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Introduction

Background of Indirect Land Use Emissions Analysis

The United States Environmental Protection Agency (EPA) has undertaken a lifecycle
assessment of the greenhouse gas (GHG) emissions associated with increased renewable fuels
production as part of the proposed revisions to the National Renewable Fuel Standard (RFS)
program. The Energy Independence and Security Act of 2007 (EISA) set the first-ever
mandatory lifecycle GHG reduction thresholds for renewable fuel categories. The Act requires
EPA to conduct a broad lifecycle analysis of expanded biofuel use, including emissions
associated with indirect land use changes.

Several new pieces of analysis were developed to support this lifecycle assessment. Two
important parts of this analysis are determining the extent, type and location of land use
conversions occurring due to biofuel production and developing emissions factors for land
conversion. Work done by Winrock International (referred to as Winrock, hereinafter) for EPA
addresses these issues by determining the extent of land use change using MODIS imagery
from 2001 and 2004 and estimating emission factors for each type of land use conversion for a
number of key agriculturally producing countries around the world.

EPA used the work done by Winrock to estimate emissions associated with indirect land use
changes both domestically and internationally. EPA relied on the Food and Agricultural Policy
Research Institute (FAPRI) model to project location-specific increases in cropland across the
world as the result of increased biofuel production in the United States. The next step of the
analysis was to decide which land types would be converted to cropland in each of these
countries. EPA based the determination of land use conversion on an analysis of historical land
use trends using MODIS satellite imagery from 2001 and 2004. Winrock conducted the satellite
imagery change detection analysis and determined which land use types decreased or
increased at the country level during this time period. EPA used this trend to assign land use
conversion types to new cropland. Winrock also calculated the GHG emissions resulting from
this projected land use change by compiling world-wide data on carbon stocks in different land
types. The emissions factors used accounted for changes in above and below-ground biomass
carbon stocks, changes in soil carbon stocks, lost forest sequestration, land clearing with fire,
and emissions from rice cultivation. Winrock followed Intergovernmental Panel on Climate
Change (IPCC) (2006) guidelines when calculating the change in carbon stocks resulting from
the projected land use changes. The peer review detailed in this report focuses on the satellite
imagery and emissions factor sections of the indirect land use changes section of the RFS
program review.

Indirect and Direct Emissions in the Lifecycle Analysis

The definition of lifecycle analysis set forth in EISA 2007 includes both direct and indirect
emissions related to the full fuel lifecycle. EPA defined direct emissions as those that are
emitted from each stage of the full fuel lifecycle, and indirect emissions as those emitted from
second-order effects that occur as a consequence of the full fuel lifecycle. For example, direct
emissions for a renewable fuel would include net emissions from growing of renewable fuel
feedstock, distribution of the feedstock to the renewable fuel producer, production of renewable
fuel, distribution of the finished fuel to the consumer, and use of the fuel by the consumer.
Similarly, direct emissions associated with the baseline fuel would include net emissions from
extraction of the crude oil, distribution of the crude oil to the refinery, production of gasoline and
diesel from the crude oil, distribution of the finished fuel to the consumer, and use of the fuel by
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the consumer. Indirect emissions would include other emissions impacts that result from the
effects of fuel production or use, such as changes in livestock emissions resulting from changes
in feedstock costs and livestock numbers, or shifts in acreage between different crop types. The
definition of indirect emissions specifically includes “land-use changes” such as changes
between forest, pasture, savannah, and crop land types. Most of the charge questions in this
peer review are concerned with the international indirect land use impacts analysis.



Background of Peer Review and Overview of Results

From May to July 2009, EPA arranged for several peer reviews to be conducted regarding
aspects of its revisions to the RFS. Each of these reviews focused on the projection of
emissions from indirect land use changes associated with increased fuel production as specified
by EISA 2007. ICF International, an independent third-party contractor, coordinated the peer
reviews and adhered to EPA’s “Peer Review Handbook “(3" Edition).

The peer review process summarized here focuses on the Winrock analysis of the historic
satellite imagery and the calculation of emission factors associated with land use conversion to
cropland.

EPA’s work assignment requesting the peer review required that peer reviewers be established
and published experts with knowledge of the following topics:

Satellite imagery to track and characterize land use change

e Land use change economics

¢ Interactions between cropland, forest, pasture and other types of land and how this is
impacted by changing prices of commaodities

o Determining GHG emission releases for different land use conversions

e Greenhouse gas emissions from land use

Using these criteria, the contractor developed a list of qualified candidates from the public,
private, and academic sectors. The contractor compiled candidates from the following sources:
(1) contractor experts in this field with knowledge of relevant professional society membership,
academia, and other organizations; (2) Internet searches; and (3) suggestions from EPA.

Nearly 30 qualified individuals were initially identified as candidates to participate in the peer
review. Each of these individuals was sent an introductory screening email to describe the
needs of the peer review and to gauge the candidate’s interest and availability. Also,
candidates were asked to disclose any real or perceived conflicts of interest (COI) or other
matters that would create the appearance of a conflict of impartiality. Candidates also were
asked to provide an updated resume or curriculum vitae (CV). The contractor reviewed the
responses and COI statements and evaluated the resume/CV of individuals who were
interested for relevant experience and demonstrated expertise in the above areas, as
demonstrated by educational degrees attained, research and work experience, publications,
awards, and participation in relevant professional societies.

A number of candidate reviewers were unable to participate in the peer review due to previous
commitments or real or perceived conflicts of interest. The contractor reviewed the remaining
gualified candidates with the following concerns in mind. As stated in EPA’s Peer Review
Handbook, the group of selected peer reviewers should be “sufficiently broad and diverse to
fairly represent the relevant scientific and technical perspectives and fields of knowledge; they
should represent balanced range of technically legitimate points of view.” As such, the
contractor selected peer reviewers to provide a balance of complimentary economic, policy, and
technical perspectives by including experts with expertise, knowledge, skills, and experience in
each of those fields. In addition, balance was sought by including experts from both academic
and non-profit backgrounds, as well as individuals with experience working on these issues in
the United States and internationally. The contractor submitted the proposed peer reviewers to



EPA. In accordance with the EPA Peer Review Handbook, EPA reviewed the list of the
selected reviewers with regard to conformance to the qualification criteria in the contractor’s
work assignment, which was established prior to the reviewer selection process. EPA
concurred that all of the contractor’s peer review selections met the qualification criteria.

The contractor contacted the following five peer reviewers who agreed to participate in the peer
review:

Dr. Holly Gibbs, Stanford University

Dr. Richard Houghton, Woods Hole Oceanographic Institution
Dr. Rattan Lal, Ohio State University

Dr. Jason Tullis, University of Arkansas

Dr. Brian Wardlow, University of Nebraska

arwdE

In addition to the initial COI screen mentioned above, the contractor asked the peer reviewers to
complete a conflict of interest disclosure form that addressed in more depth topics such as
employment, investments/assets, property interests, research funding, and various other ethical
issues. The Peer Review Handbook acknowledges that “experts with a stake in the outcome —
and therefore a conflict or an appearance issue — may be some of the most knowledgeable and
up-to-date experts because they have concrete reasons to maintain their expertise,” and that
these experts may be used as peer reviewers if COI or the appearance of the lack of impartiality
is disclosed. However, upon review of each form, the contractor and EPA determined that there
were no direct and substantial COl or appearance of impartiality issues that would have
prevented a peer reviewer's comments from being considered by EPA.

EPA provided reviewers with the October 2008 Winrock Emission Factors Report, the April
2009 Winrock Emission Factors Report, additional materials detailing EPA’s lifecycle analysis,
and charge questions to guide their evaluation. The charge questions were divided into two
sections. The first set of questions concerned Winrock’s use of historic MODIS satellite imagery
to assign land use conversion types to modeled increases in cropland. The second set of
guestions focused on the emissions factors that Winrock calculated for the land use
conversions.

The peer reviewers generally agreed that the approach taken by EPA and Winrock was
scientifically justifiable, especially given existing data and technology constraints. However, the
reviewers highlighted several problematic areas of the analysis and recommended possible
revisions. In general, these problematic areas were part of the satellite imagery analysis, rather
than the emissions factor analysis. The peer reviewers concurred more strongly with EPA’s
approach in the latter analysis.

The main areas of concern with the satellite imagery analysis as outlined by the peer reviewers
are listed below in order of the frequency of comments received from peer reviewers:

e The 3-year time period of the two MODIS data sets chosen and the error associated with
each of those data sets.

e The coarse resolution of the satellite imagery.

e The change detection analysis performed on the two MODIS data sets from 2001 and
2004.

e The reclassification analysis performed by Winrock on the satellite data, especially the
categories of excluded land and the role of the ‘mixed’ or ‘other’ category.



o The methodology for projecting land use change patterns caused specifically by biofuel
production.
o Evaluation of error and uncertainty associated with the satellite imagery analysis.

In the emissions factor analysis, the peer reviewers generally felt that Winrock’s analysis
followed IPCC guidelines and was scientifically justifiable. However, they did make several
suggestions of new data sources and recommended areas that could benefit from additional
clarification.

The following section includes summaries of the peer reviewer responses to each charge
guestion. The set of charge questions can be found in Appendix A and the full text of the peer
reviewers’ written responses can be found in Appendices B-G.* The peer reviewers’ curricula
vitae can be found in Appendix H. Peer reviewers were instructed to work independently and
comments made by peer reviewers are individual opinions and do not represent the views of
their affiliated organizations.

1 . . .. . .
Typographical errors in original peer review responses were corrected where noticed.
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Peer Reviewer Responses to Charge Questions

l. Use of Remote Sensing Data to Evaluate Land Use Change

A. General Application of Remote Sensing Data

Charge Question 1: Is it scientifically justifiable to use historic remote sensing
data to evaluate and project the pattern of future land use change?

All five peer reviewers agreed that it is scientifically justifiable to use historic remote
sensing data to evaluate and project the pattern of future land use change. However,
each peer reviewer mentioned a unique set of concerns related to this question. Dr.
Wardlow stipulated that using a higher resolution of MODIS data would be useful in
categorizing highly fragmented landscapes more accurately. Dr. Gibbs noted that the
remote sensing approach assumes that the conditions determining land use patterns will
be the same in the historic and future time periods. She recommended combining the
historic remote sensing analysis with information on the drivers and causes of land use
changes as one way to account for dynamic conditions.

Dr. Tullis commented that while few studies have attempted to quantitatively project
future land use based on historical land cover data, the ones that have done so usually,
“attempt to model a stochastic (rather than deterministic) process so as to arrive at the
most probable scenario.” He added that, “this activity is most scientifically justifiable
when its probability of success (or failure) can be tested; as new remote sensing-
assisted observations become available it is possible to test the accuracy of projection
methodologies used in the past.”

Dr. Lal noted that using historic remote sensing data in this manner is appropriate as
long as it is “validated against change in future population increase and the associated
demand.” Dr. Houghton commented that while it is scientifically justifiable to use remote
sensing data to evaluate and project the pattern of future land use in the near future, the
justification becomes weaker for longer-term projects.

Charge Question 2: Is it scientifically justifiable to use the remote sensing data in
conjunction with projected land use change from agricultural sector models to
estimate land use change emissions associated with biofuel production?

All five peer reviewers agreed that it is scientifically justifiable to use the remote sensing
data in conjunction with projected land use change from agricultural sector models to
estimate land use change emissions associated with biofuel production. However, each
peer reviewer qualified that statement by describing relevant uncertainties and existing
gaps in knowledge. Dr. Tullis noted that inherent discontinuities in spatial and temporal
scales constrain the “ability to assess the value of combined in situ, remote sensor and
ancillary data and models.” As an example, he noted that country-scale estimates may
not take into account the spatial patterns of within-country biofuel production and
indirectly related land use changes.? He stated further that the most scientifically
justifiable approach to combining these disparate models would continually minimize and

% Dr. Tullis was asked to revise several of his responses in order to clarify distinctions between indirect and direct land use
change. This report notes areas in the text, such as the one indicated by the placement of this footnote, where revisions
occurred in Dr. Tullis’ response. The full text of his initial responses and his revised responses can be found in the
appendices.



monitor the uncertainties in discontinuities over time as the modeling process evolves.
Dr. Wardlow commented that estimates of land use change emissions associated with
biofuel production will be dependent on the level of resolution employed in the analysis.
Dr. Gibbs mentioned that future techniques will provide improved results. Dr. Lal opined
that the approach is scientifically justifiable, but only assuming that projections of future
needs for biofuel production are reliable and credible. Finally, Dr. Houghton agreed with
the statement, but noted that the models determine the rate of cropland expansion, not
the remote sensing data.

Charge Question 3: Given the range of factors that affect land use decisions,
does remote sensing data provide a reasonable basis for projecting the pattern of
land use change (e.g., the biomes affected by agricultural expansion) caused
specifically by biofuel production?

Four of the five peer reviewers highlighted potential problems with using remote sensing
data to project the pattern of land use change caused specifically by biofuel production.
As Dr. Houghton stated in his answer, “while it is theoretically possible that the changes
in land use resulting from biofuel production occur in ecosystems or regions that would
not be the ones affected by other drivers, this doesn’t appear very likely.” He continued
by commenting that while changes in land use driven by biofuel production will likely
involve large parcels of land, other land use changes will likely involve small parcels of
land and may not be readily characterized by remote sensing data, especially MODIS 1
km. He recommended that this point be further investigated. Dr. Gibbs focused on a
similar issue and commented that biofuels are a driver of land use requiring special
consideration. She recommended that, “combining remote sensing data with other
empirical information on land use change drivers. . .could provide an improved means of
projecting future land use.”

Dr. Tullis stated that the proper use of agricultural sector models may require that the
remote sensor data itself be used to monitor specific types of biofuel production and not
simply agricultural expansion. In addition, he was not convinced that the relationship
between direct biofuel production and agricultural expansion should be simply assumed
as highly correlated in their spatial distributions. He commented that this assumption in
turn affects the reliability of modeled estimates of indirect land use change that depend
on direct biofuel production monitoring.®> However, if the approach included efforts to
mitigate this source of uncertainty, Dr. Tullis would agree that the overall strategy seems
reasonable. Dr. Lal agreed that the existing analysis was reasonable, but added that
using other models for validation would be essential.

Dr. Wardlow did not address the issue of projecting the pattern of land use change
caused specifically by biofuel production. He commented that remote sensing does not
detect local-scale changes, changes with less distinct spectral signatures, and other
possibly relevant details.

® Dr. Tullis revised his initial response to this charge question with regard to the details specified in footnote one.
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Charge Question 4: Given the range of factors involved with land use change, is it
scientifically justifiable to use the remote sensing data to estimate a specific land
use change value that would be applied to a biofuels overall lifecycle GHG
impact?

Three of the five peer reviewers agreed that it is scientifically justifiable to use remote
sensing data to estimate a specific land use change value that would be applied to a
biofuel's overall lifecycle GHG impact. Dr. Wardlow agreed without any qualifications.
As he mentioned previously, Dr. Tullis commented that agricultural sector models
combined with remote sensor products that do not take specific types of biofuel changes
into account will be more susceptible to uncertainties in spatial scale. He continued by
noting that even if agricultural sector models robustly take into account the aggregate
human decision making process through the biofuel lifecycle, historical type-specific
biofuel production will still be a critical observable (i.e., it will be difficult to replicate
without a remote sensing-assisted spatial decision support system[SDSS]). Dr. Tullis
stated that the overall strategy seems reasonable if this uncertainty is minimized in the
future.* Similarly, Dr. Lal commented that validation is essential.

Dr. Gibbs was the reviewer who most strongly disagreed with the statement in this
charge question. She noted that, “in many cases, remote sensing data alone is unlikely
to estimate a specific land use change value for biofuels LCA.” Instead, she
recommended developing crop and location specific pathways using remote sensing
data. She also suggested determining whether a specific pathway is related to biofuel
production by combining top-down satellite data with bottom-up information.> Dr.
Houghton noted that future changes in the value of carbon might “encourage nations to
manage wood products differently from the way they are managed currently. . .To the
extent that such changes occur, it would not be justifiable to assume the same overall
lifecycle GHG impact.”

Charge Question 5: Are there other methods, besides or in addition to the use of
remote sensing data, which would be more scientifically justifiable for this
analysis?

The peer reviewers disagreed over whether other methods would be more scientifically
justifiable than the existing analysis of remote sensing data. However, four of the five
reviewers agreed that any approach must use remote sensing data. Dr. Lal
recommended using “empirical models relating land use change to the demands of
changing demography” and then extrapolating into the future based on future
demographic variables and demands.

Dr. Gibbs and Dr. Tullis strongly recommended using additional methods or data to
supplement the existing analysis. Dr. Gibbs commented that remote sensing data must
form the basis of any study done on land cover changes occurring over large areas.
However, she repeated her comment that other types of data should be integrated with
the remote sensing measurements. Similarly, Dr. Tullis provided a thorough response
that recommended using an SDSS to supplement the existing remote sensing analysis.

4 Dr. Tullis revised his initial response to this charge question with regard to the details specified in footnote one.

° )t appears that Dr. Gibbs may have focused on direct land use change, rather than indirect land use change, in her
response to this question. However, this has not yet been confirmed by Dr. Gibbs’ because she has been inaccessible
due to foreign field work.



Dr. Tullis noted that when combining remote sensing data with agricultural sector models
it is vital to manage the origin of any given decision support product so that assumptions
can be more clearly identified and expert decisions made. For example, he pointed out
that the traditional remote sensing process cannot be used to identify indirect land use
changes associated with biofuel production. He noted that the underlying assumption is
that the agricultural sector model is able to predict those indirect changes based on
detailed land use (and other information) in conjunction with remote sensing. Dr. Tullis
commented that the role of the remote sensing-assisted SDSS is to construct better
linkages between the model and remote sensing data by drawing on expert knowledge
in a systematic way. He detailed an example where an SDSS built within a single
computing environment could assemble expert rules to spatially model the suitability of
new agriculture for biofuel production. Finally, Dr. Tullis suggested that if agricultural
sector models for estimating indirect land use changes begin to rely more heavily on
spatial data, then the SDSS could additionally be used to assess the suitability of those
indirect changes. °

Dr. Wardlow stated that “remotely sensed data products. . .provide the best, globally
consistent information that is currently available for documenting land use land cover
(LULC) change worldwide.” He added that while national and subnational datasets may
exist, they present “several potential issues that would limit their utility for this study.” Dr.
Houghton commented that remote sensing data are the best choice for land use change
and monitoring, reporting and verifying changes in carbon storage and commitments.

Charge Question 6: If EPA continues to use remote sensing data, are there any
other sources of data, besides remote sensing data, or analysis of land use
change patterns that could be used to supplement the remote sensing data?

Four of the five peer reviewers stated that there are other sources of data that can be
used to supplement the remote sensing data. Dr. Tullis expanded upon his SDSS
concept as outlined in his response to Question 5. He commented that the SDSS could
help to identify which types of spatial data would be most appropriate to use. For
example, he suggested that data which incorporated topographic effects such as a
digital elevation model (DEM) derived from the Shuttle Radar Topography Mission
(SRTM) would be relevant to an analysis using SDSS. He stipulated that use of the
DEM would depend on whether the SDSS is being used in reference to indirect or direct
data on biofuel production. Dr. Tullis also suggested that the deployment of fully-
automated GPS receivers on selected trucks involved in biofuel activities would provide
new data on direct biofuel production. He stated that these data could also have
implications for better understanding indirect activities and that such data would
dramatically reduce spatial uncertainties identified in this analysis, particularly in regard
to direct biofuel production. Dr. Gibbs responded to the charge question by listing
several sources of additional data, including spatial datasets of transportation
infrastructure, land ownership, protected areas, human settlements, soils, land suitability
and agricultural production. Dr. Lal suggested data sets such as those with the USDA,
FAO, ISRIC and WRI. Dr. Houghton stressed the importance of using ancillary data to
help constrain findings based on remote sensing data. Dr. Wardlow stated that he is
unaware of other data sources beyond remote sensing that could be used.

® Dr. Tullis revised his initial response to this charge question with regard to the details specified in footnote one.
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B. Selection and Application of Remote Sensing Data

Charge Question 1: Given the goals of this analysis, was the most scientifically
justifiable remote sensing data set selected?

All five peer reviewers agreed that the remote sensing data set selected was appropriate
for the analysis, given the goals of the study at the time. Dr. Wardlow and Dr. Lal did not
make any qualifying statements. However, Dr. Tullis commented that while the
MOD12Q1 version 4 dataset was the most appropriate dataset to choose when this work
was begun, he would now recommend using MCD12Q1 version 5 with a spatial
resolution of 500 m x 500 m. Dr. Gibbs commented that MODIS data is an appropriate
choice for large-scale land cover mapping because it is the “only dataset available in
already processed land cover maps covered more than one year for this decade.”
However, she felt that it may not be the “best option for tracking the detailed changes in
land use needed for this study.” Dr. Houghton commented that “identifying the (3-year)
difference between two land-cover maps, each of which has been collapsed from 17 to 6
cover types, and each one of which has considerable error, is of questionable merit.”

Charge Question 1la: What other different data set or sets do you recommend be
used?

All five reviewers specified a different data set to be used in the analysis. Three
recommended using a remote sensing dataset with a higher resolution. Dr. Tullis
recommended that MODIS version 5 with a 500 m x 500 m resolution be used instead of
the MODIS version 4 with a 1 km x 1 km resolution. He noted that in the literature, 1 km
x 1 km is not recommended for monitoring land use changes. In addition, he
commented that because the 500 m x 500 m data relies on both the Terra and Aqua
satellites, there is a significant benefit to using this data in areas where cloud cover is
ubiquitous. Dr. Wardlow agreed with Dr. Tullis that the spatial resolution was too low for
the analysis. He added that the 500 m x 500 m MODIS land cover data also would
contain less area of the ‘mixed class.” Dr. Gibbs agreed with Drs. Tullis and Wardlow
that the spatial resolution was too coarse for the analysis. She added that “subtracting
the MODIS land cover maps is not a suitable method for change detection so it will be
important to either conduct a proper change detection or use available products for the
1980s and 1990s from the FAO.” Dr. Houghton agreed with the cloud cover issue that
Dr. Tullis noted in his comments, but highlighted the ALOS/PALSAR data which have
been available since 2006-2007 are able to “see through” cloud cover. Dr. Lal reiterated
the data sets he mentioned in response to charge question A-6.

Charge Question 2: Was the MODIS data set properly reclassified from 17 IGBP
land cover classes into 6 general land cover classes for use in land cover change
analysis?

All five reviewers agreed that the MODIS data set was properly reclassified. However,
Drs. Tullis, Wardlow and Gibbs commented that documentation surrounding the decision
to reclassify the 17 IGBP categories into those 6 categories was insufficient. Dr.
Wardlow commented further that the ‘Mixed’ class needs better clarification. He noted
an inconsistency between the reclassified map legends and the written text for the
‘Mixed’ class. Dr. Gibbs disagreed with excluding the “cropland/natural vegetation
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mosaic,” “barren or sparsely vegetated” and “permanent wetland” categories from the
reclassification. She also noted that no clear reason for this exclusion was given in the
report. However, Dr. Houghton commented that the exclusion of the “cropland/natural
vegetation mosaic” was justifiable because it is likely that most conversion of land for
biofuel production will be large parcels of land.

Charge Question 2a: If not, what different classification scheme or schemes do
you recommend?

Both Dr. Tullis and Dr. Gibbs suggested possible changes in the existing classification
scheme. Dr. Tullis noted that many other studies doing this type of analysis use the
IPCC (2003) categories of forest, grassland, cropland, water, settlement and other.
Since the Winrock categories are similar, but not identical to these IPCC categories, Dr.
Tullis felt it would be important to have a justification for the Winrock categories. Dr.
Gibbs recommended including a secondary forest category. She also stressed the need
for all land cover classes, including cropland mosaic, barren land and wetlands, to be
included in the analysis. Dr. Wardlow did not recommend using a new classification
scheme, and Drs. Houghton and Lal did not respond to this question.

Charge Question 3: Is the accuracy of the MODIS product accurately
characterized?

Three of the five reviewers agreed without reservations that the accuracy of the MODIS
product had been accurately characterized in the report. Of the remaining two, Dr.
Wardlow agreed with the other three reviewers, but recommended some “spot checking”
of the accuracy for specific LULC changes in order to supplement the MODIS Science
team’s accuracy values. He noted that some LULC types and locations are more
difficult to classify, leading to misclassification in one or both maps and “false LULC
change detections in the change product derived for this study.” Dr. Wardlow also
commented that “any supporting evidence whether it is ground truth observations,
reports, and/or high resolution imagery to highlight potential errors either regionally or
thematically would be helpful in understanding the possible uncertainty they could
introduce into the GHG emissions estimates and change projections.” Dr. Houghton
disagreed with the statement in the charge question. He noted that the accuracy is
characterized in a general way. However, he questioned how the calculated change
between the two datasets over 3 years compared to the errors within one classification.
He also commented that the comparison of forest areas with those reported by FAQO’s
FRA2005 was “an inadequate attempt at evaluation of errors.”

Charge Question 3a: If not, how can the characterization be improved?

Two peer reviewers, Drs. Tullis and Lal, did not respond to this question. Dr. Wardlow
recommended a spot checking approach as detailed in his answer to Charge Question
3. Dr. Gibbs recommended additional comparison with other studies tracking expanding
croplands, particularly Morton et al. (2006), Pin Koh and Wilcove (2008), Brink and Eva
(2009) and Gibbs et al. (submitted). Dr. Houghton strongly recommended that the
calculated change be compared to a map of the error. He commented that if the 3-year
change is small when compared to the error, there may be little confidence in the results.
Dr. Houghton also noted that it would be interesting to investigate how changes in forest
cover obtained in the study compare to rates of change reported by Hansen et al.



(2008). He felt that such a comparison would suggest a spatial dimension to where the
1 km data is or is not sufficient for analysis.

Charge Question 4. Does the expanded geographic coverage in the Winrock
April, 2009 report adequately address / eliminate the need to extrapolate land use
changes from similar geographic areas to areas missing coverage?

Three of the five reviewers (Drs. Gibbs, Wardlow, and Houghton) agreed that the
expanded geographic coverage in the Winrock April 2009 report adequately addressed
the need to extrapolate land use changes. Dr. Lal commented that other options for
extrapolated land use changes include extrapolation based on soil type and moisture
regime. Dr. Tullis disagreed with the statement in the charge question and noted that
the MODIS data at a spatial resolution of 1 km x 1 km would be less suitable for very
small countries. He noted that this issue could be mitigated if future studies could
transition to the 500 m x 500 m measurement scale. Dr. Tullis also commented that he
could not find a discussion on the influence of clouds, particularly in the tropical regions.

Charge Question 5: Was the reclassified MODIS data set used in a scientifically
objective and justifiable manner to assess the pattern of land use changes during
the 2001-2004 time period?

Three of the five peer reviewers agreed with the statement in the charge question. For
example, Dr. Tullis noted that the analysis used “is the best choice given the limitations
of today’s remote sensing at the geographic scale.” He also approved of the fact that
the Winrock team focused on “developing percentages of change in different categories
rather than trying to make a direct observation of absolute change.” However, Drs.
Houghton and Gibbs disagreed with the statement in the charge question. Dr. Houghton
noted that the “changes over 3 years may be too small relative to the errors in a single
year’s classification to get a reliable estimate of what has changed.” Dr. Gibbs reiterated
her objections in her response to Charge Question B-5a.

Charge Question 5a: If not, how can the characterization be improved?

Drs. Tullis, Wardlow, and Lal did not recommend any improvement in characterization.
Dr. Gibbs commented that comparing two classified land cover products directly is not
an accurate way to assess change. She recommended that a true change assessment
be conducted by a remote sensing laboratory that routinely processes MODIS imagery.
She cited a recent study by Hansen et al. (2008) that used a combination of MODIS and
Landsat imagery to estimate rates of deforestation during 2000-2005. Dr. Gibbs also
stated that the Winrock analysis may be underestimating the amount of forest cleared for
new croplands. In support of this statement, she cited Gibbs et al. (submitted), which
found that more cropland is usually associated with more deforestation and that 80% of
new cropland replaced some type of forest. Dr. Gibbs also mentioned two other studies
which found similar types of results. Finally, Dr. Gibbs noted a discrepancy between the
Winrock analysis of Brazil's forest cover and the Landsat-based analysis by the Brazilian
space agency. Dr. Houghton noted that a 5-10-year change should be instead of 3
years.



Charge Question 6: Did EPA apply the MODIS data in the best possible way to
evaluate the pattern of biofuel-induced land use change?

Four of the five reviewers agreed with some qualifications that EPA applied the MODIS
data in the best possible way to evaluate the pattern of biofuel-induced land use change.
For example, Dr. Tullis disagreed with the underlying assumption that land use changes
directly related to biofuel production are highly correlated with agricultural expansion
throughout the study areas. He suggested that a more robust approach would attempt
to predict the suitability of sites for direct biofuel production. He also suggested that,
while remote sensing alone cannot be used to estimate land use change indirectly
related to biofuel production, it could potentially be used to refine those estimates within
an SDSS framework. However, since the cost and effort of this approach would be
substantial, Dr. Tullis agreed that the current EPA approach is currently the best option.’
Dr. Wardlow also agreed with the statement in the charge question, but noted that if
more time and resources were available, improvements might be gained by “mapping
specific crop types and/or rotations for specific areas of interest using MODIS 250-meter
data or other high resolution imagery.” Dr. Houghton disagreed with the statement in the
charge question, commenting that it was unclear why a change detection evaluation was
not possible. His second point was that 1 km data misses smaller parcels of land, noting
that the examples described in the EPA report concern Brazil, where land use change
tends to involve large parcels. He added that in Africa, such as assumption may not be
valid.

Charge Question 6a: What specific changes to EPA’s application of the data do
you recommend?

Dr. Houghton was the only reviewer who responded to Charge Question B-6.a with
information not mentioned in his response to Charge Question 6. He recommended two
specific changes to EPA’s application of the data. First, he recommended using a 5-10
year difference (instead of three) between the two sets of spatial data. Secondly, he
recommended using a change detection rather than differencing method for the two
MODIS images.

C. Recommendations for Further Analysis

Charge Question 1: Going forward, what major changes, if any, do you
recommend to improve the use of remote sensing data in this analysis?

Each peer reviewer responded to this charge question by suggesting at least two major
changes to improve the use of remote sensing data. Two of the peer reviewers, Drs.
Tullis and Wardlow, recommended changing to higher resolution satellite imagery. Drs.
Wardlow, Gibbs, and Houghton agreed that the land cover change analysis should be
conducted over a longer period of time. Both Dr. Gibbs and Dr. Houghton commented
that the existing method of detecting change was inadequate. Dr. Tullis further
recommended finding a way to test the sensitivity of observed distributions of direct
biofuel production in future scenarios. He continued by noting that future estimates
should be compatible with the most recent changes in the landscape and not simply land
use changes from several years ago. He added that this would require an SDSS

" Dr. Tullis revised his initial response to this charge question with regard to the details specified in footnote one.
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framework, which he described previously.? Dr. Lal recommended ground truthing and
validation.

Charge Question 2: Do you recommend augmenting the current global analysis
with higher resolution analyses of regions where agricultural expansion is likely
to be most intense?

All five peer reviewers recommended augmenting the current global analysis with higher
resolution analyses of regions where agricultural expansion is likely to be most intense.

Charge Question 2a: If so, what data sets and methods for higher-resolution
analyses do you recommend?

The reviewers suggested several different data sets and methods for higher-resolution
analyses. Dr. Tullis recommended using ASTER because it is the highest spatial
resolution sensor on Terra and could be easily compared to MODIS. In terms of
methodology, Dr. Tullis noted that it would not be necessary to generate land cover
maps. Instead, he commented that, “simple unsupervised clusters could be used to
analyze these effects to make sure they are not dramatically limiting the ability of EPA to
monitor activities related to biofuel production at the 500 x 500 m measurement scale.”
Dr. Wardlow recommended using MODIS 250 m data because they are the most widely
available and cost effective data. He also commented that Landsat ETM+ imagery
“would also be helpful to supplement the coarse MODIS 250-meter observations.” Dr.
Wardlow recommended a “simple differencing between the two independently derived
maps” from the MODIS 25-meter data. Dr. Houghton recommended the use of multi-
temporal Landsat TM data in selected sites to supplement the coarser resolution
analyses. Dr. Gibbs recommended using Landsat data either as a stratified random
sample as provided by FAO or in conjunction with MODIS. She included additional
details of possible data sources in her response. Finally, Dr. Lal recommended
obtaining data from national institutions.

Charge Question 2b: How should EPA integrate regional analyses into a globally
consistent evaluation of land use change?

Reviewers supplied a different suggestion regarding how EPA should integrate regional
analyses into a globally consistent evaluation of land use change. Dr. Tullis noted that
this question is an important one for any organization serious about multi-scale remote
sensing. He recommended that the issue be taken seriously and that those working to
integrate EPA'’s data should be given sufficient resources to address the emerging
problem of scale management. He emphasized that “questions about spatial scale need
to be tightly integrated in the computational aspects of the remote sensing process.” Dr.
Tullis also predicted that emerging GIS modeling capabilities that are supported by cloud
computing environments may be extremely promising for this type of application. He
commented that EPA may want to consider “coordinating with other agencies on trying
to solve this problem in remote sensing.” Dr. Wardlow suggested a different approach
focusing on integrating higher resolution LULC change products into coarser LULC
information by aggregating the 250-m resolution to the 1-km resolution. Dr. Lal
suggested yet a third approach of involving regional and international institutions in
providing the soil specific information to validate the data. Finally, Dr. Houghton

8 Dr. Tullis revised his initial response to this charge question with regard to the details specified in footnote one.
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commented that regional analyses should be tailored to yield globally consistent results,
meaning “similar accuracies in evaluating the type of ecosystems (including size of
parcels) converted directly or indirectly as a result of biofuel production.”

1. Estimation of Land Conversion GHG Emissions Factors

Dr. Tullis did not believe that his expertise was sufficient to address the questions in this
section. Therefore, only four peer reviewers responded to the charge questions in
Section 1.

A. Overall Methods and Application of Data Sources

Charge Question 1. Were IPCC guidelines followed appropriately for estimation of
land conversion emissions factors?

All four peer reviewers agreed that IPCC guidelines were followed appropriately.
Charge Question la: If not, please detail how the analysis can be improved.
None of the peer reviewers had any suggestions for improvement of the analysis.

Charge Question 1b: What other guidelines should EPA consider in its estimate
of land conversion emission factors?

Three of the four reviewers felt that considering the IPCC guidelines is sufficient.

However, Dr. Lal suggested validating the guidelines against site-specific data published
in the literature.

Charge Question 2: Were emissions factors estimated using the best available
data sources given the geographical scale and scope of the study?

Three of the four peer reviewers agreed with the statement in this charge question.
However, Dr. Houghton commented that, in reference to the weighted emissions factors,
it was “not clear what was ‘weighted’ in the weighted average for all other countries.”
Charge Question 2a: If not, what data sources do you recommend?

Dr. Houghton was the only reviewer who suggested a new data source in response to
this charge question. He commented that EPA might consider “estimating emissions
factors for regions rather than one estimate for global application.”

Charge Question 3: Overall, were the data sources and works cited appropriately
applied?

All four peer reviewer agreed with the statement in this charge question.
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B. Forest Carbon Stocks

Charge Question 1: Were forest carbon stocks in each region estimated
appropriately with the best available data and application of IPCC guidelines?

Three out of the four reviewers agreed to the statement in this charge question. Dr.
Gibbs added that the analysis could be updated with improved maps of forest biomass
as they become available. Dr. Houghton commented that while these carbon stock
estimates were likely the best available, they may not be correct and may be updated
with future work.

Charge Question la: If not, how do you suggest improving these estimates?

The only reviewer who suggested improvements in response to this charge question
was Dr. Lal. He commented that forest carbon stocks consist of both above and below
ground components and wondered if the soil carbon component was included in the
estimates.

C. Grassland, Savanna and Shrubland Biomass Carbon Stocks

Charge Question 1: Were grassland, savanna and shrubland carbon stocks in
each region estimated appropriately with the best available data and application of
IPCC guidelines?

All four peer reviewers agreed with the statement in this charge question. There were
no additional concerns.

Charge Question la: Given the paucity of data for biomass carbon stocks for
lands classified as shrubland and savanna outside of Brazil, did the scaling
procedure that was used provide accurate results?

Three of the four peer reviewers agreed that the scaling procedure that was used
provided accurate results. However, Dr. Lal, did not state specifically whether he agreed
or disagreed. He recommended comparing the scaling procedure results with the data
sources listed in a new book published by Empresa Brasileira de Pesquisa Agropecuaria
(EMBRAPA).

Charge Question la(i): What different approach do you recommend?

Dr. Wardlow was the only reviewer who responded to this charge question. Dr. Wardlow
outlined an option to introduce more realistic intra-class variation in the carbon stock
numbers. He recommended using “historical 1-km normalized different vegetation index
(NDVI) data” as a proxy for green vegetation biomass. The lower end of the NDVI data
range would indicate lower carbon stock values and vice versa.
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Charge Question 2: Were grassland carbon stocks appropriately estimated using
Table 6.4 of the IPCC AFOLU? What better sources than Table 6.4 either globally
or on a regional basis do you recommend?

Three of the four reviewers agreed that grassland carbon stocks were appropriately
estimated and did not suggest any new sources. Dr. Lal did not state agreement or
disagreement with the charge question, but suggested comparing the approach to a new
source recently published by EMBRAPA.

D. Cropland Biomass Carbon Stocks

Charge Question 1: Were IPCC guidelines and data sources appropriately utilized
to estimate biomass carbon stocks for annual and perennial crops?

All four reviewers agreed that the IPCC guidelines and data sources were appropriately
utilized to estimate biomass carbon stocks for annual and perennial crops.

Charge Question 2: Is it scientifically justifiable to use the default factor in Table
5.9 of the IPCC AFOLU for all annual crops?

Two of the peer reviewers, Drs. Houghton and Wardlow, agreed that it is scientifically
justifiable to use the default factor for all annual crops. Dr. Houghton noted that the
variation in cropland biomass does not justify a more elaborate procedure for estimation.
Dr. Lal did not directly address the question, but commented that the C stock of cropland
estimated at 5 tC/ha seemed too low. He added that if it was a value for biomass only, it
would be appropriate, but that this should be specified in the text. Dr. Gibbs did not
agree that it was scientifically justifiable to use the default factor in this manner and
stated that the IPCC AFOLU value for croplands is “quite limited in that it only provides a
single value for all crops and is likely not appropriate for this analysis.”

Charge Question 2a: What data sources and methods provide more refined
estimates by crop type and region?

All four reviewers gave varying responses to this question. Dr. Gibbs suggested using
crop yield maps such as those produced by Ramankutty et al. (2008) and Monfreda et
al. (2008) to scale the IPCC crop biomass estimates. While Dr. Wardlow agreed that it
is scientifically justifiable to use the default factor, he added that it might be possible to
provide more refined estimates by crop type and region using a mapping approach. Dr.
Lal suggested that the IPCC (2000) LULUCF report might have more data sets
available. Dr. Houghton commented that there would be little to gain by trying to assign
specific carbon stocks to different crop types.

Charge Question 3: Were biomass carbon stocks appropriately estimated for oil
palm and rubber?

Three of the four peer reviewers agreed that the biomass carbon stocks were

appropriately estimated for oil palm and rubber. The fourth reviewer, Dr. Lal, did not
directly answer the question.
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Charge Question 3a: If not, how do you suggest improving these estimates?

Drs. Lal and Gibbs suggested two methods of improving these estimates. Dr. Lal
recommended validating the estimates against data from Malaysia, Nigeria, and
Australia. He noted that data from the Oil Palm Research Institute in Nigeria is a good
source for comparison. Dr. Gibbs recommended scaling the estimates according to
yield.

E. Soil Carbon

Charge Question 1. Were soil carbon stocks appropriately estimated with the best
available data and application of IPCC guidelines?

All four peer reviewers agreed that soil carbon stocks were appropriately estimated with
the best available data and application of IPCC guidelines. Dr. Lal commented that
more explanation is needed on how the average annual change in carbon stock in the
top 30 cm of soil and the reference are calculated.

Charge Question 2: Were GHG emissions from peat drainage appropriately
estimated with the best available data and IPCC guidelines?

Three of the four reviewers agreed that GHG emissions from peat drainage were
appropriately estimated with the best available data and IPCC guidelines. While Dr.
Gibbs agreed that GHG emissions from peat drainage had been appropriately
estimated, she said she was not clear on how the MODIS data would be able to identify
clearance of peat swamp forests in the Winrock analysis. Dr. Lal did not directly answer
the question, but commented that the estimates were based on one reference and that
there are numerous other sources of emissions from drained peatlands. He also asked
whether the subsidence rate of peat should be another technique to assess peatland
emissions.

Charge Question 3: Was the timing of soil carbon emissions (i.e., spread evenly
over 20 years) appropriately evaluated?

Three of the four peer reviewers (all except Dr. Gibbs) did not think that the timing of the
soil carbon emissions was appropriately evaluated. Dr. Wardlow commented that the
assumption of an even spread of soil carbon emissions over 20 years after a land cover
conversion seems to generalize the variability in emissions over time. Similarly, Dr.
Houghton questioned whether carbon emissions from cultivation of soils occurred more
rapidly than the 20-year value used in the study. Dr. Lal commented that justification is
needed for choosing a 20-year time period because most peatlands are used for longer
periods following drainage and development.

Charge Question 4. How do you suggest improving the estimates of soil carbon
stocks and emissions?

All reviewers except Dr. Wardlow suggested improvements for the estimates of soil
carbon stocks and emissions. Both Dr. Gibbs and Dr. Lal suggested improving
estimates of soil carbon stocks and emissions by improving estimates of peatlands. Dr.
Gibbs commented that emissions from peat swamp clearing and other wetlands should
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be better accounted for. Dr. Lal noted that reliance on a single reference may not be
sufficient for peatlands. He suggested comparing the analysis used with the subsidence
and bulk density data published in the literature for specific peatlands.

Dr. Gibbs and Dr. Houghton also both commented on possible weaknesses in the sail
carbon map. Dr. Gibbs noted that the soil carbon stocks should be updated as new soil
carbon maps become available. Dr. Houghton commented that the weakest part of the
soil carbon analysis is the map of soil carbon distribution. He noted that the map could
be improved where data exist.

F. Lost Forest Sequestration

Charge Question 1. Was foregone forest sequestration appropriately estimated
with the best available data and IPCC guidelines?

All four peer reviewers agreed that foregone forest sequestration was appropriately
estimated with the best available data and IPCC guidelines. Dr. Houghton stated that it
would be instructive to see how much foregone forest sequestration adds to the
emissions from conversion, noting that foregone sequestration may be small relative to
direct emissions.

Charge Question 2. Were the default factors in IPCC Table 4.9 used
appropriately?

All four reviewers agreed with some qualifications that the default factors in IPCC Table
4.9 were used appropriately.

Charge Question 2a: Is it scientifically justifiable to use the default factors for
forests greater than 20 years old to estimate average foregone forest
sequestration from forest lands cleared as a result of biofuel induced land use
change?

Drs. Wardlow and Lal questioned whether the assumption of a steady state reached
after 20 years was scientifically justifiable. Dr. Wardlow stated that “the application of
default factors beyond 20 years (particularly those at 40 or 50+ years) may overestimate
the carbon sequestration potential lost from the deforested areas since the sequestration
rate may decline with age of tree.” Dr. Houghton felt that it was scientifically justifiable to
use the default factors in this instance, particularly because if the MODIS analysis did
not distinguish between >20 year-old forests and <20-year-old forests, there was no way
to assign true age to the forests converted.

Charge Question 2b: Is IPCC Table 4.9 the best source of data for these estimates
given the geographic scope and scale of this study?

Both Dr. Wardlow and Dr. Houghton agreed that IPCC Table 4.9 is the best source of
data for these estimates. However, Dr. Lal commented that these data sources can be
complemented with the data from the literature and national institutes. In addition, he
wondered whether the loss in the soil carbon pool following clearing is also considered in
the analysis on page 14 of the report. If not, he warned that it might cause an error. Dr.
Gibbs added that Table 4.9 could be improved upon by looking to peer reviewed
literature where extensive monitoring systems are examined.
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Charge Question 2c: If not, what data sources would you recommend?

Dr. Lal suggested that a thorough literature search be done to complement the IPCC
data. In particular, he recommended a book called “Carbon Sequestration in Soils of
Latin America.” Dr. Gibbs listed several sources of possibly useful information in her
answer.

Charge Question 3: Winrock assumed that, on average, foregone forest
sequestration continues for 80 years after forest clearing. Is this a scientifically
justifiable assumption, and if not, what do you believe would be a better average
assumption?

Drs. Lal and Houghton felt that this assumption was reasonable and scientifically
justifiable. Dr Houghton added that it would depend on the annual uptake assumed and
queried whether the annual uptake multiplied by 80 years added up to a reasonable
forest biomass. However, Drs. Gibbs and Wardlow did not believe that this assumption
was scientifically justifiable. Dr. Wardlow commented that while foregone forest
sequestration likely continues for 80 years after forest clearing, an average rate would
not likely be maintained over that long of a period of time. He suggested that a better
assumption would be a gradually changing rate over time, which would depend on the
forest type replaced, the land cover type that replaced the forest, and the general
environmental conditions. Dr. Gibbs commented that the foregone forest sequestration
is likely an underestimate and that a longer time period should be included here as
described by Harris et al.

G. Non-CO2 Emissions from Clearing with Fire

Charge Question 1. Were IPCC guidelines appropriately utilized to estimate non-
CO2 emissions from clearing with fire?

Three of the four peer reviewers agreed that the IPCC guidelines were appropriately
utilized to estimate non-CO, emissions from clearing with fire. The fourth reviewer, Dr.
Lal, commented that the data sources for fire from Australia, Africa, and Brazil are
available to compare and supplement the IPCC guidelines.

Charge Question 2: Were the assumptions appropriately made for which
countries use fire to clear land for crop production?

Drs. Wardlow and Lal concurred that the assumptions were appropriately made for
which countries use fire to clear land for crop production. Dr. Houghton expressed
concern over the way in which fire was used to estimate the emissions of non-GHGs.
He commented that the more worrisome aspect of the analysis was that all of the
change in carbon stocks as a result of land use change was assumed to occur
immediately.
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Charge Question 2a: Please recommend any data sources or studies that would
help to determine which regions and land transitions are most likely to involve
clearing with fire.

Both Dr. Gibbs and Dr. Wardlow suggested MODIS Fire Products as data sources that
would help to determine which regions and land transitions were most likely to involve
clearing with fire. Dr. Wardlow noted that these data would provide an approximation of
where fire is most frequently used by a country and which locations converted to
cropland experienced a period of fire during the period between the two study years. Dr.
Gibbs also suggested AVHRR fire data in order to help identify the regions and land
transitions likely to use fire. She also commented that the work by Doug Morton and
Ruth DeFries on distinguishing between fire use in clearing pastures versus forest could
be helpful. Dr. Lal suggested comparing the existing analysis to land clearing
experiments done in the 1970s and 1980s in Indonesia (the Sumatra Transmigration
Scheme), Amazon and West Africa (ORSTOM and IITA).

Charge Question 2b: Please discuss whether any such data sources and
assumptions on current fire clearance are reasonable to project to the future time
period used in the analysis.

Dr. Lal confirmed that his suggested data sources and assumption on current fire
clearance would be reasonable to project to the future time period used in the analysis.
Dr. Wardlow suggested that a historical summary of fire occurrence observations in the
MODIS 1-km fire data could provide information on the future use of fire. However, he
did warn that future rates and projections based on fire could be problematic because of
the effect that climate change could have on fire frequency. Dr. Gibbs did not anticipate
large changes through time in the use of fire for clearing in the tropics. However, she
commented that if the woody biomass from cleared trees and vegetation was being used
as a fuel source, the result would be different. Dr. Houghton said he was not aware of
studies in addition to those cited by the Winrock study.

H. Timing of Emissions from Land Clearing

Charge Question 1. Were the timing of emissions from land clearing appropriately
estimated?

Drs. Wardlow, Gibbs and Lal agreed that the timing of emissions from land clearing was
appropriately estimated. However, Dr. Lal noted that fire-induced emissions continue for
a long time. Dr. Houghton disagreed, stating that it was unreasonable to assume that all
of the change in carbon stocks as a result of land use change occurs immediately. He
did agree the assumption of immediate emissions seemed reasonable for lands cleared
for biofuels because it is very difficult to estimate whether and for how long boles will
decay before they are burned.

Charge Question la: If not, how do you suggest improving these estimates?
All reviewers except Dr. Wardlow suggested improvements. Dr. Gibbs stated that while
she agreed that the timing of emissions from land clearing was appropriately estimated,

she felt that the 100-year time period was not an appropriate benchmark for assessing
the LCA of biofuels. She suggested that the 30-year time frame would be more
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appropriate. Both Dr. Lal and Dr. Houghton suggested conducting a literature review.
Dr. Lal suggested researching fire-induced emissions and Dr. Houghton suggested
researching the relative fractions of woody material that are burned or allowed to decay.

l. Harvested Wood Products and Other Considerations

Charge Question 1. Was credit for harvested wood products, and other factors
that could delay or prevent emissions from land clearing (e.g., land filling),
appropriately accounted for?

All four peer reviewers agreed with the statement in this charge question. Dr. Houghton
noted that forests converted to croplands are generally driven by interests unrelated to
timber, and thus the trees are simply burned and exceptions are probably of minor
importance.

Charge Question la: Was credit for harvested wood products, and other factors
that could delay or prevent emissions from land clearing (e.g., land filling),
appropriately accounted for?

None of the peer reviewers made any suggestions for improvement.
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Appendix A

Full Text of Charge Questions

I. Use of Remote Sensing Data to Evaluate Land Use Change
A. General Application of Remote Sensing Data

Charge Question 1: Is it scientifically justifiable to use historic remote sensing data to
evaluate and project the pattern of future land use change?

Charge Question 2: Is it scientifically justifiable to use the remote sensing data in
conjunction with projected land use change from agricultural sector models to estimate
land use change emissions associated with biofuel production?

Charge Question 3: Given the range of factors that affect land use decisions, does
remote sensing data provide a reasonable basis for projecting the pattern of land use
change (e.g., the biomes affected by agricultural expansion) caused specifically by
biofuel production?

Charge Question 4: Given the range of factors involved with land use change, is it
scientifically justifiable to use the remote sensing data to estimate a specific land use
change value that would be applied to a biofuels overall lifecycle GHG impact?

Charge Question 5: Are there other methods, besides or in addition to the use of remote
sensing data, which would be more scientifically justifiable for this analysis?

Charge Question 6: If EPA continues to use remote sensing data, are there any other

sources of data, besides remote sensing data, or analysis of land use change patterns
that could be used to supplement the remote sensing data?

B. Selection and Application of Remote Sensing Data

Charge Question 1: Given the goals of this analysis, was the most scientifically justifiable
remote sensing data set selected?

Charge Question la: What other different data set or sets do you recommend
be used?

Charge Question 2: Was the MODIS data set properly reclassified from 17 IGBP land
cover classes into 6 general land cover classes for use in land cover change analysis?

Charge Question 2a: If not, what different classification scheme or schemes
do you recommend?

Charge Question 3: Is the accuracy of the MODIS data product accurately
characterized?

Charge Question 3a: If not, how can the characterization be improved?
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Charge Question 4: Does the expanded geographic coverage in the Winrock April, 2009
report adequately address / eliminate the need to extrapolate land use changes from
similar geographic areas to areas missing coverage?
Charge Question 5: Was the reclassified MODIS data set used in a scientifically
objective and justifiable manner to assess the pattern of land use changes during the
2001-2004 time period?

Charge Question 5a: If not, how can the characterization be improved?

Charge Question 6: Did EPA apply the MODIS data in the best possible way to evaluate
the pattern of biofuel-induced land use change?

Charge Question 6a: What specific changes to EPA’s application of the data
do you recommend?

C. Recommendations for Further Analysis

Charge Question 1: Going forward, what major changes, if any, do you recommend to
improve the use of remote sensing data in this analysis?

Charge Question 2: Do you recommend augmenting the current global analysis with
higher resolution analyses of regions where agricultural expansion is likely to be most
intense?

Charge Question 2a: If so, what data sets and methods for higher-resolution
analyses do you recommend?

Charge Question 2b: How should EPA integrate regional analyses into a
globally consistent evaluation of land use change?

Il. Estimation of Land Conversion Greenhouse Gas Emissions Factors
A. Overall Methods and Application of Data Sources

Charge Question 1: Were IPCC guidelines followed appropriately for estimation of
land conversion emissions factors?

Charge Question la: If not, please detail how the analysis can be improved.

Charge Question 1b: What other guidelines should EPA consider in its
estimate of land conversion emission factors?

Charge Question 2: Were emissions factors estimated using the best available data
sources given the geographical scale and scope of the study?

Charge Question 2a: If not, what data sources do you recommend?
Charge Question 3: Overall, were the data sources and works cited appropriately

applied?
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B. Forest Carbon Stocks

Charge Question 1: Were forest carbon stocks in each region estimated
appropriately with the best available data and application of IPCC guidelines?

Charge Question l1a: If not, how do you suggest improving these estimates?
C. Grassland, Savanna and Shrubland Biomass Carbon Stocks

Charge Question 1: Were grassland, savanna and shrubland carbon stocks in each
region estimated appropriately with the best available data and application of IPCC
guidelines?

Charge Question la: Given the paucity of data for biomass carbon stocks for

lands classified as shrubland and savanna outside of Brazil, did the scaling

procedure that was used provide accurate results?

Charge Question lai: What different approach do you recommend?

Charge Question 2: Were grassland carbon stocks appropriately estimated using
Table 6.4 of the IPCC AFOLU? What better sources than Table 6.4 either globally or
on a regional basis do you recommend?

D. Cropland Biomass Carbon Stocks

Charge Question 1: Were IPCC guidelines and data sources appropriately utilized to
estimate biomass carbon stocks for annual and perennial crops?

Charge Question 2: Is it scientifically justifiable to use the default factor in Table 5.9
of the IPCC AFOLU for all annual crops?

Charge Question 2a: What data sources and methods provide more refined
estimates by crop type and region?

Charge Question 3: Were biomass carbon stocks appropriately estimated for oil
palm and rubber?

Charge Question 3a: If not, how do you suggest improving these estimates?
E. Soil Carbon

Charge Question 1: Were soil carbon stocks appropriately estimated with the best
available data and application of IPCC guidelines?

Charge Question 2: Were GHG emissions from peat drainage appropriately
estimated with the best available data and IPCC guidelines?

Charge Question 3: Was the timing of soil carbon emissions (i.e., spread evenly
over 20 years) appropriately evaluated?
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Charge Question 4: How do you suggest improving the estimates of soil carbon
stocks and emissions?

F. Lost Forest Sequestration

Charge Question 1: Was foregone forest sequestration appropriately estimated with
the best available data and IPCC guidelines?

Charge Question 2: Were the default factors in IPCC Table 4.9 used appropriately?

Charge Question 2a: Is it scientifically justifiable to use the default factors for
forests greater than 20 years old to esti