December 14, 2010

Final Report of the CARB Expert Subgroup on "Comparative and
Alternative Modeling Approaches"

Disclaimer: While the subgroup benefited from the active participation of its members, not all
members had the opportunity to fully participate in the drafting of this final document.
Therefore, these recommendations do not necessarily represent full concurrence by all
subgroup members and in general should not be considered as necessarily supported by the
organizations they represent.

As land use change occurs constantly, and has sld@ye so for a variety of interacting
reasons, it is inherently difficult to isolate agle causative factor from many in a complex
system involving diverse social, economic and estasy processes. Most current estimates of
GHG releases caused indirectly by biofuels use @oamequilibrium or partial equilibrium
models to attribute conversion of uncultivated lamdeplace biofuel feedstock production on
existing farmland. . These models were createdatiynto analyze domestic farm policy,
international trade and trade policies, with lasd athange mechanisms constructed to help
achieve this analytical end. For CARB, howevee, ¢stimation of land use change is the
analytical objective. The use of estimates of LidCregulatory purposes is new and the basis
for the estimations rapidly developing. Given éwelving nature of LUC estimation and the
lack of a consensus model for LUC assessementipieylindependent methods should be
considered.

Committee RecommendatiorSARB should develop protocols for evaluating anahgaring
different types of methods for estimating ILUC

1. Continue to improve GTAP’s capacity to predict landchange response globally in
response to a change in domestic biofuel production

In particular, continuous improvements in dataamdluse and availability, estimation of
important parameters governing land conversiontadinology improvement and adoption are
necessary.

Committee recommendations: If CARB continueslyos@ey on GTAP to estimate ILUC GHG
values, then GTAP must be continuously improvethismpurpose, within the limits of
regulatory stability and predictability. All modet®ed continuous updating and improvement to
reflect the latest knowledge and data availabletialarly needed are improved data on global



agricultural and forest land supplies and use, amare regionally specific estimates of land
substitution elasticities. The “Elasticities” sutmyp has noted the sensitivity of GTAP results to
the elasticity values assumed in the model. Theemmmendations should be considered in
updates to the GTAP model. Similarly, the specftommendations of the Time Accounting
subgoup should be considered when updating itsadetbgy for lifecycle assessment of fuels.
Projected changes in agricultural practices (e.gewf genetically modified seeds, improvements
in fertilizer application, and trends toward nal filrming) and other technologies affecting land
use also should be included as confidence in thasimess of the projections permits. CARB
should work with USDA, FAO and other widely recagui sources of data to determine where
sufficiently detailed and up-to-date data on lars& and agricultural productivity are

particularly limiting and provide funding to helpdse data collection efforts. For California,
current national agricultural census data may nefiect California’s unique farming systems
and markets. Other important factors that can denover time include changes in demand for
crops caused by population growth, wealth, or diefaractices, shifting markets for

agricultural products, and changes in land use @ek and practices that may influence patterns
of land use change. Lastly, the fuels favored ARRB’'s LCFS methods will result in increased
demand and could alter land use patterns as a testis not clear if CARB’s methods and its
reliance on a static model such as GTAP can accaeadithis dynamic, time sensitive outcome
of the use of the model itself. Options for depialyp a dynamic model version of GTAP are
being considered. This should be assessed futh&ARB.

These recomendations, resulting changes and thelmagse and assumptions should be
reviewed periodically by scientists independer@ARB and the core GTAP user group, with no
direct interest in the model’'s selection as theraiy analytical tool. GTAP’s use and
assumptions must be as transparent and accessilhetpublic as possible. External review
will facilitate valuable insight to the GTAP usangp and greater confidence to the public.

Committee recommendations: CARB should work witidire GTAP model developers and
other expert groups to enhance the GTAP model aedtablish an independent review
capacity.

For the short term, the sugroup was also askeewew the July 2010 update for corn ethanol
prepared by Purdue. In that update, three setesilts were presented: one based on 2001
baseline information, a second based on updatextnmtfon through 2006 and a third assuming
growth in demand and supply were represented bynagBons of popultion growth and
extrapolations of uniform global crop yield. Whikxognizing the importance of appropriately
predicitng increases and supply and demand (antbfasuch as crop yield), the subgroup
recommended the use of the “second” model strucsréhe best currently available version of
GTAP. If CARB is to conduct additional modelingobe a further enhanced version of GTAP is



available, this second version which includes sapaated information through 2006 should be
used.

2. Compare GTAP with other economic modeling approachgto ILUC estimation.

2.1 CARB has chosen the GTAP model as the meastitoate ILUC for the LCFS. US EPA,
in contrast, has chosen to use a set of differetats and an empirical technique, remote
sensing, to estimate ILUC. USEPA uses FAPRI, &ga&quilibrium model, and FASOM.
FASOM is a national (US) dynamic equilibrium model thatounts for the agricultural and
forestry sectors. It can be used to estimateffieets and value of carbon sequestration and
related policies on land use in the United Stafe&PRF is a partial equilibrium model of
agricultural and select liquid biofuel markets thmeiudes estimates of the effects of agricultural
trade, in this case the effects of corn and soylbearfor biofuels, and supply decisions on prices
and land use both domestically and abroad. Predgbf biofuel-induced land changes from
FAPRI are complemented by satellite data analyamised out by Winrock International in ways
that are not entirely transparent.

Further, EPA evaluates new biofuels in the contéthe change in the quantity of renewable
fuel from a known and explicit base from the impartation of the policy. CARB-LCFS does
not, it scores the fuel based on an arbitrary ceam@g quantity of the fuel produced unrelated to
the policy context with perhaps less scrutiny @f blase value. The choice between these two
approaches influences the model choice and woutkhgally result in two different answers if
one expects non-linearities in market behavioragitultural and energy policies. These non-
linearities or the importance of the baseline amsaered in a model comparison piece by the

assert such non-linearities are not well represienithin the models analyzed.

The more significant the non-linearities in markatgolicies, the greater the difference between
the two approaches is likely to be and the more@pjate it would be to score the fuel in the
actual context of policy implementation. The fugtdre’ solution may only be valid locally, the
guestion is how locally.

This method of scoring the fuel (establishing a Gétfission rate per unit of energy) is not
indicative of what the effect of the policy is ligdgo be in California or the US as a whole. For
example, does the California program promote tleeafisow GHG fuels in transportation or
does it, for example, just result in low GHG fuk&sng shipped to California rather than being
used elsewhere under the concurrent obligatiotiseohational RFS2. Because the policy effect

*http://agecon2.tamu.edu/people/faculty/mccarl-bruce/papers/1212FASOMGHG doc.pdf
http://www.fapri.iastate.edu/about.aspx
*http://re.jrc.ec.europa.eu/bf-tp/download/ILUC modelling comparison.pdf




is not being analyzed, additional calculations sagltonsumer costs of policy of implementation
or actual effects on commodity prices and therefooel costs domestically and internationally
cannot be known. CARB should be cautious abouttisgeolicy effects in light of this.

GTAP is probably the right model to score the fm&r an arbitrary change in quantity, but it
could be argued it may not be the ideal model, auld/be incomplete in analyzing the effect of
the policy in the way EPA has, which attempts ttaoba fuel score from the application of
policy, and where additional detail in agricultunadrkets are needed. The impact of the chosen
baseline path, the base on which the model impamsesbitrary or policy-induced change in
biofuel production, will influence the fuel scoremlicy impact if non-linearities exist in the
model.

2.2 The European Union JRC model comparison (FRKZ). The Europeans have brought
together several modeling groups, most recentlgtbap using the MIRAGEmModel to make
direct comparisons among the economic models wseder land use changes associated with
agricultural biofuels. This comparison includesignificant effort to establish common
assumptions, essentialfor comparison of model iehand predictions. The authors assert
baseline paths are not relevant given the linereaf models and given their analytical
objectives to compare scenarios with arbitraryaases in biofuel production. This study is
unique within the field of agriculture modeling fits strenuous effort to undertake a pure
comparison of model behavior. Estimates of larelalange or emissions remain diverse. The
authors list yield response to price, locationesponse (developed vs developing world) and
treatment of the co-products of biofuel productidhe regional location and area or scale of
response is in part a function of the differencenisdel structure between Armingtostyle
models which track bilateral trade flows and natlée- models which do not track origin and
destination of commodities and assume homogenemasgbut also on the relative area
response elasticities around the world. Yield respdo price is a key uncertainty which the
CARB-LCFS workgroup also has under examination. dikiersity of estimates in the models
analyzed is reflective of the uncertainty surromgdiis response. Differences in co-product
treatment appear to be primarily from one outlyimgdel. Co-product treatment from the

*http://www.cepii.fr/anglaisgraph/workpap/summaries/2002/wp02-17.htm

® An Armington elasticity is an economic parameter commonly used in models of consumer
theory and international trade. It represents the elasticity of substitution between products of
different countries, and is based on the assumption made by Paul Armington in 1969 that
products traded internationally are differentiated by country of origin.and, generally, that bilateral
trade flows are “sticky” with quantity changes lagging what would be predicted by price alone.
The Armington assumption has become a standard assumption of international computable
general equilibrium (CGE) models. These models are said to generate smaller and more
realistic responses of trade to price changes than implied by models of homogeneous products.:




transformation of grains and oilseeds is being eskird by the co-product workgroup. Other
large diffrrences among predictions were reportéden with significant effort, important
limitations to the authors’s ability to align difemt predictive models remained unresolved.
Nevertheless, this was an important effort anchierrivork should be supported by CARB. An
obvious conclusion from the comparison is thateslght models report different results when
asked the same question, so the choice of a m®dédao in an important way a choice of a
result. The elements which are the primary causgbedflivergent outcomes are among the
factors being considered by the LCFS subgroupsshutld receive particular attention given
their disparate treatment and resulting model oug This may require financial support and
significant effort.

Committeaecommendation: Over the next year or so, CARB disrtlup a permanent
technical capacity internally, or preferably, antesnal advisory group to systematically review
and compare ILUC GHG estimates from the diverseatsoahd complementary assessment
approaches used elsewhere in the US and Europe.

3. Compare model predictions with data for land use cange, especially domestically

The assessment of lifecycle GHG emissions of tramiafon fuels is relatively new and is in a
period of rapid development. No one model or $§@nadels can be expected to do the ‘best job”
in performing a lifecycle assessment. This isipaldrly true in the case of indirect impacts of
biofuels whose lifecycle GHG assessment are gra#tlyence by data and assumptions
regarding agricultural system response to greatdndd demand, especially land use changes
which result in changes in carbon stocks. WhileRBAmay be limited in its choice of models
by considerations of transparency, other databagptbaches can be used to directly calculate
GHG estimates for fuels. We note that CARB haslzdse to use proprietary information and
modeling results in other regulatory settings am&y tme unnecessarily restricting itself to the use
of GTAP results only in its LCFS analysis. Compans with data are complicated because
GTAP tries to issolate changes dues only to cropashel for biofuels, hodling all other factos
constant, while markets adjust to a entire rangaostible, complex influences on behavior.
Additionally, eoncomic modeling such as used he®scot lend itself to tranditional
verification methods such as experimentation (obsgrwhat happens with and without a
stimulous). Nevertheless, comparisons of premhistirom GTAP with actual behavior of
domestic markets and land conversion should bealgessr some or all of the 2001 to 2009
period, during which biofuel production expandepezsally in the United States but also
elsewhere. A systematic comparison of GTAP modedipitons of domestic land use change
and crop exports with the empirical data during feriod will identify whether the direction of
changes predicted and their magnitude correspoadtt@l market occurences. If both the
direction and magnitude of changes observed, eapetithe role of biofuel production in the
data can be isolated correspond with model preaiigithen confidence will increase for relying



on existing GTAP results. Where results diffegs differences should be used by CARB to
focus on (1) either confirming GTAP results are itin@st appropriate or (2) developing
improvements in GTAP.

An example of a systematic approach for examirnnegampirical data was recently presented as
slides and a short talk at the October CARB worlgngup meeting by Oladosu and Kline
(2010). When this study is available for peereewiit may offer or lead to a useful means of
reality or iterpreting estimates based on econanudeling.



The text in this box was provided by the authors of the study and does not represent the
consensus opinion of the sub-group. The subgroup had no opportunity to review or dicsuss
the technical merits of this study and several of of its membersregard this still unpublished
work as premature to includein thisreport.

The study employed an index decomposition ana(yi8), which is a comparative statics
technique for ex-post estimation of the contribagiof individual factors or group of factors
to the change in a given aggregate variable, ibthker factors are held constant (Albrecht et
al, 2002). In essence, given a logical relationstefwveen the aggregate variable and its
determinants, IDA allocates changes in the forméhe individual determinants undssteris
paribusassumptions. This methodology is widely applieddecomposing the drivers of
energy use and its environmental implications anliterature and by a number of national
and international agencies (Ang and Zhang, 2000abd Ang, 2007). It bears some
resemblance to the Causal-Descriptive approachrtexpby Bauen et al., (2010) discussed
below. The analysis presented by Oladosu and K#6&0) defined a chained relationship
between corn use for ethanol and corn supply (priboiy, stock and imports), corn use
(allocation of the domestic portion of supply amalifferent uses, share of domestic use in
supply, and corn land use (yield, inter-crop larah$fers and total cropland) factors. The ajm
of the study was to examine the role the abovefactvhich include the primary drivers of
indirect land use change, rather than to calcuhatieect land use change. The IDA was
applied to examine the market and land use resgortee quintupling of corn use for ethanol
between 2001 and 2008 through these factors. Tidy’stfindings suggest that the U.S.
market response may be more flexible than currergbymed in model estimates of indirect
land use change. Most of the increases in corriausgthanol were found to be due to the
reallocation of the domestic portion of supplyavdr of corn ethanol, and away from other
domestic uses, such as feed. In contrast, incréasies domestic share of supply, which is
most important source of indirect land use changes, found to contribute a much smaller net
amount over the 2001-2008 period relative to thardautions from domestic use reallocation
and increases in production. The study also caiesilhat the net production contribution
during the period was mainly due to yield changé) mter-crop land transfers and new land
conversion playing smaller roles. This type of ge@l could be extended to other countrieg to
examine the role of demand and supply factorserctrange in production/use of various
crops. The agglomeration of such global decompsitesults could shed light on the role o¢f
the different factors often associated with inditaad use change emanating from U.S.
ethanol production.

Data sources used in developing the GTAP modehgssons may be incomplete or inadequate.
Some original research may be needed to find waygegrate diverse sources of data
concerning economic performance in the crop, lmestand forestry sectors sector during the
period of interest for purposes of comparison. Sdata may be available to compare GTAP
predictions to actual land changes in the bif(//www.ers.usda.gov/publications/eib14/




http://www.arb.ca.gov/fuels/Icfs/workgroups/ewqg/870illinois.ppt;
http://www.ers.usda.gov/Briefing/LandUse/agchanggdér.htm). This data may be derived
from NASS {ttp://www.nass.usda.goy/ NRI (http://www.nrcs.usda.gov/technical/NRJ/and
other national sources, and from livestock fee@ind other uses
(http://www.ers.usda.gov/data/feedgrainkttp://usda.mannlib.cornell.edu/usda/current/FDS-
yearbook/FDS-yearbook-03-04-2010_ Special_Repor),défittle to no conversion of forest to
cropland occurred despite expansion of biofuel petidn, then such data can be used to correct
GTAP-based estimates of GHG intensity for Biofuelere such estimates contribute
significantly to the value used by CARBtip://www.fs.fed.us/ne/fia/spatial/index.html
http://www.fire.ca.gov/resource_mgt/resource_matedtpractice gis.php. Alternatively, land
cover data analysis could be used with reasoneatdd of confidence
(http://landcover.usgs.ggv/ Traditional sources of data might be combindth vand cover
analysis over time for this purpose. If GTAP potslichanges in forest land to crop land by
agricultural management zones, then more focusalysis might be feasible if broader
coverage was unworkable.

Committeaecommendation: In the near term, CARB should eaviéxe its conclusion that it
must use only models which are publically availaaleh as GTAP since use of other models
and their results would likely improve confidenkets lifecycle assessment of biofuels. Over
the mid to long term, CARB should fund a studyw#luate existing domestic land use data and
relevant market and economic data to determinéiefiaate means can be established to verify
predictions from GTAP and any other partial or gexleequilibrium models used to infer the
land use consequences of crop-based biofuel us&BG&hould first compare results for fuels
that are produced domestically including biofuelsquced largely from domestic feedstock in
recognition that (1) the best data and other infation likely is available for domestic fuels and
(2) significant disparities in analysis of domesdtiels will suggest a serious concern with model
result that must be resolved before consideringrivdtional impacts. CARB should identify
data gaps and work with other groups and governragencies to address these gaps. ) CARB
should adopt a disciplined approach to reviewing ldtest relevant analyses in particular for
biofuel impacts on land use and carbon changeatp $ignificant differences from then current
GTAP results and to determine trends in model apgnes that could be considered for GTAP
improvements or for use of alternative models thaet CARB requirements for transparency.

4. Alternate approaches to addressing Indirect llsel Change.

4.1 Bauen et al., 2010, report the results of tarrative approach to modeling the effects of
increased biofuel demand on ILUC. They used aatalescriptive methodology based on cause
and effect logic to identify and estimate ILUC effe It makes explicit use of stakeholder input
to identify and order cause and effect. They eataldive different biofuel feedstocks: palm oil,
rapeseed (canola) oils, soybean oil, wheat andrsaige, but not corn. They used statistical
analysis of historical market trends, market anajyand expert opinion and a literature review to



help create logical quantitative relations amongseaand effect pathways. They used data from
US EPA and Winrock International for terrestriattu@an stocks in different landscape regions

and for analysis of historical land use changeepast Different assumptions (scenarios) are
described as an approach to accommodate some wifitleetainty inherent in projecting future
land use changes in response to unknown econorartevThey reported that their methods
predict that some biofuel uses and policies carm areseeable large effects on land use change,
but that these vary significantly depending onfdezlstock and scenario anticipated. The largest
GHG effects for biofuel use were associated witlmpail and rapeseed oil in their analyses.
Wheat use for biofuel under British conditions laaldnd-sparing effect.

This approach is dissimilar to that used in the ®TrAodel and chosen by CARB. The GTAP
model, a CGE model is an economic optimization rhtits incorporates a wide array of
economic industries and activities to estimatestffiects of changes in the conditions of trade on
economic behavior around the world. These chamghsde land use in diverse agro-ecological
zones around the world. Land use change is irddyased on model outputs and tiegeris
paribusassumption that only biofuel crop demand changes.

An advantage of the Causal Descriptive Approachpared to GTAP is that other factors than
markets and land values might be incorporatedueBat al, however, fail to include some of
the most important drivers of land change in tbairse and effect chains. These have been
described by Kline et al, Turnet al, (2007) and others Through a review of theditigre
examing deforestation and land use change in @mbpagions, Turner et al describe emergence
of the field of “land use science,” which examiries role of local practices and phenomena as
well as the influence of national policies and intgional market forces.

A brief review of this extensive literature revetiat GTAP and similar trade models represent a
rather one-dimensional view of land use changeighdtely to result in potentailly significant
over- or under-attribution of the role of intermatal market demand for biofuels in local land
management and change.

For example, current land use patterns in aredslaige terrestrial carbon stocks like tropical
forests include frequent use of fire to maintaimdli@enure or to support shifting agriculture.
These practices are encouraged by a lack of sosi#utions and markets that allow for more
durable and productive investments in the prodeqgtietential of land. Biofuel demand provides
opportunities for the development of markets, whitdpire the need for more secure land
tenure, create conditions for investment, and emegoroductivity. The consequence of this
cause and effect land use chain is that shiftind lase and chronic dependence on fire is
reduced. The counter-intuitive effect of biofuehaand can be the conservation of terrestrial
carbon stocks, not their depletion. Recent chamgsscial incentives in Brazil provide an
example of these effects at work. Such causahstaie absent from most analyses, including
Bauen et al. (2010). For these reasons, we sutigegSCARB also consider the use of direct
studies of land change in critical areas with laegeestrial carbon stocks and important levels of
biodiversity. Such studies are exemplified byinedel presented by Dr. Ted Foin during an
expert work group meeting and designated collelstiae “land change science.” (Turner et al.
2007).



To reduce the risk to terrestrial carbon stockslargke additions of C to the atmosphere from
their loss, Bauen et al., recommend measureséottiiprotect high carbon stock land. While
measures to protect lands high carbon stocks steutdnsidered and supported where
determined appropriate, CARB does not have authovier these lands and very limited if any
ability to influence measures to directly proteigfthcarbon stock land. In general, we do not
support CARB adopt specific recommendations whiagfside of CARB’s authority or mandate.
The authors also recommend the use of land withsleihorganic matter levels or the production
of crops and use of management practices whichecegsor increase soil carbon, the use of
advanced, high yielding agricultural methods thatease yields at a greater rate than inputs
used for production, better supply chain efficignmymplete use of co-products and associated
integration of crop and livestock systems to optemesource use and minimize the landscape
footprint of these systems. They call these apgres action-based and contrast them with the
use of ILUC factors generated by models like GTAReir analysis leads to a preference for
specific actions over the use of inferential valgeserated by models. In the LCFS context,
however, we note that some of these apply to dirtgd€ and the others, by increasing yields,
will reduce ILUC for a given pathway (and good mioatewill show this) but not eliminate it.

Ecofys, the World Wildlife Fund for Nature (WWF)@&onservation International (Ecofys
2010) provide such an action-based approach tceasidig iLUC. Rather than assign fuels with
a score based on quantitative modeling of inteonatimarket responses, the Ecofys
“Responsible Cultivation Areas” (RCA) methodologstablishes qualitative factors which can
be used to identify and categorize feedstocks ael$ based on their likely relative risk of
inducing iILUC. Under the RCA methodology, feed&®that do not create new incremental
demand for land, including waste-based feedstdbksge that can be grown on land not
providing other services, or those that result finoreased yields on lands currently under
cultivation could all be viable for crediting asgéble for producing low carbon fuels. In
stakeholders discussions on iLUC in Europe, rebeascat the International Union for the
Conservation of Nature (IUCN, 2010) have put faithilar concepts for addressing ILUC
through a risk mitigation approach that identifoeactical land management and governance
conditions under which land use can be considenedikk of increasing GHG emissions.
These risk-mitigation approaches would requireifogation or a similar site-based verification
of conditions and practices. They would also regjthe buy-in of feedstock and fuel producers,
no small task given the diversity of players in tharketplace. While such approaches would
undeniably add to feedstock and fuel productionis;deey have great potential to provide a
stronger empirical basis than modeling does togaui#i the risks of iLUC resulting from greater
demand for biofuels. We note, however, that thdeuthe Ecofys approach and perhaps similar
approaches, although lands might currently notdsel dior crop production, this does not
preclude their being used for crop production mfilture. Similarly, we again note that while
increasing yields may lower the need for expandegd and, only when yield increases outpace
crop demand increases would there be no net ingpaletnd use due to biofuel demand.

Another consideration raised by Bauen et al andretls that ILUC factors are only a static
picture of potential effects from biofuels, whileetreal consequences are dynamic and change
over time due to many factors, and take time tancd@ he use of quantitative scores as a policy
approach to addressing iLUC could affect the factbemselves by changing demand and other
conditions upon which they depend.. Thus demantbie ILUC fuels will increase the demand
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for those same fuels and in turn increase the Ilf&at@r. They also note the significant and
irreducible uncertainties with static assessmeas&th on models. Since the ILUC factors are in
reality dynamic, they should be subject to frequemtsion, but this in turns leads to regulatory
uncertainty, a conundrum.

4.2 Incorporate Land Use Change science/modelingné calibrated remote sensing into the
LCFS regulatory approach.

One alternate method would be to assess land clamgeeted regions of special concern

based on historical records as well as current tanng methods, including remote sensing
carried out with a high degree of accuracy baseground truthing and local calibration. The
objective of this approach would be to documerdsaif observable land use change, and
compare observed rates with historical ones whessiple. This method would not reveal the
reasons for land use change, but would providengmirecal basis for estimating its scale and

rate, and provide continuously updated and impi@estimates of both. A recent NRC (2010)
publication sets forth a valuable set of recommaadsa to enhance and validate remotely sensed
data for use in LUC analyses. CARB should aideteforts, including local ground-truthing

for the most significant areas to be protected.

The problem of isolating the effect of biofuel puation from the simultaneous influence of

other factors remains for a comprehensive modekggcise to resolve. To assess the causes of
land use change in critical or significant locaiphowever, additional information is required. A
complimentary approach could analyze in detailddugses of land change in selected areas of
particular interest and importance by using scaualeys, analysis of historical patterns of land
use changehftp://www.arb.ca.gov/fuels/Icfs/workgroups/ewg/610time-acct.pp} and

ecosystem simulation modeling methods. Examples ekefforts to model the complex land
use change systems that occur in less-developexhseg

( http://www.arb.ca.gov/fuels/Icfs/workgroups/ewg/810thailand.pdf ). The role of prices for
corn grain and its substitutes on land managenmaisidns can be estimated where such models
exist as part of the complex set of factors moiigptand change. Combined with survey
methods, these two approaches would provide sutstaanfidence that if land use changes, its
causes and extent can be more accurately identifeedwhen using inferential estimates from a
global scale equilibrium model. The use of sitiadlamodels and social survey methods,
especially if developed for areas identified atiaai with respect to terrestrial carbon storage
and biodiversity, will provide greater certaintyoaib the causes of land change resulting from
crop-based biofuel production and use. Since CARBvs independent estimates of GHG
values for biofuels, it would have greater flextlgiland confidence about the usefulness and
accuracy of its own ILUC estimates if it had emgaftievidence for actual behavior in the most
critical regions needing protection from developmen
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Committee recommendations: As a longer term ef@A&RB should develop the research
capacity to carry out empirical verification of ldruse change for critical areas around the
world with high terrestrial carbon stocks, and &®lected areas of the US landscape that are
predicted by GTAP to be affected. Should thesetsfbe shown not to occur or to occur at a
scale less or greater than predicted, CARB’s ILUBGmethodology can be adjusted
accordingly

CARB should fund research that directly studiesllahange processes in selected critical areas
with large terrestrial C stocks using dynamic siatidn modeling and social survey methods.
Results from these analyses should be used to wvagsiimates of ILUC GHG emissions based
on GTAP. This might be carried out in cooperatigth other affected parties with similar
interests like US EPA or other multi-state agenaegroups.

CARB should evaluate adopting the Causal Desceptipproach to modeling ILUC reported by
Bauen et al. If the evaluation finds that this imoefology can produce resonable results
comensurate with other approaches, it could be icened an alternative source of ILUC
emissions factors. Additonal Causal Descriptivhpasy that reflect the potential for positive
effects on forest and other natural land conseonratshould be added to those proposed by
Bauen et al. These can be parameterized by lacal thange science studies in areas with
critical conservation needs previously discussed.

In the near-term, CARB should consider participgtin other efforts and forums to establish
verifiable, site-based methods to directly reduelikely occurrence of LUC, such as the joint
Ecofys/WWEF/CI effort to define Responsible CultbrafAreas, and the Roundtable on
Sustainable Biofuels. The Ecofys modeling approaplesents a simpler approach which
merits consideration. Persistent uncertaintiesrafie magnitude of iLUC magnitude as well as
the ever-changing nature of international mark&ad use, and terrestrial carbon dynamics
create some doubt as to whether investments by GamBothers) in further improvements to
GTAP and underlying databases will increase thdidence in results and their acceptance by
key stakeholders. So, in addition to evaluatingeotmodels of iLUC, over the longer-term
CARB should also formally weigh action-based atetisased approaches to mitigating risk of
ILUC, such as biofuel certification, as an enhaneatrio or even an alternative to quantitative
iLUC modeling.

5. Model integration: CARB should establish a process to review negr@rhes to

estimating ILUC as these are developed and puldighthe peer reviewed literature. For the
sake of consistency and fairness, it is desirdiaeadll fuels are evaluated using a consistent set
of tools. For this reason it is unlikely to be gireable to allow different obligated parties to be
regulated according to different methods of analy$iowever, if new methods of calculating
the land use emissions of some or all regulateld fue developed, CARB should periodically
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review the new methods and determine what changgsoe appropriate to their methodology.
Keeping the analysis current must be balanced sigthia need for regulatory stability. Given
the time and expense required to revise the laaatlidnge emissions analysis, a revision
frequency of three to five years seems appropriiteese revisions should include external
expert review of proposed estimates and the methseld. Coordination of this ongoing
analysis with other regulatory agencies in the ti8,EU or elsewhere may facilitate an ongoing
open process of revision, as well as allowing dgwelent of standard tools and databases.

In many cases new analysis of indirect land usesoms or related phenomena may not be
developed using identical terms, definitions, detesr assumptions, which can hamper direct
comparison between approaches and hinder the adagtparts of alternative approaches.
Jumping from one model to another will undermine skability of the regulations, and so it is
preferable to adapt existing models to incorponate information than to replace the underlying
models. It may be possible to develop meta-madtielisattempt to compare different approaches
in a consistent way. It may also be possible ®the new approaches to inform a qualitative
sensitivity analysis of the primary model or moddlinderstanding what factors -- whether
structural parts of the models, or underlying aatassumptions -- significantly alter the results
can inform refinements in the model or in the wag inodel is applied.

Encouraging researchers to use, as much as pggsbibleamework and datasets of the models
adopted by CARB as the basis for future work vatifitate the ongoing refinement of these
models. Establishing a process for different ratpuly bodies to share as much as possible a
common set of models and datasets will make th& wbiuture researchers more valuable and
the regulatory efforts more tractable.

Committeaecommendation: Starting immeditatly and contindmgthe long term, CARB
should work with other regulators in the US andadu to establish a framework for new
analysis of land use change that would facilitateorporation of new data and analytical
methods into existing regulations. Developmenhisfframework could be assisted by the
external advisory group described in Section 2 &bov
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