an 80% reduction in total projected

emissions.
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Figure 56: Net emissions projections relative to #aW-M and K-B caps®

To derive marginal abatement cost curve (MAC) patams for each sector, the

following steps were taken:

1) NI-NEMS was used to assess mitigation in the regidle commercial,
industrial, and transportation sectors in respeasecarbon price sigrfl
Mitigation in NEMS includes energy switching, adoptof renewable
energy, direct reductions in energy consumptiachrielogy switching in
power generation, and retrofitting of power plaioiscarbon capture and
storage adoption. Seven different mitigation scesawere run through
NEMS to provide a comprehensive assessment of atiibig potential at

various points in time for different magnitudestod CQ price (initial CQ

8 variable or scenario definitions are found in M@menclature section
8 NEMS is a widely applied model in energy polidyor more information, please refer to:

http://www.eia.doe.gov/oiaf/aeo/overview/
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prices were varied arbitrarily from $5-$36/t¢)OPrices were imposed
beginning in 2012, rising at 5%. This provides empoehensive range of

CO2 prices consistent with recent climate policglgses.

2) Total mitigation potential for the U.S. was disagggited into the economic
sectors mentioned previously.

3) The difference in baseline (projected) emissiors@mputed emissions
across simulations were captured for each sceaadasector to match total
abatement with each exogenous @@ce point.

4) Marginal abatement cost curves parameters wereetkby regressing the
CO2 price on total sectoral abatement. Severalimmal forms were tested,
as were time trends. For simplicity and consisteamrpss sectors | use linear
MAC curve specifications, with the intercept sethe origin. Parameters are
listed in Table 38:

Table 38: Linear MAC Parameters Estimated Using NENS (EIA, 2009§"
Linear MAC Coefficient

Transportation 0.7899

Residential 0.1528

Commercial 0.1405

Industrial 0.2667

Refining 1.1544

*Dependent variable = Price ($/tC®)
*Explanatory variable = Abatement quantity (Millia€0O.e)

87 variable or scenario definitions are found in M@menclature section
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Data points used to estimate MAC parameters amalied by Figure 57. The
highest marginal costs of abatement are foundanéfining and transportation sectors
(which includes emissions from residential vehicse), due to the amount of fossil
energy consumed in these sectors and the high @bistisastructure improvement
required to achieve meaningful emissions reductibriistrial processes also face
relatively steep abatement costs. Residential antheercial entities have the lowest
abatement costs as significant emissions reducticmsften possible with low-cost (or
cost-saving) improvements in energy efficiency.atbhieve an efficient level of
abatement, high cost emitters in the refining aaddportation sectors could purchase
emissions credits from the low-cost emitters, esaiysubsidizing emissions

reductions or efficiency improvements in those cext
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Figure 57: DUET marginal abatement cost curves byestor®®

A similar approach was taken to develop domestsedsupply curves. | use
mitigation results derived directly from a set ohs evaluated in previous chapters (Full
offset eligibility with the RFS2, and Limited offiseligibility with the RFS2), plus a
specialized set of mitigation runs without the ulgihce of the RFS2 to develop offset
supply curves from US AF. The mitigation potentifatsm offset activities only
(excluding emissions reductions from bioelectri@tyd reduced fossil fuel use) are
summarized in Table 39. Notice that the existerida®RFS2 reduces total GHG offset

potential by more than 20% at $15 and $304€and by approximately 8% at

8 v/ariable or scenario definitions are found in M@menclature section
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$50/tCQe. This is a significant loss in GHG abatement, illngtrates an external cost

on the GHG market from an exogenous policy factought on by biofuel mandates.

That is, when mandatory biofuel expansion is erhaii¢gh a comprehensive offset

market, it consumes resources that could ultimdielysed for mitigation (offset)

purposes, which raises the costs supplying offgastricting offset eligibility on top of

the RFS2 decreases mitigation potential and raimesosts of offsets further. The

implication is that not including forestry offséemong others) into the allowable

abatement portfolio reduces mitigation potentiahfiyre than 50% in the low GQ@rice

range.

Table 39: Total Mitigation Potential from Offsets by Scenario (Million tCO2e

Annuity) ®°
$151CO2e $30/tCO2e $50/tCO2e

Full Offset Eligibility
(without the RFS2) 376.26 617.80 742.24
Full Offset Eligibility
(with the RFS2) 300.07 483.86 683.34
(% difference) -20.25% -21.68% -7.94%
Limited Offset Eligibility
(with the RFS2) 148.79 272.92 419.38
(% difference) -60.46% -55.82% -43.50%

8 variable or scenario definitions are found in M@menclature section
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In addition to AF, there is potential for domesgifésets generated from activities
such as reduced methane form landfills, petroleamd,natural gas operations. The US-
EPA as documented the potential of such offsetcssuand the marginal costs of each.
| include the supply of other non-AF offsets inte tgeneral offset supply function for a
comprehensive accounting of domestic offsets. FB6M$50, the supply of non-AF
offsets ranges 69-119 million tG®yeat". Non-AF offset supplies are added to the
FASOMGHG generated supply curves for AF offsetexpand the scope of domestic
offsets. To generate AF offset supplies at $5/tCO8waultiply the estimated $15 level

by 0.33.

Offset supply for U.S. AF are generated for the¢haforementioned scenarios
by regressing price on annualized mitigation paéniCurves are plotted through the
origin. The estimated parameter is incorporated DMUET to represent the marginal
cost of supplying domestic agricultural and forgstifsets across the three mitigation

scenarios simulated Figure 58.
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Figure 58: Offset supply curves across FASOMGHG migation scenarios

evaluated

For international offsets, | use data compiledhi®/US-EPA through personal

communication (Alan Fawcett, personal communicat&iii0; US-EPA, 2006). Similar

data on international offsets are used in EPA a®alyn the economics of climate

change mitigation policies (EPA, 2009). The dawampiled by EPA from several

independent modeling efforts using similar modelechniques at various scales to

% variable or scenario definitions are found in M@menclature section
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develop marginal abatement cost curve estimategeahational scales. The bulk of
international offsets come from changes in foreptgctices (namely, avoided tropical
deforestation). Notice that the sheer abundanagt@fational offsets available implies
extremely low marginal abatement costs (Figure BByeneral, the computed
international offset supply parameter implies arsewf offsets that more than 90% less

expensive on the margin than domestic offsets.

International Offset Supply Curve (2015)
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Figure 59: International offset supply and DUET paiameter (Source: EPA, 2010)

8.3.2.1 Scenarios Tested

A number of factors can influence total abatemestsin a model like DUET,
including MAC and offset supply function paramejene stringency of the overall cap,

assumptions about baseline emissions, and polgijagons regarding offsets. The
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following scenarios provide a general look at taesstivity of full-economy abatement
costs to a comprehensive range of possible politgooes.

8.3.2.1.1 Offset and Biofuel Scenarios

This test for the influence of the RFS2 and oftdegibility restrictions on overall
mitigation costs. The base case represents fiskbéligibility with no RFS2 mandates.
Instead, biofuel projections consistent with thevowus energy bill (RFS1) are imposed
on the model at rates consistent with those digclissthe previous chapters. Then, the
RFS2 mandates are imposed (also at rates discuspeglious chapters). Finally, |
restrict offset eligibility, limiting forest managesnt and non-CO2 offsets in agriculture,
consistent with scenarios applied in the previdwepter.

8.3.2.1.2 Climate Policy Scenarios

Cap projections, the phasing in of certain sedtdsthe cap, and offset
provisions are modeled in accordance with two reckemate bills—H.R. 2454
(Waxman-Markey, or W-M) and an alternative (butitam) bill proposed in the Senate
in the Fall of 2009 by Senators Kerry and Boxefemed to as Kerry-Boxer, or K-B).
Major differences include the level of the cap amlg periods of the bill, and most
important to this analysis, domestic and intermalmffset provisions. Both W-M and
K-B allot a total of 2 billion t CQof offsets to be purchased for compliance purpbges
capped entities, but the ratio of domestic to maéonal in W-M (1:1) is less than in K-
B (3:1). Thus, international offset provisions arg allowed to exceed 500 million tGO

in K-B. As international offsets are expected tddss expensive than domestic
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following estimates in the literature, reducingeimtational offset potential would
increase the cost of offsets and overall compliaosts.

8.3.2.1.3 Emissions Adjustment Scenarios

Since biofuels present a reduced carbon fuel @tsmnto fossil transportation
fuels, it is important to account for the emissidisplaced by biofuel consumption in
the transportation sector under the RFS2. Howeliere is some ambiguity as to how
transportation fuel consumption and emissions weutslve under an RFS2 regime—
recent evidence points out that such mandateshcagase fossil energy consumption
and emissions (de Gorter and Just, 2009). Withihisind, | present three cases for
transportation emissions in the baseline, 1) urddgiemissions consistent with EIA
projections, and 2) adjusted emissions where thbin&uel emissions reduction of
transportation fuels under the RFS2 is deductea transportation sector emissions,
and 3) adjusted emissions with 50% leakage fromeased fuel consumption.

This effectively raises emissions in the baselmeetlect a case where RFS2
mandated biofuels are replaced with fossil fueliegjants on a one-one basis (thus
raising baseline emissions for the transportatemas). Increasing baseline emissions in
transportation will add to the full compliance @ations of the sector (and economy),
thus increasing the total costs of abatement. &oms reduction thresholds for biofuels
as stipulated by the RFS2 (20% for corn ethan® 4@r biodiesel, and 60% for
cellulosic ethanol) are applied. | compute théedénce in biofuel production by fuel
type between the RFS2 and AEO baseline cases @eddry FASOMGHG), then

multiply this fuel volume by the aforementioned GH®esholds, and the per gallon
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CO; equivalence of gasoline and diesel (0.0089 and9®.0respectively). The total
emissions difference is then added to the tranaport sector baseline, reflecting a case
where baseline emissions are greater without tH&2RFhe net difference adds
approximately 3% to baseline transportation emrssmver the long-term.

The second adjusted emissions scenario considésdegkage in transportation
emissions. That is, | consider a case where 508eoémissions displaced by biofuels
are outweighed by emissions gains from increasetsportation fuel consumption (a
case illustrating another potential leakage eféédtiofuel policies, whereby stringent

renewable fuels mandates increase net fuel consomgntd hence emissions).
8.4 Results and Discussion

First, consider CO2 price paths under two examiphelsitions. Under W-M
conditions, estimated CO2 price points begin inrtimgge of $14.91-$19.28 per tCO2
(Table 40). This is similar to EPA’s analysis oé tW-M Bill, which produced
allowance price points ranging$13-$17 per tCO20h32(EPA, 2009). Results also
compare favorably to the EIA analysis of HR 245hjal ran multiple sensitivity
analyses around the W-M cap (EIA, 2009). UsingNE#MS model, the EIA analysis
estimated an initial allowance price of $1793 he difference in my estimates is due to
assumptions regarding in technological advancemettabatement costs for capped
entities between the NI-NEMS model and generalldgmuwm models applied by the

EPA for climate mitigation analysis (ADAGE and IGEMVhen emissions are adjusted

1 Allowance prices rise at a rapid rate of 7.4%hie EIA analysis due to a high discount rate in NEMS
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in the transportation sector, however, initial prpoints in the absence of the RFS2
increase to $16-$20.29/tGOrhe 50% leakage case results in a initial COQeptfat is
very similar to the RFS2 unadjusted case under Wnkgning that a leakage effect that
reduces biofuel emissions reduction by 50% hashigufe same impact on equilibrium
allowance prices as the increased costs of offsetsght on by the RFS2.

For the K-B bill, initial price points are 30-33.4Btgher than under W-M, due to
more stringent cap requirements in early periodd,raduced international offset
provisions. Holding baseline transportation emissioonstant, the RFS2 increases the
initial CO, price point relative to the base by ~4-5%. Allow@prices in all scenarios
rise at the internal discount rate of 5% as bankimg) borrowing of emissions credits are
allowed; this is typical Hotelling behavior found dynamic models. Under exponential
price increases, minor differences in initial Q®ice points can create large differences
in total mitigation costs as the price wedge betwszenarios increases over time, as

indicated by Figure 60.
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Table 40: Estimated Allowance Prices for the Initid Time Period ($/tCO2ef?

W-M Initial K-B Initial
Allowance Price Allowance Price
($/tCOe) ($tCOe)

No RFS2 (Full Offset Eligibility 14.91 19.28
No RFS2 (Full Offset Eligillity with
Adjusted Transportation Emissions) 16.00 20.29
No RFS2 (Full Offset Eligibility with 509 15.45 19.78
Adjusted Transportation Emissions)
With RFS2 (Full Offset Eligibility) 15.56 20.24
With RFS2 (Limited Offset Eligibility) 17.63 20.30

92 variable or scenario definitions are found in M@menclature section
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Estimated Allowance Prices under
Waxman-Markey
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Figure 60: Estimated allowance prices across climatmitigation and offset
scenarios

8.4.1 Difference in Total Mitigation Costs

When the RFS2 is included, the increased priceoofastic offsets affects the
efficient allowance price path, and increases cofstébatement 5.58% under the RFS2
and W-M scenarios (Table 41). This cost increasesrto approximately 6.4% under the

K-B scenarios. The implication of this result ighvaut the emissions reduction effect of
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biofuels, the existence of the RFS2 can signifigaaifect long-term abatement costs by
consuming resources that could be used more eftlgieor abatement purposes. As K-
B restricts use of international offsets for coraptie purposes, this puts additional
pressure on domestic offset supplies, further dwip abatement cost increases of the
RFS2. Adding restrictions to offset eligibility aop of RFS2 mandates magnify
abatement cost increases even further. Here,atstyiforest management and non-CO
offset eligibility in the U.S. will boost total mgation costs by more than 20% under
base emissions.

Adjusting emissions for biofuel reduction relaxes teffect to an extent. These
results illustrate the importance of an inclusifiset policy. Forest management
activities present a number of institutional coroglions in terms of verification,
monitoring, and enforcement, but could ultimatdiypa large role in the domestic U.S.
offset portfolio. As agricultural resources anddavailable for mitigation purposes is
ultimately constrained by the existence of RFS2 aases, including forestry activities

into the mitigation portfolio is important.
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Table 41: Effects of Simulation Scenarios on TotaAbatement Cost$®

Adjusted 50% Adjusted

Baseline 1 o
Emissions Emissions

Emissions

W-M K-B W-M K-B W-M K-B

Full Offset
Eligibility Absolute Cost
Difference from the no-RFS2

with the RFS2 Baseline
(Million $ Annuity) 1,004 1,887 -997 -674 22 621
(% Difference) 5.58% 6.4299-4.98% -2.11% 0.1199 2.03%

Absolute Cost
Difference from the no-RFS2

Limited Offset Baseline

Eligibility with the

RFS2 (Million $ Annuity) 4,091 7,652 2,093 5,090 3,092 5,76p
(% Difference) 22.76% 26.03%610.48% 15.93%)| 16.40% 20.83%

This study has made an initial attempt to expiahantify the effects of biofuel
mandates and domestic offset eligibility restriciamn economy-wide GHG abatement
costs. Additional work is needed to refine sectMAIC curves, more accurately model
the expected change in baseline transportationr@imdng) emissions under the RFS2,
and understand the impact of U.S. biofuel policieghe costs of international offsets.
This last point is particularly important, and repents the most natural extension of this

analysis. As U.S. biofuel expansion drives landamapetition domestically and

% variable or scenario definitions are found in M@menclature section
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internationally, this will raise the costs of intational offsets from sources such as
avoided deforestation.

In summary, biofuel mandates increase the cosssmblying domestic AF
offsets, which increases overall compliance costap-and-trade. Restricting AF
offsets further amplifies this cost increase. Hogrewadjusting baseline transportation
emissions by the emissions reduction of biofueldenthe RFS2 adds to the compliance
obligations for transportation and other sectorghefeconomy. In this case, the RFS2
actually decreases costs of emissions, implyingttiehigher costs of offsets (by
>10%) are outweighed by the impact of reduced canpé obligations in transportation
(by ~3%). This result is driven by the relativeigih marginal abatement costs of
transportation. If leakage reduces the emissiotsateon effect by 50%, there is no
discernible change in abatement costs for a k#l W-M. Further work is needed to
explore this affect with additional sensitivity aral the emissions reduction under the

RFS2.
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CHAPTER IX

CONCLUSIONS

This dissertation has analyzes the trade-offs batvireofuel and carbon price
based GHG mitigation policy. More specifically tthigsertation sought to improve the
understanding of how the aforementioned policiesldaffect the domestic AF sectors
in terms of production patterns, export market ¢oals, water use, welfare, land use,
and management intensity using conceptual and @abpinodeling procedures. Several
major results emerged from this effort and canlassed into conceptual and empirical

findings:

9.1 Conceptual Modeling Results

First, a static conceptual was developed and wsstdw that:

» Biofuel production mandates and biofuel type tasgktected toward achieving
GHG reductions can alter land use allocation afidence management intensity for
energy and food cropping systems. Such policieg naiices of conventional
commodities, and can induce leakage-- increasin® @hhissions from
conventional production.

* GHG carbon equivalent prices that are sufficiehth can reverse cropland
expansion trends caused by the energy mandateimde@ higher net returns for
landowners. However this boosts conventional andrergy prices further,

increasing the potential for international leakage.
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» Biofuel mandates and GHG intensity thresholds arepetitive with the supply of
GHG reductions from the land-based activities.

» If land shifts into carbon sequestration and tHesegquent commodity price feedback
are large enough, landowners might respond by sifigng production (and hence
emissions) to boost yield.

* When extended to multiple regions, the model shinasintensification and land
use change (with an accompanying sequestered chré®)ncan occur in less
productive regions as a result of cropland conimacind land reallocation in more
productive regions.

However, while useful for policy discussion, staitalytical models ultimately
ignore the dynamics of the system plus abstraot ®tot of on the ground realities.
Simulation analysis using an extended version 56GMGHG was used to evaluate
long-term commodity price, welfare, production, aredural resource consumption
trends under a variety of low carbon futures. Manpgortant findings emerged from

this simulation analysis, as summarized below lrssquent sections.

9.2 Empirical Results on Production and Land Use Change

Simulation results indicate that crop and livestpoiduction could be affected
greatly, especially across mitigation scenariosreluedicated bioenergy feedstocks and
carbon sequestration replace some conventional calityrproduction. This especially
affects livestock production as reduced carboncpsiincentivizes land use shifts out of

cropland, and reduces the supply of feed-grains.
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* The RFS2 stimulates long term cropland use aboselina levels, drawing
land into cultivation from forests, pasture, and @RP positive income and
negative GHG effects,

* When all offsets are eligible for payment, croplarsg contracts and forest
use expands substantially. At higher £@prices, this contraction effect
reduces cropland below baseline (no RFS2) levels,

» Limiting offset eligibility causes smaller land #ikias the reduced emission
benefits of moving out of cropland are not eligibled thus ony only
contracts the cropland base below baseline letvdigyher CQeq prices.

» Pursuit of bioelectricity as a mitigation optiongtead of offsets) raises the
value of cropland, often pushing grazing and CRdanto production.

» Restricting offsets and incentivizing bioenergyoab®osts deforestation in
early years of the time horizon, but this effecagipears in later periods.

 The RFS2 could pressure on the CRP, leading tgrafisant loss in
conservation acreage. Re-cultivating conservaaodd can help to relax
land value, commaodity price and trade impacts efrttandates.

» CRP continuation contributes to mitigation effdrsisadding additional land
resources for carbon sequestration or dedicatezhbrgy production.

In general, | have shown that land use patterdg-imre highly sensitive to

alternative energy and mitigation policy scopesid.ase patterns, particularly for
cropland, differ significantly by region. One oftimportant results of this dissertation

is that evaluating aggregate or broad analytidalced of a policy tells an incomplete
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story. Regional shifts in production and strateggice can have acute effects in regions

with existing resource scarcity or environmentajrdeation potential. Additional work

is needed to improve our understanding of the agdthole of land resources in a

reduced carbon and enhanced biofuel economy.

9.3 Management Intensity and Water

Results concerning water consumption:

While recent literature has raised concerns reggrtiie effect of biofuel
mandates on water resources, | find that the agtgeshift in irrigation water
consumption is minimal at a national scale, buidde problematic at a local
scale.

Aggregate water use declines under most mitigate@marios, but the regional
distribution of impacts warrants attention. Produttshifts drive water
consumption indirectly in regions such as Texas,Gineat Plains, and the Pacific

Southwest, which is troubling given those regiqm&-existing water shortages.

For management intensification | found that:

Nutrient use expands significantly under the RFESpecially in regions such as
the Corn Belt and South Central United States wNeaad P pollution through
runoff and leaching are significant environmentaicerns.

Aggregate input use declines across most GHG cagquivalent price
scenarios, though | find evidence of per-acre isiferation in nutrient use (and

energy use in some instances). Altered productadtems stimulated by



267

terrestrial mitigation efforts imply higher useraftrients per unit land in
production, which counters previous claims thatdkistence of climate
mitigation incentives could improve water qualiGréenhalgh and Sauer, 2005).
However, this result is consistent with theoryraptand contraction shift due for
carbon sequestration can push production to tle@snte margin.

» Shifts in aggregate input use affect national iathics of environmental
degradation; the RFS2 increases N and P pollutgmfiantly (illustrating
nonlinear pollution returns to increased nutrigoplacation).

» Mitigation only alleviates these concerns underfthleoffset eligibility case.
Pursuit of dedicated bioenergy across the restriotisets boosts indicators of

water quality degradation.

9.4 Commodity Markets, Welfare, and Exports

Perhaps the most policy relevant set of resulesrierge from this study is the
implications of low carbon policy efforts on agrittral commaodity prices, producer and
consumer welfare, and export markets, includingdlewing key results:

« Commodity price effects of the RFS2 are generalydr than those found in

previous studies, partly due to cropland expanaimhintensification.

* However, offset markets and bioenergy incentivessbprices significantly

further reducing production and exports, suggedtiatjthe “Food vs.
Carbon” debate has merit if domestic offsets anglag a predominant role in

a reduced carbon economy. Taking land out of pribaludor mitigation can



268

have greater downstream land use effects thanagithgcland to biofuel
production.

For welfare, the most important result from thisdstis that AF producers
and landowners have the opportunity to see suliskdong-term welfare
benefits from renewable energy and climate polityl@vconsumers lose
considering AF consumption related welfare only¢igng benefits of less
imported fuel and climate change). The direct floivoffset payments and
bioenergy revenue far outweighs the fossil fuedtesd input cost increases,
refuting the claim of many agricultural stakehokit#rat comprehensive
climate policy would significantly cost farmers. \@fhcompared to a future
where real commodity prices continue to fall, eqoimoprospects for
producers and landowners appear much brighter uedeced carbon and
biofuel policies.

Welfare gains vary by region and producer groupth(livestock producers
bearing the brunt of feedstock price increases).

Consumers of AF commodities are worse off unden&ie mitigation
regimes. Commodity price impacts faced by consursieosild be more
carefully weighed within the context of the genesabnomy to truly
understand the net effect of these impacts butisha¢yond the scope of this
study.

Exports are lowered significantly relative to theseline. The effect of

mitigation efforts is much more pronounced on eigptran the RFS2, again
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supporting the notion that productivity decreaseden a full offset market

could imply much greater leakage effects than labfoandates.

9.5 Effects of AF Policies on the Costs of GHG Abatemén

In the context of economy-wide GHG abatement, tesliow that:
AF can provide a significant source of offsetsapmed entities at a relatively low
cost, so policies that influence those costs cgraohtotal abatement costs for the
general economy.
The full costs of AF offsets depend greatly onekistence of the RFS2 and which
offset activities will be considered eligible undecomprehensive climate bill. The
RFS2 alone can increase the marginal costs ofteffgeabout 20%, but the net
effects on total abatement costs depend on assumspif baseline emissions in the

transportation sector, and international offsevmions.

With a full emissions displacement effect, reduabdtement costs resulting from
lower compliance obligations in the transportasector outweigh the higher costs

of offsets caused by the biofuel mandates

Limiting offset market participation by excludingréstry activities or limiting

payment eligibility increases total abatement ceatsstantially (>20%).

9.6 Research Limitations and Future Research Directions

There are a number of limitations to this study 8teuld be emphasized. Each

provides a unique future research project:
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9.6.1 AF Only Concentration

The focus of this work has been squarely on AFavelfwith little regard to
residual economic impacts caused by the policiegher sectors of the economy. While
food prices and consumer welfare are captured esmaggly, this fails to capture the
potential substitution or income effects of sucicgpshocks in a general economy
framework. Such a shortcoming might underestirtfaeull economic costs of AF
GHG mitigation.

9.6.2 Biofuel Market Penetration Assumptions

This analysis uses exogenous parameters to reptesarbiofuel market
production, with and without the RFS2 mandatedacg Then, mandates are locked in
beyond the maturation of the RFS2 (in 2022). Thaxedure inherently ignores the
possibility that the market and infrastructure rssesy for biofuels could grow beyond
or limit the RFS2 mandates. It is currently not ivkelown how biofuel markets could
evolve over time, both in the absence of policyh@yond policy mandated levels.
Without such information, additional sensitivityadysis is needed that tests the effect of
alternative biofuel market growth trajectories.
9.6.3 Direct Linkages with International Production Syste

The U.S. is a world leader in agriculture, prodigcmore than 40% of the corn
consumed globally. One must keep in mind that ucderent legislative proposals to
reduce GHG emissions in the U.S., domestic offsetsd compete to an extent with

exports and international offsets. A more globallgsis is needed.
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9.6.4 No Direct Feedback from Groundwater Systems
One weakness of this analysis is there is no diesttback from water

consumption on the stock and depletion rates afmgperater resources. Groundwater
depletion from excessive agricultural withdrawalsihighly problematic, especially in
regions where simulation analysis reveals agricaltexpansion (the Southwest and
Great Plains). While the empirical model used is gtudy is dynamic in many
variables, stock and depletion effects of grounéwebnsumption are ignored. Future
work will incorporate regional groundwater dynamatisectly into FASOMGHG to
model such a scenario.
9.6.5 No Transportation MAC Adjustment without Biofuels

As the previous chapter showed, the slope of the&C\pArameter for the
transportation sector drives much of the full absdet cost results. Transportation sector
emissions are adjusted based on potential displxaevalue of biofuel replacement of
fossil transportation fuels (following policy-imped GHG reduction thresholds), but
shifts in abatement costs caused by removing biohaadates are currently ignored.
Presumably, removing the mandates could lower afetecosts in the transportation
sector, but additional information is needed tousately model the magnitude of this

effect.

9.7 General Conclusions

This dissertation assesses some of the interssatfdmofuel mandates and

comprehensive cap-and-trade by considering potardtaral resource implications of
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these various policy drivers. The US AF sectorsttaie opportunity to contribute
greatly to federal renewable energy or GHG mitmatiargets. However, such
contributions could dramatically alter the AF lacage by influencing land management
decisions. Also, domestic GHG mitigation effortscomjunction with the RFS2 can
pressure agricultural commodity markets, leadinopternational leakage through land
use change. This also raises concerns that thegp&ia costs of climate mitigation may
have been understated in previous economic anatydesS. climate bills that did not
fully account for increased household food cosfseaxlitures brought on by a successful
domestic GHG offset market. Indirect consequenée®mestic biofuel expansion merit
policy attention, but have perhaps have been atexin previous analyses. However,
results indicate that comprehensive climate mitogaéfforts and domestic offsets can
potentially induce leakage at far greater rates thiafuel mandates. This result
reinforces the notion that international offsetswdt play a critical role in domestic
climate mitigation efforts as a buffer against intional leakage caused by the

combined market forces of domestic biofuel expamsiod offset provisions.

Domestic biofuel mandates and policies targetgmaduction systems that
ensure GHG reduction thresholds could have indozensequences in addition to
leakage, such as reducing the available supplgroddtrial GHG offsets. This is the first
study to directly model the influence of increasedpetition for land resources on
climate mitigation costs. Perhaps a preferred galiould be one that sets a mandate

without stringent GHG reduction thresholds and comb this with a market for carbon
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offsets. This would increase the total supply déets (reducing total abatement costs)

and could influence the reductions in intensityigesby biofuel policies.

Pursuit of climate mitigation and movement to aesgable energy portfolio are
lofty, achievable, and important policy goals that should continue to pursue.
However, managing land for food, energy, and carlibim a growing population and
rapidly emerging global economies will not comehwiit significant economic sacrifice.
In order to maximize returns to land resourcesats these growing demands,
technological advancement and enhanced global greith is imperative.

Additionally, intensity-based incentives that ctg@dHG reductions and productivity
improvements in the same metric could help allevieakage concerns by improving

productivity (Murray and Baker, 2010).
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