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Abstract

Government policies and growing demand for altéwaagnergy are expected to result in dramatic
increases in liquid biofuel (e.g., bioethanol ammtiesel) production in the United States overrtbgt
two decades. While there is a substantive bodgsdarch assessing the potential impacts of biofuel-
driven land-use change on issues such as greenbasigmissions and regional water quality,
surprisingly little attention has been given to tiect habitat and biodiversity implications ofda-scale
biofuel feedstock production. This study addreskissgap by providing a multi-layered analysis of
biodiversity risks associated with four currenpeoospective biofuel feedstocks: codeé mayy
switchgrassRanicum virgaturjyy hybrid poplar Populussp.), and southern plantation pif@nus taeda
andPinus ellioti). The first aspect of the study gives a summaviere of current biofuel policies and
rationales for promoting biofuel production. Next provide a comprehensive meta-analysis of
published scientific studies that compare wildifeindance and diversity data for feedstock and non-
feedstock habitats. Results from this meta-analgsiisate that corn, hybrid poplar, and plantatpome
land covers all have significantly lower wildlifbandance and diversity values than reference laxdrc
types they may displace. Due to a current lackppfapriate wildlife data among published works,
switchgrass production was not included in the ragi@ysis. The second part of the study is a nakion
level spatial model of feedstock production for timega federal biofuel mandate of 36 billion
gallons/year by 2022. Inputs into this model inelddletailed climatic, environmental, social, and
economic data for determining crop suitabilitymasl as numerous iterative scenarios in which
production efficiency and social tradeoff preferenavere systematically varied. Gross estimates of
national land cover types at risk of conversion icdrn, switchgrass, and southern pine plantatiowier
these scenarios were produced using the 2001 Natiamd Cover Database as the reference for
background conditions. The third part of the stpdgsents spatially explicit estimates of biofuelsen
conversion risk for critical habitat areas, asmedi by State Wildlife Action Plans (SWAPSs), in four
states: Florida, Georgia, lowa, and North Dakottalidled maps for each state show relative risk of
conversion into biofuel production for critical htt areas that are not currently in public owngrsh
Results for both national and state analyses itelgignificant conversion risks for many habitqidy
due to the large overall land footprint (~25 — 38iam ha) implied by biofuel production at 2022
production levels. The study concludes by exploangumber of policy and incentive tools that cdugtd
used to minimize the wildlife habitat risks fronnda-scale biofuel production, and also recommending
topics for future research in this area.

Introduction

Production of liquid biofuels, primarily in the forof corn-based ethanol, has grown significantlshiz
United States over the last decade. The Energynration Agency (EIA) reports that that U.S produced
over 9.2 hillion gallons of ethanol in 2008, whigpresented a 42% increase over the 6.5 billiclogsl
produced in 2007 (Renewable Fuels Association 2@PP022, a Renewable Fuels Standard (RFS)
mandate established by 2007 Energy Independenc8enuity Act calls for U.S. biofuel production
from all sources to reach 36 billion gallons (S18s2007) — or approximately 4 times the amount
produced in 2008. Beginning in 2015, the RFS eistadd a cap of 15 billion gallons per year thatloan
credited from traditional corn-based ethanol. fuisher mandated that the remaining 21 billiongzd
per year called for by the 2022 RFS will be comploskecellulosic ethanol and other “advanced”
biofuels, most of which are not yet in large-saaenmercial production.

It is likely that such a surge in biofuels prodoatiwill require the conversion of large amounts of
currently fallow and/or non-intensively manageddamo feedstock production. Understanding the
potential environmental impacts of such conversioasnd developing technologies and policies that ma
help to mitigate these impacts — has emerged Esmagriority for many environmental scientists and
conservationists. For example, a number of reseasdiave concluded that biofuel-driven increases in



the land area under corn production could havéfgignt adverse effects in terms of greenhouse gas
emissions, water quality and quantity, and soiseno (Pimentel and Patzek 2005; Donner and Kucharik
2008; Searchinger et al. 2008; Chiu et al. 200@ns\vand Cohen 2009). While it is widely believeat th
cellulosic feedstocks such as switchgrass will raueh less adverse environmental impacts than corn
(Hill et al. 2006; Tilman et al. 2006; Schmer et2008), the large land area requirements impliethb
2022 targets for advanced biofuels do pose consemeoncerns in their own right. The magnitude of
potential land-use change is underscored by a r&mgrartment of Energy (DOE) publication suggesting
that 15 — 20 million hectares of land could be @ted into cellulosic feedstock production by 2020
(Perlack et al. 2005). It is generally assumed tiath of the land base for cellulosic feedstock
production will be areas currently held in the Gamation Reserve Program (CRP) (Milbrandt 2005;
Schmer et al. 2008).

Previous research has suggested that extensiver amighsive use of land for biofuel feedstock
production could adversely impact wildlife habitageneral and provide increasing stress to dexjini
and rare species in particular (Bies 2006). While fairly clear that wildlife effects from bioflie
production will be influenced by the larger landsea&ontext and differ among feedstock types (e.g.,
Murray et al. 2003), most studies to date havededwn very local scales and have also lackeda#xpli
comparisons among feedstocks (e.g., Roth et ab)2@@ biofuel production continues to expand,
development of regional and national-scale riskesssients for biofuel-driven land use change will be
critical for identifying — and taking steps to rgiite — major threats to wildlife habitat.

For this project, we developed a multi-layered gsialof potential biodiversity risks associatednibur
biofuel feedstocks: corrZéa mayg switchgrassRanicum virgatur)) hybrid poplar Populussp.), and
southern plantation pin€®i{nus taedaandPinus ellioti). The first aspects of the study include a revidw
existing biofuel policy. We then conducted a corhpresive meta-analysis of published scientific gsdi
that compare wildlife abundance and diversity datdeedstock and non-feedstock land covers. Neet,
developed a national-level spatial model of feedsfwoduction for meeting the 2022 RFS of 36 hillio
gallons/year. Inputs into this model included dethclimatic, environmental, social, and econonatad
for determining crop suitability, as well as numesaterative scenarios in which production efficgn
and social tradeoff preferences were systematigaliigd. Gross estimates of national land coveedygtt
risk of conversion into corn, switchgrass, and Betrt pine plantations under these scenarios were
produced using the 2001 National Land Cover Da@a@d&CD 2001) as the reference for background
conditions. The fourth part of the study gives firesolution estimates of critical habitat areas, a
identified by State Wildlife Actions Plans (SWAPag} risk of conversion to biofuel production in fou
states: Florida, Georgia, lowa, and North Dakottaliled maps (resolution = 1 ha) for each statavsho
relative risk of conversion into biofuel productitor critical habitat areas not in public ownership
conservation. The study concludes by exploringralver of policy and incentive tools that could bedis
to minimize the wildlife habitat risks from largeade biofuel production, and also identifying aramas
which additional research is critically needed.

Purpose

The explicit purpose that WHPRP established irotiiginal description for this project was to have
investigators assemble and interpret data on the extent of tieatl(of biofuel production) to wildlife
habitat, and outline some promising policy resperisghe literature meta-analysis, feedstock praduct
models, and land cover overlap analyses we dewéloget this purpose by providing information that
outlines the range of threats that expanded bigftgduction could pose to wildlife populations dhdir
habitat. We have also summarized a range of polfitipns that may be used to better ensure the
protection of wildlife habitat as biofuel produatiexpands over the coming years.



Summary of Results

Policy review

We reviewed current policies and strategies thfaténce future production and use of bioenergyhin t
U.S. This compilation summarizes issues regardow feedstocks are produced and their potential
impacts. The review revealed that although biognetgrently meets only about 3.5% of the U.S. eyperg
consumption, it has significant potential to mitgjalimate change, enhance environmental quality, a
strengthen the economy. While much has been dopetoote bioenergy in the last three decades
through various incentives and regulatory meastinespolicies tended to favor transportation fuels,
particularly corn-based ethanol.

While the Energy Independence and Security Acto8f72 which mandated production of 21 billion
gallons of advanced biofuels by 2022, guaranteedbsively bright future for expanded bioenergy,nma
guestions remain unanswered such as how the reggntewill be fulfilled and its potential impacts.
Tradeoffs vary widely by types of fuels, the lamdwhich feedstocks are grown, management practices
followed, and the technologies adopted. Given éngd variety of policy instruments, there is high
potential for policy interactions and difficulty astablishing relative efficacy of different poési Since
the anticipated bioenergy expansion is yet to conumgvery little is known about its impacts. Under
these uncertain circumstances and context spegféicts, there is a need for developing and apglyin
best management practices and performance standéete is also a need to integrate bio-energy with
broader forest management and conservation stestefp ensure sustainable bioenergy production, we
recommend an adaptive management approach wheoettwmnes of alternative strategies are
continually evaluated and compared.

Wildlife meta-analysis and review

We used a meta-analytic approach to examine thenpiat biodiversity effects of land-use conversions
from low intensity land uses into high intensitptoiel land uses from increased biofuel productitvie.
focused on vertebrate abundance and diversityuseczertebrate habitat use and population trenie at
scale of biofuel production (on the order of hessarather than meters) is more extensive tharfahat
other taxa, and because many vertebrates are highjie, which facilitates identifying short-term
responses to land-use change. These comparisdmdadaontrasting wildlife in rowcrops (corn-based
feedstocks) to grasslands, pine plantations tofeoand mixed forests, and poplar plantations to
deciduous forests.

From screening 435 articles, we found 15 artidhes provided data appropriate for meta-analyses (i.
relevant land use comparisons that reported m&kiSD, N). These articles reported 317 relevant
responses of abundanee=249) and diversityn(= 57) for either birds or mammals. From thesekgi
we find that animal species richness and abundareceonsistently lower in biofuel crops relativentn-
crop habitats that these crops may replace witteased production (Figure 1). Effects on species
richness were greater for corn-based feedstocksftigine and poplar, and birds of conservation
concern also experience greater negative effect®x&eption is the potential to convert corn-based
feedstocks to perennial grasslands, which coulé Ipasgitive effects on biodiversity. It is also pbks
that conversions of corn into short-rotation wodelydstocks could have net benefits on diversityely
based on effects shown in Fig. 1a. Currently, rta daist for some other potential biofuel cropg.(e.
switchgrass). We emphasize that the results fronm@ta-analysis are regarding the potential foddan
use land-cover change from increased producticzurtent land uses harvest biomass for bioenergy in
the absence of changes in land cover or managestleeime, we would not expect effects on wildlife.



In many cases, we expect that land cover will haihge, but the potential for changes in managenfent
land uses with biofuels production may change igsataat could influence wildlife. For example,
harvesting pine for bioenergy may target smallanditer wood than pine harvesting practices forrothe
uses, which could have net benefits for wildlife.fEduce impacts of increased biofuel production on
biodiversity, we recommend practices that limitdaoover change toward intensive crop production,
limit chemical applications, increase structurgkenegeneity within fields, and delay harvestingidgr

critical life-history stages.
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National land-cover scenario models

National-scale scenario models for corn, switchgrasd southern pine feedstock production were
developed using the Decision Support tool in thRIE Andes GIS software package (Clark Labs 2006).
Maps showing the aggregated scenario model refsultorn, southern pine, and switchgrass are
respectively shown in Figure 2. As described inemdetail below, these models integrate detailed
information about the relative environmental sultgh economic tradeoffs, and given land-use
constraints for crop production across the landscap

Although the aggregated scenario models providebgective and transparent means for evaluating
broad landscape patterns that could emerge froreased biofuel production, interpretations of ressul
should keep in mind the assumptions and approaadh Umportantly, our models do not attempt to
address potential indirect land use changes assdaath increased biofuel production (see Fargieine
al. 2008). If indirect changes were also consideogdrall land use change potentially could berof a
even greater magnitude than what our results stigges

Corn. The scenario model results for corn (Figure 2al) smoprisingly, show the highest aggregated
values within the Midwestern corn-belt states. Asgranalysis of the minimum and maximum overlaps
with NLCD reference land cover types associatedl thiese national-scale model scenarios are given in
the Appendix 2. On the one hand, these overlaptsasdicate that there is, at least in theoryfisignt

crop land base within potential corn-producing ar@eaccommodate an increase of corn plantings from



the 2007 level of 35 million hectares to the 3B-+willion hectares that may be necessary to meet co
demands for all uses, including increased biofuetlpction, in 2022 (Biomass Research and
Development Initiative 2008; Donner and Kucharik&) On the other hand, our results also suggast th
scaled-up corn production could pose conversidg figr large areas of herbaceous and hay/pastude la
covers. While there has been significant attertiiotiie adverse effects that conversion of non-taog

into corn could have on greenhouse gas emissi@@¢Binger et al. 2008) and water quality (Donner
and Kucharik 2008; Evans and Cohen 2009), our rmeddysis results indicate that conversion of such
non-crop lands would also represent a significargat to wildlife abundance and diversity.

Southern pineScenario results for southern pine show an
expected concentration of production within thedRient
and coastal plain of the southeastern United S{&igare
2b). The most recent comprehensive estimates of southe
pine plantation area suggest that this land usersov
approximately 12 million ha of the southeastern.U.S
(USDA 2000). Because there still remains signiftcan
uncertainty about the amount, source, and conversio
efficiencies for woody biomass that may be usedidpid
biofuel production (Biomass Research and Developmen
Initiative 2008; Stewart 2009), our projections oofuel-
driven increases in southern pine plantation foyasinge
from a low of 2 million ha to a high of approximbt8&
million ha by 2022 (Appendix 2). Our overlap an&ys
shows that deciduous and evergreen forests conthdse
largest land base for potential southern pine prtoni
areas (Appendix 2). While our meta-analysis indisahat
biofuel-driven conversion of natural deciduous and
evergreen forests to pine plantations would be eepeto
have adverse effects on wildlife habitat, theselape
analyses should be interpreted with caution foeast two
reasons. First, current language within EISA exgbic

) g
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prohibits direct conversidrof natural forests for the Figure 2: Aggregated scenario results for 2022

purpose of biofuel feedstock production. Seconahtaition Preduction of three biofuel feedstocks: a) corn, b)

and natural evergreen forest ty@ggaggregated together represent the number of scenarios that a locatiam

by the NLCD (2001), Whi(?h means that much of the selected for production of a feedstock, with darker
evergreen forest overlap is composed of areasrtlyre red indicating a higher number of scenarios. Gray
managed as plantation pine. When the 12 millionfha areas were not selected in any scenario.

evergreen forest already in plantation pine arertakto

account, the overlap results suggest that thesefiient land base from areas currently held in
hay/pasture and crops to meet the upper boundei@dsed biofuel-driven demand for pine plantation
forestry. Conversion of crop and hay/pasture laogsne plantations presumably would have much less
adverse effect on wildlife populations, and in sarases may even provide benefits to wildlife.

! The EISA language, however, is much more unclbaugindirect land use conversions. For exampke, th
statutory language does not seem to preclude ghefusxisting plantation pine for biofuel productieven if an
indirect result is the conversion of natural folasids to plantation pine for the purpose of megtither demands.

southern pine, and c) switchgrass. Shaded red areas



SwitchgrassScenario results for switchgrass show two distiredts of potential production (Figure 2c).
Although the plains states have generally recemetk attention as potential switchgrass produciegs
(e.g., Lemus et al. 2002; Schmer et al. 2008; Mawal. 2008), growth trials and economic research
indicate that many areas of the southeast may éhdednighly suitable for switchgrass production
(Kiniry et al. 2005; McLaughlin and Kszos 2005)ti#&dugh switchgrass is grown for forage and soil
stabilization on some CRP lands, it currently isgrown as a large-scale production crop as isése

for both corn and pine. Thus, there is signifiaamtertainty as to agricultural productivity, biofue
conversion efficiency, and farm-scale economicgtite feedstock. Such uncertainty, combined with
differing projections about the contribution of sehigrass-based ethanol to the 2022 RFS, leads to a
fairly wide range of estimated switchgrass areator2022 scenarios (Figure 3c). Overlap analysis
suggest that crop, hay/pasture, and herbaceous Vemald provide the bulk of area for conversiomint
switchgrass at a national scale. We would expetictnversion from corn into switchgrass, regardldss o
management intensity, would have either no negafifects or net benefits for wildlife, because dbity
and abundance of wildlife are extremely low in chietds (Figure 1; Best et al. 1997, Fletcher and
Koford 2003). Wildlife effects associated with cension of hay/pasture or herbaceous lands into
intensive switchgrass production are not well-stddbut likely are to be quite site-specific and
dependent upon relative management intensity. Véigleificant areas of deciduous forest and, to ahmu
lesser extent, evergreen forest are also shownoteastfal switchgrass growing areas, direct coneersi
natural forest into switchgrass feedstock is privdibunder EISA. Monitoring and enforcement of this
provision obviously will be critical for preventirafverse wildlife effects associated with deforiwta

State-level results

National-level scenario models were applied torfseale land cover maps (cell resolution =1 ha) to
identify potential risks of increased biofuel pratian to critical habitat areas identified by tH&/&Ps
for four states: Florida, Georgia, North Dakota] &mwa. a) Florida
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note that high levels of biofuel production fromaiety of other feedstocks not included in ourlgsia
— such as sugarcane, sweet sorghum, giant rees| graseucalyptus trees — are currently being
considered for large-scale production in central southern Florida. As such, much more criticalitaéb
area in Florida could be at risk from biofuel feted& production than is shown by our analysis of
southern pine. More detailed study of wildlife Habrisk associated with these and other Florida
feedstocks is clearly needed.

Georgia.We conducted overlap analyses for feedstock pramustenarios and eleven critical habitat
areas listed in Georgia’s SWAP: hardwood forestiheon hardwood forest, montane pine/hardwood
forest, mixed pine/hardwood forest, xeric pine/mardd forest, hemlock/white pine forest,
loblolly/shortleaf pine savannah, xeric pine foréstgleaf pine forest, mesic hardwood forest, and
sandhills (Figure 3). For context, we also showrlayeresults for three production land cover tyjes
Georgia: commercial pine, crops, and pasture. Cemario results indicate that large areas of Gatwgi
coastal plain and piedmont regions are highly bigtfor plantation pine forestry (Figure 2a). Gealg
SWAP specifically identifies conversion into plaida pine as a major threat for many of the fotgges
listed as critical habitat areas, and our overlagdyssis suggests that there indeed could be &fisigmi
conversion threat for a high percentage of remginatural forest types under a condition of inceelas
demand for plantation pine. At the same time, esults indicate that Georgia has a very large bhse
lands currently held in crop and pasture that cpolgntially serve as a source for expansion of
plantation pine forestry. Scenario results for slgrass suggest that much of Georgia is potentially
suitable for this crop (Figure 2b). However, apimmately half of the scenarios showed no produdiion
this state. Much of the Georgia land cover oveftaypur switchgrass production scenarios is conegris
of plantation pine, crops, and pasture (Figurédgiy. results also indicate that significant areasattiral
forest in Georgia could be suitable for conversida switchgrass production if current forest poien
protections in EISA were weakened or removed.

lowa. We conducted overlap analyses for feedstock mtomuscenarios and five critical habitat areas
listed in lowa’s SWAP (Figure 4). For context, weaashow overlap results for three major production
land covers: corn, soybeans, and pasture. Scemsuts for corn unsurprisingly show that almosoél
lowa is potentially suitable for this crop (Figia), although southern areas of the state — muakich

is currently held in pasture — do show a somewdwael numbers of corn production scenarios. As shown
in Figure 4, most of the lowa land cover overlapdorn production scenarios is comprised of corn,
soybeans, and pasture. Our results also suggéestighapercentages of lowa'’s forest, grassland, wet
forest, wet herbaceous, and shrub land covers dmubt risk under maximum corn production scenarios
Scenario results for switchgrass suggest that thare half of lowa is potentially suitable for pradion

of this crop, with a much higher number of prodoctscenarios shown for the southern areas of &te st
currently held in pasture (Figure 3b). As with NioDakota, several scenarios showed no switchgrass
production in lowa, a result largely attributahbdettie higher productivity that may be achieved oren
southern locations. Although our overlap resulsahin Figure 2 show that corn and soybean land
covers make up the largest gross land area fonpatswitchgrass production, a comparatively highe
percentage of lowa’s pasture is shown as avaifableonversion. Maximum switchgrass production
scenarios show conversion risk for approximately third of lowa’s forest and grasslands. lowa’slsma
patches of wet forest, wet herbaceous, and shnegbdavers show minimal conversion risk for
switchgrass production.

North DakotaWe conducted overlap analyses for feedstock pramtustenarios and eleven critical
habitat areas listed in North Dakota’s SWAP: whesdsg prairie, bluestem/needlegrass/wheatgrass
prairie, shrub lands, bluestem/bunchgrass praisied prairie, deciduous forest, mesic tallgrasecix
prairie, tallgrass prairie, saline grassland, fesamd ponderosa pine forest. For context, weskiew
overlap results for five major production land cerevheat, pasture, soybeans, corn, and



sunflower/canola. Scenario results for corn sugdedgtmuch of North Dakota is potentially suitafie
this crop (Figure 2b). However, much higher numledrsorn production scenarios are shown in the
eastern and southeastern portions of the staggeegraphic distribution that generally correspondkl
current crop production patterns in the state. Mafciine North Dakota land cover overlap for corn
production scenarios is comprised of pasture amwdcrops (Figure 4). The overlap results do sugthedt
approximately one third to one half of prairie hats, with the exception of fescue, could be &t ofs
conversion into corn production. Approximately ahied of shrub lands and deciduous forest potdgtial
could be at risk of conversion. Minimal areas &icige and no areas of ponderosa show risk of cdowers
into corn. Although our results suggest that muitNarth Dakota is potentially suitable for switchgs
(Figure 2c), many scenarios showed no switchgrastugtion for this state. This somewhat surprising
result can be explained by the lower expected pridty of switchgrass cultivation in North Dakods
compared to areas in the lower Midwest and Soutlfeas, Kiniry et al. 2005; Milbrandt 2005; Schmer
et al. 2008). While much of the North Dakota laoger overlap for switchgrass production scenasos i

(a) lowa corn (b) lowa switchgrass

WetHerbaceous == Land area available

C— Minimum area at risk
mmmm Maximum area at risk

3 Land area available
C— Minimum area at risk
mmmm Maximum area at risk

WetForest

Grassland

Forest
Pasture

Soybeans

Corn

i

T T

2000000 4000000

T T

6000000 2000000 4000000

o

6000000

(a) North Dakota corn

Fescue 1

Saline Grassland
Tallgrass

Mesic Tallgrass Mixed -
Deciduous Forest A
Sand Prairie

(b) North Dakota switchgrass

—= Land area available
C— Minimum area at risk
mmm Maximum area at risk

C—= Land area available
C— Minimum area at risk
mmmm Maximum area at risk

Shrublands

Bluestem/needle/wheatgrass -
=]
e
e e |
]

Sunflower/Canola
Wheatgrass

Corn

Soybeans
Pasture

Wheat

I

o0

£

il

=i

=]
Bluestem Bunchgrass ]

|

el

T

|

|

I

T

Policy recommendations

T

1000000 2000000

T

3000000 4000000

1000000

Hectares

Figure 4: Minimum and maximum lowa and North Dakota land eawmeerlaps with 2022 scenario models
for corr andswitchgras feedstock
comprised of pasture and row crops, large perceantafjbluestem/needlegrass/wheatgrass,

bluestem/bunchgrass, and tallgrass prairies caulat bisk of conversion (Figure 4). Other land ¢eve
showing significant conversion risk include wheagg prairie, sand prairie, saline prairie, deciduou
forest, and shrub lands.

T

T

2000000 3000000 4000000



We reviewed various existing policy approachesteel#o biodiversity conservation in the U.S. dragvin
on literature related to agriculture and forestmg assessed potential policy approaches for irtiagra
habitat conservation with biofuel production orvpte lands.

Our analysis indicated that we need a suit of agugres to protect and enhance biodiversity on lands
intended for biofuel feedstock production. To proenpractices thaninimize potential negative effecis
biofuel production on biodiversity such as unddngkminimum tillage, reduced fertilization, and
pesticide application, voluntary approaches andatifbnal programs serve best. For mitigating the
impacts of forest practices such as minimal cortin of roads and other structures for biomassdsir
suitable BMPs for bioenergy production need to é&eetbped by modifying and upgrading the existing
silvicultural BMPs. Tgprotect sensitive areamich as wildlife corridors, riparian zones, anéfdnstrips
identified based on regional and landscape analysasdatory BMPs may be developed. Similar legal
measures may also be necessamgstrictthe introduction of exotic and genetically modifigpecies and
varieties for biofuel feedstock production. To dedandowners undertake practi¢dbat enhance habitat
for biodiversity such as species mixtures and cobgtions, and retaining sufficient quantities af\est
residues, market based incentives are needed.

The selection of appropriate policy instrumentehiave a specific goal however will depend on the
nature of biodiversity component being protectexai/served, local institutional context, and societal
values and preferences. Designing an effectiveil@osity policy portfolio also requires setting ate
conservation goals, systematically evaluating axigbrograms, and having an adaptive management in
place to revise the portfolio as and when new méttion becomes available. An effort must also bdema
to involve all the concerned stakeholders for ihyeraach to be perceived as fair, practical, traresga
effective and affordable. Such a holistic and rstitikeholder effort may also help to garner necgssa
public, political, and financial support.

Approach

Wildlife meta-analysis

We searched for published articles using ISI WeBménce (search date: June 2008), using relevant
keywords regarding bioenergy, land cover types,(ean, pine plantation*, etc.), and biodiversitye
supplemented this search with other articles apdrts cited from relevant articles. Of the > 43(ictes
identified, we selected studies for meta-analysasdontrasted at least one potential biofuel lag&lto
another relevant land use considered as a ‘referéiabitat. From these articles, comparisons irediud
comparing corn rowcrops to grassland habitats ¢régtand Koford 2003), pine plantations to conifer
forests (Repenning and Labisky 1985), or poplantplidons to deciduous forests.

We contrasted estimates of animal abundance/deasityell as measures of animal diversity (e.g.,
species richness, Shannon’s index) between lared Wse used response ratios, IR/ X referencd, S our
measure of effect size (Hedges et al. 1999). Becabsndance/density data sometimes included 0, we
transformed our response ratio as ket 1/ Xererencd 1). We used random-effects models to estimate
differences in animal abundance and diversity afual crops relative to reference habitats, andthdre
effects differed with crop type (Raudenbush 1994¢.chose random-effects models because they
assume that effect sizes are drawn from a distobuwif effects of land use, rather than assumisipgle
common effect size for land-use differences. Wheimgle investigation reported >1 effect size for a
response variable (abundance or diversity) foioa type comparison, such as abundances of different
species or comparisons of two reference land usadiofuel land use, we treated reported effestssas
correlated observations by multiplying the weighr) by the reciprocal of the number of effect sizes
reported within the study (Bender et al. 1998) aAnsequence, the relative contribution of eaattyst

to the analysis was equal, after weighting fordampling variance (Bender et al. 1998).



We note that considering effect sizes as indepdrateadding investigation as a random effect tamaaot
for correlations produced similar qualitative résuWe further considered abundance effect sizelsifd
species as a function of regional conservation mapoe based on Partners in Flight (PIF) scoregéCa
et al. 2000). Partners in Flight uses a set ofrdgarding species population size, distributiends,
potential threats and regional abundance to qadinety rank the conservation importance score of
species in various ‘bird conservation regions’ tigfoout the U.S. Scores range from 5 to 25, with
increasing scores signifying species of greatesenrmtion concern. We regressed the species average
PIF regional scores for the U.S. and abundancetediees (111 responses of 23 species), again
accounting for >1 effect size per species by anfjgghe weight by the reciprocal of the number ftéet
sizes/species (Bender et al. 1998). We generatiedagss and bias-corrected bootstrapped confidence
intervals for each land use, and used re-sampdistg to infer significance (Adams et al. 1997).rAéta-
analyses were performed with MetaWin 2.2 (Rosenbeay. 2000).

National-level analyses

Our approach for developing national-level analysfgsotential land cover change followed the work
flow logic shown in Figure 8. The multi-criteria tpization was performed using the decision support
tool in the IDRISI Andes (Clark Labs 2006) GIS sadte package. Primary inputs for the optimization,
which are shown as the blue boxes, included detagtimates of socio-environmental suitability doop
production, “hard” and “soft” constraints on alldvka land cover change, and analyses of farm-gate
feedstock costs across the national landscape, Alegries of land area objectives based upon
achievement of the 2022 Renewable Fuel Standardanmlis crop weighting filters were both
systematically varied within the decision suppodit Running the model with these inputs, objectjve
and filters resulted in 51 scenario iterations.SEheptimization scenarios were then imported into
ArcGIS 9.3 (ESRI 2008) and utilized for determinatof overlap ranges of potential biofuel productio
areas with reference land covers as defined biNgtimnal Land Cover Database (NLCD 2001), a
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Figure 5: Conceptualvork flowchart for biofuels model and habitat oegrlanalyses



comprehensive spatial data set developed by aquahip of several federal agencies. The followinig-s
sections provide detailed descriptions for eachkvilornv box and the data sources used.

Crop suitability modelsOur approach for crop suitability modeling was titize “presence-only”
computer models commonly used to predict specidgesiand potential distributions (Elith et al. 2006
The two basic inputs for development of a presemmdg-model are: 1) point locations information of
known presence points in which a species is lo¢ated 2) detailed sets of relevant climatic,
environmental, and/or social data for the lands@apa of interest. Given these inputs, specific
algorithms are used to identify parameter threshaldtributions, and interactions across locapioimts.
Based upon these identified relationships, the himeglalgorithm then generates continuous predistion
of relative habitat suitability for the landscapeowhich the socio-environmental parameters are
provided.

A total of 27 data layers that cover the continkebtisted States were used for modeling corn,
switchgrass, and southern pine production. Of tha$eontained detailed climatic information, 2
contained social data, and the remaining layerasoet altitude. All layers were aggregated to & cel
resolution of 9 km x 9 km (81 Kinwithin ArcGIS 9.3. The content, sources, and meeessing for these
layer data sets are described in Table 1.

Because corn has detailed annual production dai&able at a county-level throughout the United&ia
we used this crop to compare the performance dfifi€rent presence-only model algorithms:
BIOCLIM, Chebyshev, Climate Space, EnvironmentatBimce, GARP, Manhattan, Maxent, SVM,
SVM-SVC, and SVM-Nu. The OpenModeller Desktop 1.$€oftware package was used as the platform
for running BIOCLIM, Chebyshev, Climate Space, Eamimental Distance, GARP, Manhattan, SVM,
SVM-SVC, and SVM-Nu. Maxent runs were performechgdilaximum Entropy Species Distribution
Modeling, Version 3.2.1 — a standalone JAVA-basedjam.

The data source for the corn presence points w@g @unty-scale corn productiom£ 3039 counties)
as reported by the National Agricultural Statisesvice (http://www.nass.usda.gov/). The pool of
potential training points for the models was lirdite a random selection containing 67% of all U.S.
counties, with the remaining counties held outifidlependent validity testing. Because the NASS data
are aggregated at the county scale, geographimo@sof county polygons were used as the spatial
location for all training counties in which corropluction was present.

Due to the large differences in corn productioemsity at county scales, we utilized a method for
weighting multiple model runs by quantile clasdes reflect different production intensity leveddl
counties that showed corn production for 2006 wani&ed according to their areal production intgnsit
(kg/ha) across the county, and then assigned ivecefjually spaced — and progressively less réseie
guantiles that correspond to this production intgn3op 20%, 40%, 60%, 80%, and Present. It is
important to note that the less restrictive quargéts are inclusive of the more restrictive Sétss, the
Present set — which is the least restrictive -uihes all points in Top 80%, the Top 80% includep To
60%, the Top 60% includes Top 40%, and Top 40%uiest Top 20%.

We used results from the individual runs for eaglrgile to set develop a production-weighted
suitability (PWS) model. To do so, we weighted ahility of each quantile, based on the average
production for that quantile, ag,w p,/ p, where w, is the weight for suitability for quantile g, apglis
the average production yields for data from quartgil The Zonal Statistics tool in ArcGIS 9.3 wasith
used to generalize the raster cell-based resutiuped in the PWS were then generalized to a ceunty
scale mean weighted suitability (MWS). This MWSresents the mean value of the PWS cells within
the boundaries of each U.S. county polygon.



Table 1: Modeling data layer list for developing suitabilityodels with data sources

Data layer

Source and processing

Altitude

CGIAR-CSI (2008); generalize to 9 km x 9km cells

Mean Annual Precipitation

openModeller (2008); gatize to 9 km x 9km cells

Mean Annual Temperature

USDA (2009); polygons tiamsed into 9 km x 9 km
raster cells.

Mean Annual Temperature Maximum

USDA (2009); polygitransformed into 9 km x 9 km
raster cells.

Mean Annual Temperature Minimum

USDA (2009); polggdransformed into 9 km x 9 km
raster cells.

Mean Diurnal

openModeller (2008); generalize to 9 km x 9km cells

Mean Diurnal Coldest Month

openModeller (2008); gratize to 9 km x 9km cells

Mean Diurnal Warmest Month

openModeller (2008);aratize to 9 km x 9km cells

Mean Frost Free Days

openModeller (2008); genexati® km x 9km cells

Mean Precipitation Coldest Quarter

openModelle0®0generalize to 9 km x 9km cells

Mean Precipitation Driest Month

openModeller (20G$3neralize to 9 km x 9km cells

Mean Precipitation Driest Quarter

openModeller @0@eneralize to 9 km x 9km cells

Mean Precipitation Frost Free Months

openModel®08); generalize to 9 km x 9km cells

Mean Precipitation Warmest Months

openModeller @0@eneralize to 9 km x 9km cells

Mean Precipitation Warmest Quarter

openModelleO®0generalize to 9 km x 9km cells

Mean Precipitation Wettest Month

openModeller (20@@neralize to 9 km x 9km cells

Mean Precipitation Wettest Quarter

openModelle0&Pgeneralize to 9 km x 9km cells

Mean Temperature Coolest Month

openModeller (2008heralize to 9 km x 9km cells

Mean Temperature Coolest Quarter

openModeller (RQfeheralize to 9 km x 9km cells

Mean Temperature Frost Free Months

openModelle€d&P@eneralize to 9 km x 9km cells

Mean Temperature Warmest Months

openModeller (2G§8)eralize to 9 km x 9km cells

Mean Temperature Warmest Quarter

openModeller (R@@Beralize to 9 km x 9km cells

Mean Wind Speed

openModeller (2008); generaliZe km x 9km cells

County Population Density

US Census Bureau (20€8)nty population density
polygons transformed into 9 km x 9 km raster cells.

County Road Density

United States Department ofidpartation major road
data set, as assembled by University of California
Berkeley (2008). Linear road density calculated for
county polygons and transformed into 9 km x 9 km
raster cells.

Standard Deviation Mean Precipitation

openModdR&08); generalize to 9 km x 9km cells

Standard Deviation Mean Temperature

openModell@dg®, generalize to 9 km x 9km cells

Using the 33% of counties not used for model tragnive then compared the predictive performance of

the corn presence-only models with two statistiesis (Table 2). The first test is the Area Under t

Receiver Operator Characteristic Curve (AUC), aghold independent measure that is commonly used
to assess a model’s success in distinguishing leetyweesence/absence (Fielding and Bell 1997). The

second test is a ranked correlation between cossdle MWS and the observed production intensity

reported by NASS for each county in 2006 and 2&&&ults from both tests indicated that the Maxent

algorithm consistently performed better than othedels (Table 2).




Table 2: Model Comparison with Test Counties, Corn Produrctidigher values of AUC and rank correlations
suggest better predictive performance of models.

AUC (Presence/absence) Rank correlation (MWS vsréduction)

Model 2006 2007 2006 200y
BIOCLIM 0.792 0.785 0.637 0.631
Chebyshev 0.844 0.846 0.742 0.752
Climate Space 0.760 0.733 0.600 0.578
Environmental Distance 0.822 0.822 0.708 0.720
GARP 0.782 0.78( 0.67D 0.647
Manhattan 0.844¢ 0.85p 0.767 0.774
Maxent 0.872 0.867 0.801 0.797
SVM 0.862 0.858 0.78% 0.781
SVM-Nu 0.844 0.836 0.754 0.738
SVM-SVC 0.837 0.851 0.76D 0.771

Based upon the results for corn, we chose to eixellysuse the Maxent algorithm for development of o
southern pine and switchgrass suitability modelesénce points for southern pine production were
obtained through detailed, county-level queriesafthern pine forestry inventories as reportechby t
U.S. Forest Servicén(tp://www.ncrs2.fs.fed.us/4801/fiadb/fim30/wcfim@8p. Similar to the procedure
described above for corn, 67% of U.S. counties wetected as the pool for potential presence pamds
counties that did show pine production were sairteal5 quantile classes. The separate runs foethes
classes were then computed into a PWS model fahsoupine.

Maxent was used to develop two different suitapilitodels for switchgrass. Presence-points foritise f
model were based upon a comprehensive dataseeftats expert opinions of projected switchgrass
biomass yields (kg/ha) at the county-level (Mill@aB005). Similar to the procedure described alfore
both corn and southern pine, 67% of counties welexted as potential presence points and a PWSImode
was calculated from the runs from 5 quantile clasaéhough this approach has the distinct advantdg
being methodologically consistent with the corn andthern pine models, the disadvantage is that the
dataset represents informed conjecture, not “realdivcultivation. In an attempt to mitigate thissue,

we developed a second model by plotting specifintgmordinates obtained through a comprehensive
review of plot and field-scale studies of switchggaultivation.Each point for this second model was
ranked according to the areal productivity (kg/teggorted at the study site. Due to the relativelalé
number of points (n=48) located in this literattegiew, only two quantile runs (Top 50% and allrgs)
were used to create a PWS for this second model.

The PWS values for corn and southern pine models w&ed as the suitability inputs for all of the
IDRISI multi-criteria analysis iterations (n=39)thincluded these crops. As described in moreldetai
below, one third of the iterations including swigichss (n=45) were performed using the expert opinio
based PWS values, one third used the literatureebB8VS values, and one third used a simple averfage
these two models.

Land change constraintBecause the EISA explicitly prohibits use of fediémads for biofuel
production, we masked these land areas from camgide in the national-scale multi-criteria anaysi
To do this, we transformed a recent USGS polygapstfile (obtained from University of California
Berkeley 2008) showing the spatial extent of alIMBLNational Forest, National Park, military baseda



other federal landholdings into a raster file. Acheonstraint was established that prevented $eteof
these federal land cells in the land use model.

Existing land use patterns as defined by the NL@&Devalso used to set soft constraints in the multi-
criteria analysis. For corn and switchgrass, aalifienction was used to make production less likely
areas with high percentages of herbaceous wetlalidsrest types (mixed, deciduous, wetland, and
evergreen), and developed areas. For pine, a siliniggar function was used to make production less
likely in areas with high percentages of wetlamt#ssiduous forest, mixed forest, wetland forest, and
developed areas. Unlike the hard constraint foef@ldands, these soft constraints did not neciégsar
rule out production for any area, but instead ettzd with other inputs (i.e., crop suitability and
estimated farm gate costs of switchgrass) to saleets of likely production. The land covers selgdor
soft constraint represent those that are eitheressty prohibited for conversion into biofuel fetmtk
(e.g., existing forests), given some jurisdictiopadtection against conversion (e.g., wetlands), or
unlikely to be converted into agricultural land (sey., developed).

Establishment of these soft constraints at a naltiscale required significant transformation of the
NLCD files. In their default format, the NLCD filelivide the United States into 14 regions and mlevi
detailed descriptions of land use at a rasteresblution of 30 rh While such high resolution
information can be directly used for research eallscales, computing efficiency makes it desirable
aggregate the NLCD into lower resolution rasteetay(i.e., greater cell size) when working at aiapa
scales as large as the continental U.S. For tbjeqtr we aggregated each land cover into indiidua
raster maps of 9 km x 9 km cell resolution andgditogether the 14 regional files to obtain seasnles
coverage for the entire U.S. No information onghass allocation of land use was lost through the
aggregation procedure, as the raster value datafdr cell was defined as the percentage of the
respective land cover type found within the bouiedaof that cell in the original high resolutior0(81 x
30 m) NLCD file. For example, an 81 krrea that is composed of 50% crop land, 40% pesamd 10%
deciduous forest would have an aggregated radteratee of 50 for the crop layer, a value of 40 floe
hay/pasture layer, and 10 for the deciduous fdagst. Values for all other land cover layers, vwhice
not shown as present, would be 0.

Farm gate cost

A final input into the multi-criteria analysis wasunty-level estimates of switchgrass farm gat¢ ags
developed by Oak Ridge National Laboratory (seén@raet al. 1996; data layer obtained by request
from Oak Ridge National Laboratory staff). Thestnestes take into account the production costs,
opportunity costs of existing and/or competing sramnd expected productivity of switchgrass fotheac
county included in the database. The farm gatewastestablished as a soft constraint for switdggra
with a linear function used to make production ldsdy in areas showing higher costs.

Weighting of inputsThe Maxent suitability values for corn and pine evereighted as 2/3 of the selection
criteria, with the soft land use constraint weighés the final 1/3. For switchgrass, the seleatriteria

were weighted as 1/3 for the Maxent suitabilitywes, 1/3 for soft land use constraints, and 1/3afon

gate cost. Although independent economic inputewet used for corn or pine, the PWS models were
developed using existing production patterns tlkaty reflect underlying economic conditions. Weish
assumed that economic factors are implicitly cagatun the PWS output for each crop. The econonfics o
corn and pine production are also indirectly caguiithrough the opportunity cost analysis included
within the switchgrass economic model.

Scenario iterations
The above model inputs were used to run a total.afcenario iterations in IDRISI (Table 3). The
different scenarios varied in 3 ways: 1) the swgtelss PWS model used; 2) the spatial extent dhtice



Table 3: IDRISI multi-objective, multi-criteria analysiseitations for biofuel crops for risk assessment.

Scenario | Corn objective (hg) SG objective (hg) Riniective (ha) | SG PWS Crop weights

1 42500000 20000000 20000000 1 C=0; SG=0.5; P=0.5
2 85000000 40000000 40000000 1 C=0; SG=0.5; P=0.5
3 127500000 8000000pD 80000000 1 C=0; SG=0.5; P=0.5
4 42500000 20000000 20000000 1 C=0.5; SG=0; P=0.5
5 85000000 40000000 40000000 1 C=0.5; SG=0; P=0.5
6 127500000 8000000p 80000000 1 C=0.5; SG=0; P=0.5
7 42500000 20000000 20000000 1 C=0.5; SG=0.5; P=0
8 85000000 40000000 40000000 1 C=0.5; SG=0.5; P=0
9 127500000 8000000p 800000p0 1 C=0.5; SG=0.5; P=0
10 42500000 2000000p 20000000 1 C=0.33; SG=0.33,3=
11 85000000 40000000 40000000 1 C=0.33; SG=0.33,33=
12 127500000 80000000 800000p0 1 C=0.33; SG=0:3338
13 42500000 2000000p 20000000 2 C=0; SG=0.5; P=0.5
14 85000000 40000000 40000000 2 C=0; SG=0.5; P=0.5
15 127500000 80000000 80000000 2 C=0; SG=0.5; P=0.5
16 42500000 2000000p 20000000 2 C=0.5; SG=0; P=0.5
17 85000000 40000000 40000000 2 C=0.5; SG=0; P=0.5
18 127500000 80000000 800000p0 2 C=0.5; SG=0; P=0.5
19 42500000 2000000p 20000000 2 C=0.5; SG=0.5; P=0
20 85000000 40000000 40000000 2 C=0.5; SG=0.5; P=0
21 127500000 80000000 800000p0 2 C=0.5; SG=0.5; P=0
22 42500000 2000000p 20000000 2 C=0.33; SG=0.33,38=
23 85000000 40000000 40000000 2 C=0.33; SG=0.33,38=
24 127500000 80000000 800000p0 2 (C=0.33; SG=033.38B
25 42500000 2000000p 20000000 3 C=0; SG=0.5; P=0.5
26 85000000 40000000 40000000 3 C=0; SG=0.5; P=0.5
27 127500000 80000000 800000p0 3 C=0; SG=0.5; P=0.5
28 42500000 2000000p 20000000 3 C=0.5; SG=0; P=0.5
29 85000000 40000000 40000000 3 C=0.5; SG=0; P=0.5
30 127500000 80000000 800000p0 3 C=0.5; SG=0; P=0.5
31 42500000 2000000p 20000000 3 C=0.5; SG=0.5; P=0
32 85000000 40000000 40000000 3 C=0.5; SG=0.5; P=0
33 127500000 80000000 80000000 3 C=0.5; SG=0.5; P=0
34 42500000 2000000p 20000000 3 C=0.33; SG=0.33.3B=
35 85000000 40000000 40000000 3 C=0.33; SG=0.33.38=
36 127500000 80000000 8000000 3 C=0.33; SG=033.38B
37 42500000 0 ¢ N/A  N/A

38 85000000 Q ¢ N/A  N/A

39 127500000 q ( N/A  N/A

40 0 20000000 ¢ N/A

41 0 40000000 @ N/A

42 0 80000000 ¢ 1 N/A

43 20000000 0 2 NA

44 40000000 0 2 N/A

45 80000000 0 2 NA

46 20000000 g 3 NA

47 40000000 0 3 NA

48 80000000 0 3 NA

49 20000000 N/A N/A

50 40000000 N/A  N/A

51 80000000 N/A N/A




area objective; and 3) how crops were weightedagaiach other to meet the land area objective. As
discussed above, current uncertainty about swidsgoroduction is the primary rationale for running
scenarios with suitability models obtained throtig different source data. The land area objectas
varied for each crop across three progressivegielaareas. Using life cycle data for each cropinbth
from the scientific literature and, in the caseiofe and switchgrass, variable assumptions for the
contribution of each feedstock to the 2022 RFScaleulated a range of minimum and maximum total
land area requirements (Table 4). Because the adtealculates the objective based upon an urtiealis
assumption that the feedstock is present on alilathe selected 9 km x 9 km cells, the aggregated
NLCD (2001) data were used to calculate the laed arthin the selected cells that would be avagabl
for biofuel production (e.g., crops, pasture, shema, barren land, and, in the case of southera, pi
evergreen forest). These calibration exercisesated that the realized available land for the mimh
area requirements was approximately met usinghfextive of 42.5 million ha for corn and 20 million
ha for both switchgrass and pine. However, thisagsumes that almost all of these available lanete
indeed used for biofuel production. Successivaitens successively increased the land area olgecti
for each crop, thereby simulating the possibilithigher land area requirements and lower planting
intensity within each cell. For pine and switchgrase doubled the area requirements for two suceess
runs, resulting in an intermediate objective ofdillion ha and a maximum objective area of 80 roilli
ha. For corn, a step-wise increase of 42.5 milliarwas used, resulting in an intermediate objecti\&5
million ha and a maximum area of 127.5 million ke weighting function describes how the model
prioritized selection of feedstocks to meet objegi thus serving as a proxy for simulating theynan
ways in which these crops may be socially priceitiin the coming years (e.g., wildlife value, water
guality, maximization of energy production, subsi@dpture, profit, etc.). Although we do recognizatt
the overall model contains inherent simplificatiovithin input layers and debatable assumptions abou
how the objective areas are defined, these problewtsich are associated with many complex land
cover change models (Wang et al. 2003; Verburd) @084) — are mitigated to a large extent by
aggregation of results from multiple iterations.

Table 4: Life cycle ranges for various crops and associkted area requirements

Feedstock Crop yield Fuel Range of Low 2022 High 2022 Existing Land area
range (Mg/ha) | conversion contribution | RFS land RFS land area requirement
range (I/Mg) to RFS area (million | area (million | (million ha) | range
(billion I/yr) ha) ha) (million ha)
Corrf’ 10-12 400 — 49( 57 10 13 28 3842
Switchgras§ 10-15 300 — 404 46 - 61 8 20 0 8 -20
Pine 7-11 257 - 300 75-15 2 8 12 14 - 20

# Corn crop yield and fuel conversion estimates2fa??2 are same as the range used by Donner and itucha
(2008). RFS contribution for corn is assumed taraimum allowable under the 2007 Energy Indepenelanc
Security Act (Sissine 2007). Because approxima6B6 of 2007 corn crop was used for ethanol prodagcthe

2007 corn land area of 35 million ha is adjustect e only show non-biofuel usage.

% Low average switchgrass yield that would be ecdoalfy viable for national biofuel production isgmyested by
Sokhansanj et al. (2009). High average switchgyidd that would be environmentally sustainableoasrthe U.S.
is suggested by Parrish and Fike (2005). Low s\gitafs conversion efficiency that would be econoltyicéable

is suggested by McAloon et al. (2000). High switetss conversion efficiency represents consensuse vsed in
recent publications (Schmer 2008). Range of RFSMgtchgrass (as the predominant herbaceous capigigested

by Biomass Research and Development Initiative 200

" Pine forestry yields and fuel conversion estimaresthe same as those used by Evans and Cohed).(RFS
contribution range (with southern pine assumedagptedominant forest crop) is suggested by BiorRasgarch
and Development Initiative (2008). Existing basdawmid for pine forestry, none of which is currentised for
biofuels, was obtained from USDA (2000).




Overlap analysislIDRISI output for each model scenario was impoited ArcGIS 9.3. These raster
outputs were aggregated using the Raster Calcutabto produce the maps shown in Figure 2. After
transforming each scenario into polygon shapefites Zonal Statistics tool of ArcGIS was used to
calculate the range of overlap area for each NL&1d lcover type with the multi-criteria analysisputs
(Figure 3, 4).

State level analyses

We reviewed the SWAPs for Florida (Florida Fish aviddlife Conservation Commission 2005),
Georgia (Georgia Department of Natural Resourc@52Worth Dakota (Hagen et al. 2005), and lowa
(Zohrer 2005) to obtain a list of critical habitgpes for each respective state. We then utilizedlable
GIS layers showing the spatial extent of thesethtshareas and significant production land usestype
(summarized in Table 5) to determine the rangeveflap with the IDRISI scenarios (Figure 3). Areas
listed as protected conservation lands in statel@éatabases (summarized in Table 3) masked as
unavailable for biofuel production. All state-levahd cover layers were generalized to a spatiaingof

1 ha for these overlap analyses. Specific mapseoygregated scenario overlap frequency (Figufer 2)
state critical habitat areas are shown in AppefBdix

Table 5: State-level data layers and sources

State Layers contained Source
Florida | Critical habitat | FWC (2004);
areas http://myfwc.com/GIS/LandCover/metadata/fl vegO8ddntm
Florida | Conservation FNIA (2009); http://www.fnai.org/gisdata.cfm
lands
Georgia | Critical habitat | Georgia Gap (2003); http://narsal.uga.edu/gap/leveichtml
areas

Georgia | Crops, pasture, | Georgia Gap (2003); http://narsal.uga.edu/gap/leveichtml
commercial pine

Georgia | Conservation USGS (2006); http://csat.er.usgs.gov/statewidertdgenserv.html
lands

North Critical habitat North Dakota Gap (2005); http://gisl.state.nd.ustiGlass/GAP/
Dakota | areas

North Crops, pasture North Dakota NASS (2005);
Dakota http://gisl.state.nd.us/LandClass/NASSColorCorgdécte

North Conservation NDGIS (2009); http://www.nd.gov/gis/mapsdata/dataéectdata/
Dakota | lands

lowa Critical habitat | lowa DNR (2003);
areas, crops, ftp://ftp.igsb.uiowa.edu/gis_library/IA_State/Laridescription/Land_Co

pasture ver_2002/LC_2002.html
lowa Conservation lowa DNR (2009);
lands http://www.igsb.uiowa.edu/nrgislibx/resultsFram@2idename=/IA_stat
e/Admin_Political_Boundary/&t=Administrative%20an@@Political%?2
OBoundaries

Policy review

We reviewed current policies and strategies, inolgidecent energy and farm bills that influenceifat
production and use of bioenergy in the U.S. thronggrnet searches and literature reviews. A SWOT
(strengths, weaknesses, opportunities, and thraasdysis of bioenergy development in the southeh



conducted earlier for another study also providadesof the insights on the impacts of bioenergy
policies in the U.S.

Drawing on current literature related to agricudtand forestry, we reviewed various existing policy
approaches for biodiversity conservation in the.Jl&se approaches mainly represent voluntary,
regulatory, incentive based and educational oreawtn policies. The strengths and weakness of paitent
policy approaches identified for integrating hab@tanservation with biofuel production on privaaadis
were assessed applying the criteria: political ptadality, administrative feasibility, effectiverges
efficiency, and equity.

Deliverables
Maps

Appendix 3 provides state-level maps of criticdbitets and their relative risk for increased biddue
production. These maps will also be made availablettp://plaza.ufl.edu/robert.fletcher/biofuels.html

Presentations

J. Evans gave a poster on this research at th@aBNQSE conference in Washington DC in December,
which can be found dtttp://plaza.ufl.edu/robert.fletcher/biofuels.html

R. Fletcher gave a seminar on this research atiyiohState University in December.
J. Evans gave a seminar on this research at Uiiivefd-lorida in January.

J. Evans is giving a presentation on this reseairthe Agriculture, Food, and Human Values Society
meeting in State College, Pennsylvania on May 8092

Publications

Fletcher, R. J., Jr., B. A. Robertson, J. M. Evafs,Doran, J.R.R. Alavalapati, and D. Schembke
review Biodiversity conservation in the era of biofuelsks and opportunities. Submitted 5/09
to Frontiers in Ecology and the Environment.

This article provides a review and meta-analysisviddlife related issues and biofuels
production, including results from Fig. 1.

Evans, J. M., R. J. Fletcher,,Jand J.R.R. Alavalapatin preparation Estimating the suitability of
biofuels production across the United States uspegies distribution modeling. To be submitted
6/09 toGlobal Change Biology.

This article provides an approach for estimatinitability of biofuels production with limited
data, as discussing in the “Approach Section” of tlocument.

Evans, J. M., R. J. Fletcher,,Jand J.R.R. Alavalapatin preparation The footprint of land-use change
from increased biofuels production to meet produrcgoals. To be submitted 8/09 to
Conservation Biology.

This article provides our multi-objective, multiteria decision support modeling of areas of risk
of land-use change.

Jagannadha, R.M. J.RR. Alavalapati, R.J. Fletarat,J.M. Evans. In preparation. Bioenergy policies
and their impacts on habitat for conservation althmited States. For submission to the journal:
Biomass and Bioenergy.

Jagannadha, R.M. J.RR. Alavalapati, R.J. Fletarat,J.M. Evans. Potential policy approaches for



integrating habitat conservation with biofuel protion in the United States: An assessment for
submission to the journgEnvironmental Science and Policy

Other communications

Wietlisbach, M. Evans, J. M., and R. J. Fletcher, lih preparation Biofuels and wildlife. To be
submitted 8/09 as an extension document for EBI®gh the University of Florida)
This article provides a practical overview of issassociated with wildlife and biofuels, focused
on Florida issues.
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APPENDICES

1A. Lists of participants in any project workshops or surveys with naméigstiand full contact
information, as well as any mailing lists usedyour project.

We developed an advisory group to help guide oukwbhe group consisted of Amy Ando (Economist,
University of lllinois), Jesse Caputo (Fellow, Eianmental and Energy Study Institute), Brent
Danielson (Landscape Ecologist, lowa State UnitgrsTodd Gartner (Forester, The American Forest
Foundation), Mike Harris (Wildlife Biologist, GedegDepartment of Natural Resources), Reggie
Thackston, Georgia DNR, Private Lands Program Manalpe Fargione (Ecologist, The Nature
Conservancy), and Shibu Jose (Director, Cooper&tiv€onserved Forest Ecosystems Outreach &
Research).

In August we had a conference call with this groaudiscuss the trajectory of the project. The folly
people participated: Brent Danielson, Reggie Kbtmn, Joe Fargione, Janaki Alavalapati, Jason &van
Rob Fletcher.

1B. Links to project websites- We will gather the original files together onr /HPRP
website to maintain them in the future and we wglhtact you with instructions later.

We have developed a websitgtp://plaza.ufl.edu/robert.fletcher/biofuels.hynwhich provides a concise
overview of the project. It will also be a deposjtéor results as the project progresses.




1C. List of publications from the projeceind where/when they will or have been submitted.

Fletcher, R. J., Jr., B. A. Robertson, J. M. Evafs,Doran, J.R.R. Alavalapati, and D. Schembkke
review Biodiversity conservation in the era of biofuelsks and opportunities. Submitted 5/09
to Frontiers in Ecology and the Environment.

This article provides a review and meta-analysisviddlife related issues and biofuels
production, including results from Fig. 1.

Evans, J. M., R. J. Fletcher,,Jand J.R.R. Alavalapatin preparation Estimating the suitability of
biofuels production across the United States uspegies distribution modeling. To be submitted
6/09 toGlobal Change Biology.

This article provides an approach for estimatinitability of biofuels production with limited
data, as discussing in the “Approach Section” &f tocument.

Evans, J. M., R. J. Fletcher,,Jand J.R.R. Alavalapatin preparation The footprint of land-use change
from increased biofuels production to meet produrcgoals. To be submitted 8/09 to
Conservation Biology.

This article provides our multi-objective, multiteria decision support modeling of
areas of risk of land-use change.

Jagannadha, R.M. J.RR. Alavalapati, R.J. Fletarat,J.M. Evans. In preparation. Bioenergy policies
and their impacts on habitat for conservation altimited States. For submission to the journal:
Biomass and Bioenergy.

Jagannadha, R.M. J.RR. Alavalapati, R.J. Fletadrat,J.M. Evans. Potential policy approaches for
integrating habitat conservation with biofuel protion in the United States: An assessment for
submission to the journdEnvironmental Science and Policy



Appendix 2. Minimum and maximum 2022 scenario overlaps with [BLR001) habitat types by
feedstock: a) corn; b) southern pine; and c)switass)
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Appendix 3. State-level maps of aggregated scenario resul@0®2 production of three biofuel feedstocks, dmrtoverlap with
critical habitats, as identified in SWAPSs.
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