iofuels have been getting bad press, not
always for good reasons. Certainly impor-
tant concerns have been raised, but pre-
liminary studies have been misinterpreted
as a definitive condemnation of biofuels.
One recent magazine article, for example,
illustrated what it called “Ethanol USA”
with a photo of a car wreck in a corn field. In particular, many
criticisms converge around grain-based biofuel, traditional
farming practices, and claims of a causal link between U.S.
land use and land-use changes elsewhere, including tropi-
cal deforestation.

Focusing only on such issues, however, distracts attention
from a promising opportunity to invest in domestic energy
production using biowastes, fast-growing trees, and grasses.
When biofuel crops are grown in appropriate places and
under sustainable conditions, they offer a host of benefits:
reduced fossil fuel use; diversified fuel supplies; increased employ-
ment; decreased greenhouse gas emissions; enhanced habi-
tat for wildlife; improved soil and water quality; and more
stable global land use, thereby reducing pressure to clear
new land.

Not only have many criticisms of biofuels been alarmist,
many have been simply inaccurate. In 2007 and early 2008,
for example, a bumper crop of media articles blamed sharply
higher food prices worldwide on the production of biofu-
els, particularly ethanol from corn, in the United States.
Subsequent studies, however, have shown that the increases
in food prices were primarily due to many other interact-
ing factors: increased demand in emerging economies, soar-
ing energy prices, drought in food-exporting countries, cut-
offs in grain exports by major suppliers, market-distorting
subsidies, a tumbling U.S. dollar, and speculation in com-
modities markets.

Although ethanol production indeed contributes to higher
corn prices, it is not a major factor in world food costs. The
U.S. Department of Agriculture (USDA) calculated that
biofuel production contributed only 5% of the 45% increase
in global food costs that occurred between April 2007 and
April 2008. A Texas A&M University study concluded that
energy prices were the primary cause of food price increases,
noting that between January 2006 and January 2008, the prices
of fuel and fertilizer, both major inputs to agricultural pro-
duction, increased by 37% and 45%, respectively. And the
International Monetary Fund has documented that since their
peak in July 2008, oil prices declined by 69% as of Decem-
ber 2008, and global food prices declined by 33% during the
same period, while U.S. corn production has remained at
12 billion bushels a month, one-third of which is still used
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In Defense
of Biofuels,
Done Right

Despite recent claims to the contrary,
plant-based fuels developed in economically
and environmentally sensible ways can
contribute significantly to the nations—
indeed, the worlds—energy security

while providing a host of benefits for many
people worldwide.
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Heather Ackroyd and Dan Harvey

The London-based artists Heather Ackroyd and Dan Harvey
work collaboratively to create living artworks composed of
seedling grass. Their unique approach crosses boundaries of
sculpture, photography, architecture, and ecology. Nature
and structure, control and randomness are juxtaposed in
works that evolve over time.

Commenting on their inspiration, Ackroyd and Harvey
wrote, “It is difficult to overstate the crucial role that chloro-
phyll plays in the greater scheme of things. It is the green
pigment responsible for initiating the beautifully orches-
trated sequence of events leading to photosynthesis...There
is poetry and mystery in describing the chemical embrace
of light and chlorophyll...Grass may be the material of our
investigation but chlorophyll is the primary medium that
binds us”

In 2003 they grew grass on the entire interior wall space of
a deconsecrated and disused concrete church in south Lon-
don. In 2007 they created FlyTower by growing grass on the
entire north and west face of the landmark Lyttelton fly
tower at London’s National Theatre. They have also created
living photographs by using the light sensitivity of seedling
grass to record complex photographic images. Originally
concerned with only the aesthetics of grass, they have
grown increasingly engaged with the science. Over the past
few years they have made a series of expeditions to the
High Arctic with Cape Farewell, an organization of artists,
scientists, and educators created to draw attention to the
effect of global warming on the ecosystem.

Ackroyd and Harvey have been recipients of numerous
awards including two RSA Art for Architecture awards,
Wellcome Sci-Art, NESTA Pioneering Award, and the
L'Oreal Art & Science of Colour Grand Prize. More
images and information can be found on the website
www.artsadmin.co.uk/projects/artist.php?id=40.
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for ethanol production.

In another line of critique, some argue that the potential
benefits of biofuel might be offset by indirect effects. But large
uncertainties and postulations underlie the debate about
the indirect land-use effects of biofuels on tropical defor-
estation, the critical implication being that use of U.S. farm-
land for energy crops necessarily causes new land-clearing
elsewhere. Concerns are particularly strong about the loss
of tropical forests and natural grasslands. The basic argu-
ment is that biofuel production in the United States sets in
motion a necessary scenario of deforestation.

According to this argument, if U.S. farm production is
used for fuel instead of food, food prices rise and farmers
in developing countries respond by growing more food.
This response requires clearing new land and burning native
vegetation and, hence, releasing carbon. This “induced
deforestation” hypothesis is based on questionable data and
modeling assumptions about available land and yields, rather
than on empirical evidence. The argument assumes that
the supply of previously cleared land is inelastic (that is,
agricultural land for expansion is unavailable without new
deforestation). It also assumes that agricultural commod-
ity prices are a major driving force behind deforestation
and that yields decline with expansion. The calculations
for carbon emissions assume that land in a stable, natural
state is suddenly converted to agriculture as a result of bio-
fuels. Finally, the assertions assume that it is possible to
measure with some precision the areas that will be cleared
in response to these price signals.

A review of the issues reveals, however, that these assump-
tions about the availability of land, the role of biofuels in caus-
ing deforestation, and the ability to relate crop prices to
areas of land clearance are unsound. Among our findings:

First, sufficient suitably productive land is available for
multiple uses, including the production of biofuels. Asser-
tions that U.S. biofuel production will cause large indirect
land-use changes rely on limited data sets and unverified
assumptions about global land cover and land use. Calcu-
lations of land-use change begin by assuming that global land
falls into discrete classes suitable for agriculture—cropland,
pastures and grasslands, and forests—and results depend on
estimates of the extent, use, and productivity of these lands,
as well as presumed future interactions among land-use
classes. But several major organizations, including the Food
and Agriculture Organization (FAO), a primary data clear-
inghouse, have documented significant inconsistencies sur-
rounding global land-cover estimates. For example, the
three most recent FAO Forest Resource Assessments, for peri-
ods ending in 1990, 2000, and 2005, provide estimates of the



world’s total forest cover in 1990 that vary by as much as 470
million acres, or 21% of the original estimate.

Cropland data face similar discrepancies, and even more
challenging issues arise when pasture areas are considered.
Estimates for land used for crop production range from 3.8
billion acres (calculated by the FAO) to 9 billion acres (cal-
culated by the Millennium Ecosystem Assessment, an inter-
national effort spearheaded by the United Nations). In a
recent study attempting to reconcile cropland use circa 2000,
scientists at the University of Wisconsin-Madison and McGill
University estimated that there were 3.7 billion acres of crop-
land, of which 3.2 billion were actively cropped or harvested.
Land-use studies consistently acknowledge serious data lim-
itations and uncertainties, noting that a majority of global
crop lands are constantly shifting the location of cultiva-
tion, leaving at any time large areas fallow or idle that may
not be captured in statistics. Estimates of idle croplands,
prone to confusion with pasture and grassland, range from
520 million acres to 4.9 billion acres globally. The differ-
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HEATHER ACKROYD AND DAN HARVEY, Mother and Child (negative).
Staygreen grass and clay, 48 x 72 inches, 1998.

ences illustrate one of many uncertainties that hamper global
land-use change calculations. To put these numbers in per-
spective, USDA has estimated that in 2007, about 21 million
acres were used worldwide to produce biofuel feedstocks, an
area that would occupy somewhere between 0.4% and 4%
of the world’s estimated idle cropland.

Diverse studies of global land cover and potential pro-
ductivity suggest that anywhere from 600 million to more
than 7 billion additional acres of underutilized rural lands
are available for expanding rain-fed crop production around
the world, after excluding the 4 billion acres of cropland cur-
rently in use, as well as the world’s supply of closed forests,
nature reserves, and urban lands. Hence, on a global scale,
land per se is not an immediate limitation for agriculture
and biofuels.

In the United States, the federal government, through
the multiagency Biomass Research and Development Ini-
tiative (BRDI), has examined the land and market implica-
tions of reaching the nation’s biofuel target, which calls for
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HEATHER ACKROYD AND DAN HARVEY, FlyTower. Installation using grass, clay, and water,
Lyttelton fly tower, National Theatre, London, England, 2007.
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producing 36 billion gallons by 2022. BRDI estimated that
a slight net reduction in total U.S. active cropland area
would result by 2022 in most scenarios, when compared with
a scenario developed from USDAT so-called “baseline” pro-
jections. BRDI also found that growing biofuel crops effi-
ciently in the United States would require shifts in the inten-
sity of use of about 5% of pasture lands to more intensive
hay, forage, and bioenergy crops (25 million out of 456 mil-
lion acres) in order to accommodate dedicated energy crops,
along with using a combination of wastes, forest residues,
and crop residues. BRDI’s estimate assumes that the total area
allocated to USDA’s Conservation Reserve Program (CRP)
remains constant at about 33 million acres but allows about
3 million acres of the CRP land on high-quality soils in the
Midwest to be offset by new CRP additions in other regions.
In practice, additional areas of former cropland that are
now in the CRP could be managed for biofuel feedstock pro-
duction in a way that maintains positive impacts on wildlife,
water, and land conservation goals, but this option was not
included among the scenarios considered.

Yields are important. They vary widely from place to
place within the United States and around the world. USDA
projects that corn yields will rise by 20 bushels per acre by
2017; this represents an increase in corn output equivalent
to adding 12.5 million acres as compared with 2006, and over
triple that area as compared with average yields in many less-
developed nations. And there is the possibility that yields
will increase more quickly than projected in the USDA
baseline, as seed companies aim to exceed 200 bushels per
acre by 2020. The potential to increase yields in developing
countries offers tremendous opportunities to improve wel-
fare and expand production while reducing or maintaining
the area harvested. These improvements are consistent with
U.S. trends during the past half century showing agricultural
output growth averaging 2% per year while cropland use fell
by an average of 0.7% per year. Even without large yield
increases, cropland requirements to meet biofuel produc-
tion targets may not be nearly as great as assumed.

Concerns over induced deforestation are based on a the-
ory of land displacement that is not supported by data. U.S.
ethanol production shot up by more than 3 billion gallons
(150%) between 2001 and 2006, and corn production
increased 11%, while total U.S. harvested cropland fell by
about 2% in the same period. Indeed, the harvested area for
“coarse grains” fell by 4% as corn, with an average yield of
150 bushels per acre, replaced other feed grains such as
sorghum (averaging 60 bushels per acre). Such statistics
defy modeling projections by demonstrating an ability to sup-
ply feedstock to a burgeoning ethanol industry while simul-
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taneously maintaining exports and using substantially less
land. So although models may assume that increased use of
U.S. land for biofuels will lead to more land being cleared
for agriculture in other parts of the world, evidence is lack-
ing to support those claims.

Second, there is little evidence that biofuels cause defor-
estation, and much evidence for alternative causes. Recent
scientific papers that blame biofuels for deforestation are
based on models that presume that new land conversion can
be simulated as a predominantly market-driven choice.
The models assume that land is a privately owned asset
managed in response to global price signals within a sta-
ble rule-based economy—perhaps a reasonable assump-
tion for developed nations.

However, this scenario is far from the reality in the
smoke-filled frontier zones of deforestation in less-developed
countries, where the models assume biofuel-induced land
conversion takes place. The regions of the world that are expe-
riencing first-time land conversion are characterized by
market isolation, lawlessness, insecurity, instability, and lack
of land tenure. And nearly all of the forests are publicly
owned. Indeed, land-clearing is a key step in a long process
of trying to stake a claim for eventual tenure. A cycle involv-
ing incremental degradation, repeated and extensive fires,
and shifting small plots for subsistence tends to occur long
before any consideration of crop choices influenced by
global market prices.

The causes of deforestation have been extensively stud-
ied, and it is clear from the empirical evidence that forces
other than biofuel use are responsible for the trends of
increasing forest loss in the tropics. Numerous case studies
document that the factors driving deforestation are a com-
plex expression of cultural, technological, biophysical, polit-
ical, economic, and demographic interactions. Solutions
and measures to slow deforestation have also been analyzed
and tested, and the results show that it is critical to improve
governance, land tenure, incomes, and security to slow the
pace of new land conversion in these frontier regions.

Selected studies based on interpretations of satellite imagery
have been used to support the claims that U.S. biofuels
induce deforestation in the Amazon, but satellite images
cannot be used to determine causes of land-use change. In
practice, deforestation is a site-specific process. How it is
perceived will vary greatly by site and also by the temporal
and spatial lens through which it is observed. Cause-and-effect
relationships are complex, and the many small changes that
enable larger future conversion cannot be captured by satel-
lite imagery. Although it is possible to classify an image to
show that forest in one period changed to cropland in another,
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Perennial biofuel crops

can help stabilize land cover,

enhance soil carbon sequestration,

provide habitat to support

biodiversity, and improve soil

and water quality.
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HEATHER ACKROYD AND DAN HARVEY, Life Drawing. Installation using grass,
clay, and water on a derelict mausoleum, Riga, Latvia, 2004.

ISSUES IN SCIENCE AND TECHNOLOGY

cataloguing changes in discrete classes over time does not explain
why these changes occur. Most studies asserting that the
production and use of biofuels cause tropical deforestation
point to land cover at some point after large-scale forest
degradation and clearing have taken place. But the key events
leading to the primary conversion of forests often proceed
for decades before they can be detected by satellite imagery.
The imagery does not show how the forest was used to sus-
tain livelihoods before conversion, nor the degrees of con-
tinual degradation that occurred over time before the clas-
sification changed. When remote sensing is supported by a
ground-truth process, it typically attempts to narrow the
uncertainties of land-cover classifications rather than research
the history of occupation, prior and current use, and the
forces behind the land-use decisions that led to the current
land cover.

First-time conversion is enabled by political, as well as
physical, access. Southeast Asia provides one example where
forest conversion has been facilitated by political access,
which can include such diverse things as government-spon-
sored development and colonization programs in previ-
ously undisturbed areas and the distribution of large tim-
ber and mineral concessions and land allotments to friends,
families, and sponsors of people in power. Critics have
raised valid concerns about high rates of deforestation in the
region, and they often point an accusing finger at palm oil
and biofuels.

Palm oil has been produced in the region since 1911,
and plantation expansion boomed in the 1970s with growth
rates of more than 20% per year. Biodiesel represents a tiny
fraction of palm oil consumption. In 2008, less than 2% of
crude palm oil output was processed for biofuel in Indone-
sia and Malaysia, the world’s largest producers and exporters.
Based on land-cover statistics alone, it is impossible to deter-
mine the degree of attribution that oil palm may share with
other causes of forest conversion in Southeast Asia. What
is clear is that oil palm is not the only factor and that palm
plantations are established after a process of degradation and
deforestation has transpired. Deforestation data may offer
a tool for estimating the ceiling for attribution, however. In
Indonesia, for example, 28.1 million hectares were deforested
between 1990 and 2005, and oil palm expansion in those areas
was estimated to be between 1.7 million and 3 million
hectares, or between 6% and 10% of the forest loss, during
the same period.

Initial clearing in the tropics is often driven more by
waves of illegitimate land speculation than agricultural pro-
duction. In many Latin American frontier zones, if there is
native forest on the land, it is up for grabs, as there is no legal



tenure of the land. The majority of land-clearing in the
Amazon has been blamed on livestock because, in part,
there is no alternative for classifying the recent clearings and,
in part, because land holders must keep it “in production”
to maintain claims and avoid invasions. The result has been
the frequent burning and the creation of extensive cattle ranches.
For centuries, disenfranchised groups have been pushed
into the forests and marginal lands where they do what
they can to survive. This settlement process often includes
serving as low-cost labor to clear land for the next wave of
better-connected colonists. Unless significant structural
changes occur to remove or modify enabling factors, the for-
est-clearing that was occurring before this decade is expected
to continue along predictable paths.

Testing the hypothesis that U.S. biofuel policy causes
deforestation elsewhere depends on models that can incor-
porate the processes underlying initial land-use change.
Current models attempt to predict future land-use change
based on changes in commodity prices. As conceived thus
far, the computational general equilibrium models designed
for economic trade do not adequately incorporate the
processes of land-use change. Although crop prices may
influence short-term land-use decisions, they are not a
dominant factor in global patterns of first-time conversion,
the land-clearing of chief concern in relating biofuels to
deforestation. The highest deforestation rates observed and
estimated globally occurred in the 1990s. During that period,
there was a surplus of commodities on world markets and
consistently depressed prices.

Third, many studies omit the larger problem of widespread
global mismanagement of land. The recent arguments
focusing on the possible deforestation attributable to bio-
fuels use idealized representations of crop and land markets,
omitting what may be larger issues of concern. Clearly, the
causes of global deforestation are complex and are not driven
merely by a single crop market. Additionally, land misman-
agement, involving both initial clearing and maintaining
previously cleared land, is widespread and leads to a process
of soil degradation and environmental damage that is espe-
cially prevalent in the frontier zones. Reports by the FAO
and the Millennium Ecosystem Assessment describe the
environmental consequences of repeated fires in these areas.
Estimates of global burning vary annually, ranging from
490 million to 980 million acres per year between 2000 and
2004. The vast majority of fires in the tropics occur in Africa
and the Amazon in what were previously cleared, nonfor-
est lands. In a detailed study, the Amazon Institute of Envi-
ronmental Research and Woods Hole Research Center found
that 73% of burned area in the Amazon was on previously
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HEATHER ACKROYD AND DAN HARVEY, The Undertaking (detail).

Section of installation using grass, clay, and water in a series of
underground corridors and chambers beneath the Palais de Chaillot,
Paris, France, 1992.
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cleared land, and that was during the 1990s, when overall
deforestation rates were high.

Fire is the cheapest and easiest tool supporting shifting sub-
sistence cultivation. Repeated and extensive burning is a
manifestation of the lack of tenure, lack of access to markets,
and severe poverty in these areas. When people or commu-
nities have few or no assets to protect from fire and no incen-
tive to invest in more sustainable production, they also have
no reason to limit the extent of burning. The repeated fires
modify ecosystem structure, penetrate ever deeper into for-
est margins, affect large areas of understory vegetation (which
is not detected by remote sensing), and take an ever greater
cumulative toil on soil quality and its ability to sequester
carbon. Profitable biofuel markets, by contributing to improved
incentives to grow cash crops, could reduce the use of fire
and the pressures on the agricultural frontier. Biofuels done
right, with attention to best practices for sustained produc-
tion, can make significant contributions to social and eco-
nomic development as well as environmental protection.

Furthermore, current literature calculates the impacts
from an assumed agricultural expansion by attributing the
carbon emissions from clearing intact ecosystems to biofu-
els. If emission analyses consider empirical data reflecting
the progressive degradation that occurs (often over decades)
before and independently of agriculture market signals for
land use, as well as changes in the frequency and extent of
fire in areas that biofuels help bring into more stable mar-
ket economies, then the resulting carbon emission esti-
mates would be worlds apart.

Brazil provides a good case in point, because it holds the
globe’s largest remaining area of tropical forests, is the world’s
second-largest producer of biofuel (after the United States),
and is the world’s leading supplier of biofuel for global trade.
Brazil also has relatively low production costs and a grow-
ing focus on environmental stewardship. As a matter of
policy, the Brazilian government has supported the devel-
opment of biofuels since launching a National Ethanol Pro-
gram called Proalcool in 1975. Brazil’s ethanol industry
began its current phase of growth after Prodlcool was phased
out in 1999 and the government’s role shifted from subsi-
dies and regulations toward increased collaboration with the
private sector in R&D. The government helps stabilize mar-
kets by supporting variable rates of blending ethanol with
gasoline and planning for industry expansion, pipelines,
ports, and logistics. The government also facilitates access
to global markets; develops improved varieties of sugar-
cane, harvest equipment, and conversion; and supports
improvements in environmental performance.

New sugarcane fields in Brazil nearly always replace
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pasture land or less valuable crops and are concentrated around
production facilities in the developed southeastern region,
far from the Amazon. Nearly all production is rain-fed
and relies on low input rates of fertilizers and agrochemi-
cals, as compared with other major crops. New projects
are reviewed under the Brazilian legal framework of Envi-
ronmental Impact Assessment and Environmental Licens-
ing. Together, these policies have contributed to the restora-
tion or protection of reserves and riparian areas and
increased forest cover, in tandem with an expansion of
sugarcane production in the most important producing
state, Sao Paulo.

Yet natural forest in Brazil is being lost, with nearly 37
million acres lost between May 2000 and August 2006, and
a total of 150 million acres lost since 1970. Some observers
have suggested that the increase in U.S. corn production for
biofuel led to reduced soybean output and higher soybean
prices, and that these changes led, in turn, to new deforesta-
tion in Brazil. However, total deforestation rates in Brazil appear
to fall in tandem with rising soybean prices. This co-occur-
rence illustrates a lack of connection between commodity
prices and initial land clearing. This phenomenon has been
observed around the globe and suggests an alternate hypoth-
esis: Higher global commodity prices focus production and
investment where it can be used most efficiently, in the
plentiful previously cleared and underutilized lands around
the world. In times of falling prices and incomes, people return
to forest frontiers, with all of their characteristic tribulations,
for lack of better options.

Biofuels done right
With the right policy framework, cellulosic biofuel crops could
offer an alternative that diversifies and boosts rural incomes
based on perennials. Such a scenario would create incen-
tives to reduce intentional burning that currently affects
millions of acres worldwide each year. Perennial biofuel
crops can help stabilize land cover, enhance soil carbon
sequestration, provide habitat to support biodiversity, and
improve soil and water quality. Furthermore, they can reduce
pressure to clear new land via improved incomes and yields.
Developing countries have huge opportunities to increase
crop yield and thereby grow more food on less land, given
that cereal yields in less developed nations are 30% of those
in North America. Hence, policies supporting biofuel pro-
duction may actually help stop the extensive slash-and-
burn agricultural cycle that contributes to greenhouse gas
emissions, deforestation, land degradation, and a lifestyle that
fails to support farmers and their families.

Biofuels alone are not the solution, however. Govern-
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HEATHER ACKROYD AND DAN HARVEY, Dilston Grove. Installation using grass, clay, and water inside a de-consecrated and now derelict church,

Bermondsey, London, England, 2003.
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ments in the United States and elsewhere will have to develop
and support a number of programs designed to support
sustainable development. The operation and rules of such
programs must be transparent, so that everyone can under-
stand them and see that fair play is ensured. Among other
attributes, the programs must offer economic incentives for
sustainable production, and they must provide for secure land
tenure and participatory land-use planning. In this regard,
pilot biofuel projects in Africa and Brazil are showing prom-
ise in addressing the vexing and difficult challenges of sus-
tainable land use and development. Biofuels also are unit-
ing diverse stakeholders in a global movement to develop
sustainability metrics and certification methods applicable
to the broader agricultural sector.

Given a priority to protect biodiversity and ecosystem serv-
ices, it is important to further explore the drivers for the con-
version of land at the frontier and to consider the effects,
positive and negative, that U.S. biofuel policies could have
in these areas. This means it is critical to distinguish between
valid concerns calling for caution and alarmist criticisms that
attribute complex problems solely to biofuels.

Still, based on the analyses that we and others have done,
we believe that biofuels, developed in an economically and
environmentally sensible way, can contribute significantly
to the nation's—indeed, the world’s—energy security while
providing a host of benefits for many people in many regions.
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