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A Corrigendum on

Indirect Effects Negate Global Climate Change Mitigation Potential of Substituting Gasoline

With Corn Ethanol as a Transportation Fuel in the USA

by Brandão, M. (2022). Front. Clim. 4:814052. doi: 10.3389/fclim.2022.814052

In the published article, there was an error. Poor grammar/language construction and
incomplete information.

A correction has been made to Abstract. This sentence previously stated:

“. . . or by the indirect land requirements (iLUC) that compensate for the diversion of food/feed crops

into biofuels, both cases leading to greenhouse gas emissions. We investigated data over the last 20-year

period to estimate the magnitude of the effects ethanol production in the USA has had on land use

domestically and abroad. The data analyzed suggests that, over the period, the use of corn for ethanol

increased by 118 Mt per year, most of it coming from displacement of other uses of corn, mainly feed,

which were compensated by increased feed production elsewhere. Results suggest a relatively low dLUC

but a significant iLUC effect, mainly due to the compensation for the foregone feed production as a result

of diverting corn into ethanol production. The resulting 18.0 Mt CO2-eq. associated with meeting the

renewable-energy target of 15 billion gallons of corn ethanolmore than negates the climate benefits from

avoided use of gasoline, indicating that promoting corn ethanol for global climate change mitigation

may be counter-productive as, despite decreasing domestic emissions, global emissions increase.”

The corrected sentence appears below:

“. . . or by the indirect land requirements (iLUC) that compensate for the diversion of crops from

food/feed into fuel, both cases potentially leading to emissions of greenhouse gases. We investigated

official data over the last 20-year period to estimate the magnitude of the effects ethanol production in

the USA has had on land use domestically and abroad. The data analyzed shows that, over the period,

the use of corn for ethanol increased by 118 Mt per year. According to our model, most of it came

from the displacement of other uses of corn, mainly feed, which was compensated for by increased feed

production elsewhere. Results indicate a relatively low dLUC but a significant iLUC effect, mainly due to

the compensation for the foregone feed production as a result of diverting corn into ethanol production.

Meeting the renewable-energy target of 15 billion gallons of corn ethanol more than negates the climate

benefits from avoided use of gasoline (by 18.0 Mt CO2-eq.), suggesting that promoting corn ethanol for

global climate change mitigation may be counter-productive as, despite decreasing domestic emissions,

global emissions increase.”
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Brandão Corrigendum: US Ethanol Bad for Climate

A correction has been made to Introduction. This sentence
previously stated:

“However, when a life cycle approach is taken, it is clear that

there are a range of indirect emissions that cannot be excluded

from robust assessments, e.g., those from fertilizer production

and land-use change (LUC). Most crops require land on which

to grow; converting land from a natural state to cropland almost

always entails a decrease in the terrestrial carbon stock between

the two steady states prior and after conversion, the difference

between those is what is emitted to the atmosphere as carbon

dioxide (CO2), although there are exceptions such as biochar or

long-lived wood products.”

The corrected sentence appears below:

“However, when a life cycle approach is taken, it is clear that

there are a range of indirect emissions that cannot be excluded

from robust and comprehensive assessments, such as those from

fertilizer production and land-use change (LUC). Most crops

require land on which to grow; converting land from a natural

state to cropland almost always entails a decrease in the terrestrial

carbon stock between the two steady states prior and post

conversion, the difference between those is what is emitted to the

atmosphere as carbon dioxide (CO2).”

A correction has been made to Introduction. This sentence
previously stated:

“. . . it now appears that they may be a net source of GHGs to

the atmosphere (Tian et al., 2016). Consequently, an increase in

demand for crops is expected to put pressure on land which, in

turn, may result in CO2 emissions from conversion of natural

ecosystems to cropland.”

“. . . that compensate for the diversion of crops from food or

feed uses into fuels (e.g., Searchinger et al., 2008), both cases

leading to both emissions and avoided emissions, the net effect

being positive or negative depending on the particular case under

study. This issue has been considered and established in both

scientific and policy contexts, and ways to measure it have been

put forward.”

The corrected sentence appears below:

“. . . it now appears that they may be a net source of greenhouse

gases (GHGs) to the atmosphere (Tian et al., 2016). Consequently,

an increase in demand for crops is expected to put pressure on

land which, in turn, may result in CO2 emissions from conversion

of natural ecosystems to cropland.

“. . . that compensate for the diversion from other uses into

fuels (e.g., Searchinger et al., 2008), leading to both emissions

and avoided emissions, the net effect being positive or negative

depending on the particular case under study. This issue has

been documented and is well established in scientific and policy

contexts, and ways to measure it have been proposed.”

A correction has been made to Introduction. This sentence
previously stated:

“The United States of America (USA) is the world’s leading

producer of ethanol, producing around half of its global output.”

“. . .One of the provisions in RFS2 is that the biofuels adopted

must emit lower levels of greenhouse gases (GHGs) . . . to

around 40% in 2020 [9], which raises concerns over whether

this share increase came via cropland expansion (resulting in

dLUC), diversion from other corn uses (possibly resulting in

iLUC) and/or came via intensification (i.e., increased production

per ha), all of which incurring GHG emissions.”

The corrected sentence appears below:

“The USA is the world’s leading producer of ethanol, producing

around half of the global output.”

“. . . One of the provisions in RFS2 is that the biofuels

adopted must emit lower levels of GHGs . . . to around 40%

in 2020 (USDA, 2021), which raises concerns over whether this

share increase came via cropland expansion (resulting in dLUC),

diversion from other corn uses (resulting in iLUC) and/or came

via intensification (i.e., increased production per ha), all of which

incurring GHG emissions.”

A correction has been made to Introduction. This sentence
previously stated:

“Direct land use change (dLUC) entails converting land into

arable land. Previous land uses range from natural ecosystems

to forest, grassland, or permanent cropland. Indirect land use

change (iLUC) refers to the conversion of land to make way

for the crops that were used for food but that are now being

used for fuel. For example, if corn is diverted from feed to fuel

in the USA and thereby decreasing global supply of feed while

feed demand remains unchanged, the underprovided feed market

may trigger production and, in turn, land-use change elsewhere

so that the feed gap is compensated for and the feed market

balances (i.e., maintains the same level of supply). The third way

of increasing production is not to use more land as an additional

factor of production, but more N fertilizer, other agrochemicals,

mechanization and breeding (see Edgerton, 2009).”

The corrected sentence appears below:

“Direct land use change (dLUC) entails converting land from

one use into another. Land uses range from natural ecosystems

to forest, grassland, permanent cropland or arable land. Indirect

land use change (iLUC) refers to the conversion of land to make

way for the crops that compensate those that were used for food

but that are now being used for fuel. For example, if corn is

diverted from feed to fuel in the USA, thereby decreasing global

supply of feed while feed demand remains unchanged, the now

underprovided feed market will trigger production and, in turn,

LUC elsewhere so that the feed gap is compensated for and the

feed market balances (i.e., maintains the same level of supply).

An alternative way of increasing production without land as an

additional factor of production is achieved via increased use of N

fertilizer, other agrochemicals, mechanization and breeding (see

Edgerton, 2009).”

A correction has been made to Methodological Framework—

Theory. This sentence previously stated:
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“As the aim of the research is to compare the changes in land

use and associated climate-change impacts from the production

of corn ethanol, we used the amount of land used by the different

corn uses at the beginning of the period (year 1999) as the

counterfactual against which the actual land use at the end of the

period is measured (year 2018). We have thus assumed that the

counterfactual corresponds to the land dedicated to the different

uses of corn in the absence of policy support for ethanol, and

is represented by the corn land use for food, feed, ethanol, etc.

at the start of the period. We used official data to estimate how

additional demand for corn ethanol may bemet. Meeting demand

for corn can take place in a variety of ways. The possible sources

of supply are:

(i)Diversion: use of corn from land currently devoted to corn

but for non-ethanol uses, such as food and feed, which may result

in indirect land use change (iLUC) when the assumption of ceteris

paribus in adjacent markets (e.g., food and feed) is adopted, such

as the markets for food and feed, which are assumed to remain

unchanged, i.e., supply and demand remain at constant levels;”

“Subsequently, we estimated the indirect effects from each of the

sources, such as land use.”. . . “The carbon footprint refers to the

life cycle GHG emissions of products/services.”

“. . . LCA comprehensively compares alternative systems with

the same functionality so provides an appropriate basis to inform

policy to support transition toward more sustainable production

and consumption.”. . . “The application of environmental systems

analysis tools, such as LCA, has elucidated that the assumed

climate benefit of biofuels is not always realized (e.g., Brandão

et al., 2021).”

The corrected sentence appears below:

“As the aim of the research is to compare the changes in land use

and associated climate-change impacts induced by the production

of corn ethanol, we used the areas of land under the different

corn uses at the beginning of the period (year 1999) as the

counterfactual against which the actual land use at the end of the

period is measured (year 2018). We have thus assumed that the

counterfactual corresponds to the land dedicated to the different

uses of corn in the absence of policy support for ethanol, and is

represented by the corn land use areas for food, feed, ethanol, etc.

at the start of the period. We used official data from the (USDA,

2021) to estimate how additional demand for corn ethanol may

be met which, as mentioned above, can take place in a variety of

ways. The possible sources of additional supply are:

(i) Diversion: use of corn from land already devoted to corn

but for non-ethanol uses, such as food and feed, which may

result in iLUC when the assumption of ceteris paribus in adjacent

markets is adopted, i.e., supply and demand in the markets for

food and feed are assumed to remain at constant levels;”

. . .

“Subsequently, we estimated the indirect effects from each

of the sources, such as land use requirements.”. . . “The

carbon footprint of products/services refers to their life cycle

GHG emissions.”

“. . . LCA comprehensively compares alternative systems with

the same functionality, thereby providing an appropriate basis to

inform policy that aims at supporting transitions toward more

sustainable production and consumption systems.”. . . “Published

applications of environmental systems analysis tools, such as

LCA, to biofuel systems has elucidated that the assumed climate

benefit of biofuels is not always realized (e.g., Brandão et al.,

2021)”

A correction has been made to Methodological Framework—

Balancing Markets. This sentence previously stated:

“As feed energy and protein and co-produced jointly” . . . “(more

DDGS but less corn in the feed market) by solving multiple

equations simultaneously. The use of this by-product in the feed

market implies that a similar amount of feed energy and feed

protein will be displaced if the market is to balance.”

. . .

“Assuming that the demand for feed is both global and

independent from the fuel market cereal grain is identified as the

marginal source for feed energy and soybean meal as the marginal

source for feed protein (Schmidt and Weidema, 2008). We have

adopted Schmidt and De Rosa (2020) estimates for the marginal

supply mix for feed energy and feed protein, which is based on the

countries’ largest share of change over the period 2012–2016.”

The corrected sentence appears below:

“As feed energy and protein are co-produced jointly” . . . “ (i.e.,

more DDGS but less corn in the feed market) by solving multiple

equations simultaneously. The use of this by-product in the feed

market implies that the exact amounts of feed energy and feed

protein be displaced if the market is to balance.”

. . .

“Assuming that the demand for feed is both global and

independent from the fuel market, cereal grain is identified as

the marginal source for feed energy while soybean meal as the

marginal source for feed protein (Schmidt and Weidema, 2008).

We have adopted Schmidt and De Rosa (2020) estimates for the

marginal supply mix for feed energy and feed protein, which is

based on the suppliers’ largest share in global production increase

over the period 2012–2016.”

A correction has been made to Methodological Framework—

SystemBoundaryDelimitation. This sentence previously stated:

“. . .we calculated emissions for the LUC in those counties” . . .

“for producing the marginal crops or the marginal feed crops and

associated land displaced by the co-production of DDGS.”

The corrected sentence appears below:

“. . .we calculated emissions for the LUC in those countries”

. . . “for producing the marginal feed crops and associated land

displaced by the co-production of DDGS.”

A correction has been made to Methodological

Framework—Characterizing GHG Emisisons. This sentence
previously stated:
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“Characterizing GHG Emisisons

Emissions of carbon dioxide (CO2), methane (CH4), and

nitrous oxide (N2O) were included in the assessment by using

GWP-derived characterization reflecting cumulative radiative

forcing over 100 years.”

The corrected sentence appears below:

“Characterizing GHG Emissions

Emissions of carbon dioxide (CO2), methane (CH4), and

nitrous oxide (N2O) are included in the assessment by using IPCC

GWP-derived characterization reflecting cumulative radiative

forcing over 100 years.”

A correction has been made to Results—Estimating Supply

Changes. This sentence previously stated:

“. . . but this increase was not constant among all uses” . . . “which

corresponds to a share increase from 6 to 37%” . . . “from 60 to

39% of total production. . . ”

The corrected sentence appears below:

“. . . but this increase was not equal among all uses”. . . “which

corresponds to a share increase from 6% to 37%” . . . “from 60%

to 39% of total production. . . ”

A correction has been made to Results—Estimating

Displacement Effects. This sentence previously stated:

“Assuming that the corn land used for other purposes would have

remained unchanged in the absence of policy support for biofuels”

. . .

“Despite the production of corn increasing considerably over

the two decades, we estimated that, of the 134Mt used for ethanol,

56Mt (48%) came from additional production, while 60Mt (52%)

came from diversion from other uses, particularly 44 Mt (38%)

was diverted from feed use, 9 Mt (8%) was diverted from food

use, and 7 Mt (6%) from exports.”

The corrected sentence appears below:

“Assuming that the corn land used for non-ethanol purposes

would have remained unchanged (i.e., continue being dedicated

to non-ethanol purposes) in the absence of policy support

for biofuels”

. . .

“Despite the production of corn increasing considerably over

the two decades, we estimated that of the 134Mt used for ethanol:

• 18 Mt came from land already under ethanol corn,

• 56 Mt came from expansion of land for corn, while

• 60 Mt came from diversion from other uses, particularly

– 44 Mt was from feed,

– 9 Mt was from food, and

– 7 Mt from exports.”

A correction has been made to Results—Estimating how the

Feed, Food, Export, and Vegetable Oil Markets Balance. This
sentence previously stated:

“Estimating How the Feed, Food, Export and Vegetable oil

Markets Balance.”

The corrected sentence appears below:

“Estimating how the Feed, Food, Export and Vegetable Oil

Markets Balance.”

A correction has been made to Results—Estimating how the

Feed, Food, Export and Vegetable Oil Markets Balance. This
sentence previously stated:

“5.2 Mha is required” . . . “Total direct and indirect land use

change amounts to 3.8 Mha.”

The corrected sentence appears below:

“5.2 Mha are required”... “Total LUC (direct and indirect)

amounts to 3.8 Mha.”

A correction has been made to Results—Estimating Land-Use

Change. This sentence previously stated:

“dLUC emissions were included by estimating the carbon-stock

changes between the reference land use and the land used for the

production of the crop, and amortized it over 20 years.”. . . “The

resulting values are consistent with the methodological guidance

given in RED (European Union, 2009) and its amendment

(EuropeanUnion, 2015), PAS2050 European Commission (2010),

Carré et al. (2010), [BSI, 2011], Blonk (2014), Novaes et al. (2017),

ecoinvent (Moreno Ruiz et al., 2019; Donke et al., 2020).”

The corrected sentence appears below:

“dLUC emissions are included by estimating the carbon-stock

changes between the reference land use and the land used for

the production of the crop, and amortized over 20 years.” . . .

“The resulting values are consistent with the methodological

guidance given in RED (European Union, 2009) and its

amendment (European Union, 2015), PAS2050 (BSI, 2011),

European Commission (2010), Carré et al. (2010), Blonk (2014),

Novaes et al. (2017), ecoinvent (Moreno Ruiz et al., 2019; Donke

et al., 2020)”

A correction has been made to Results—Estimating the Carbon

Footprint of the Policy Shock. This sentence previously stated:

“. . . including the emissions at different stages of the ethanol

life cycle: cultivation, processing, transport, use, as well as

substitution effects such as land-use change.”

The corrected sentence appears below:

“. . . representing the emissions at different stages of the ethanol

life cycle: crop cultivation, processing, transport, use, as well as

substitution effects and land-use change.”

A correction has been made to Discussion. This sentence
previously stated:
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“• Malaysia and Indonesia (South-East Asia) would see its

emissions going up significantly (by 72.6 Mt CO2-eq.),

• Brazil and Argentina (South-East America) would decrease

emissions by 40.3, and”

corrected sentence appears below:

• Malaysia and Indonesia (South-East Asia) would see their

emissions increase significantly (by 72.6 Mt CO2-eq.),

• Brazil and Argentina (South-East America) would decrease

emissions by 40.3 Mt CO2-eq, and”

A correction has been made to Discussion. This sentence
previously stated:

“. . . and has given rise to disparate carbon-footprint estimates

(Pereira et al., 2019; Brandão et al., 2021).” . . . “The exclusion of

LUC considerations may lead to contradicting insights (e.g., Lee

et al., 2021).”

The corrected sentence appears below:

“. . . and giving rise to disparate carbon-footprint estimates

(Pereira et al., 2019; Brandão et al., 2021).” . . . “Standardization

is welcomed since the exclusion of LUC considerations may lead

to contradicting insights (e.g., Lee et al., 2021).”

A correction has been made to Conclusions. This sentence
previously stated:

“in the USA, both directly and indirectly, via cropland

expansion and intensification, as well as those associated

with the balancing of the various markets (food, feed,

vegetable oil, and export) when diverting corn from other

uses and co-producing DDGS which is subsequently used as

animal feed.”

The corrected sentence appears below:

“in theUSA, including direct and indirect effects, such as emission

associated with cropland expansion and intensification, as well

with the balancing of the various markets (food, feed, vegetable

oil and export) that occurs when diverting corn from other

uses and when co-producing DDGS that is subsequently used as

animal feed.”

A correction has been made to Conclusions. This sentence
previously stated:

“What appears to be universally recognized is to not shift burdens

between different impacts”

The corrected sentence appears below:

“What appears to be universally recognized is the need to not shift

burdens between different impacts”

The authors apologize for these errors and state that this does not
change the scientific conclusions of the article in any way. The
original article has been updated.

REFERENCES

Blonk (2014). Direct Land Use Change Assessment Tool, Version 2014.1. Gouda:

Blonk Consultants.

Brandão, M., Milà I Canals, L., and Clift, R. (2021). Food, Feed, Fuel,

Timber or Carbon sink? Towards sustainable land use: A Consequential

Life Cycle Approach. Dordrecht: Springer Briefs in Environmental

Science, 125.

BSI (2011). Specification for the Assessment of the Life Cycle Greenhouse

Gas Emissions of Goods and Services (PAS 2050). London: British

Standards Institution.

Carré, F., Hiederer, R., Blujdea, V., and Koeble, R. (2010). Background Guide for

the Calculation of Land Carbon Stocks in the Biofuels Sustainability Scheme

Drawing on the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

Luxembourg: Joint Research Center, European Commission.

Donke, A. C. G., Novaes, R. M. L., Pazianotto, R. A. A., Moreno-Ruiz, E., Reinhard,

J., Picoli, J. F., et al. (2020). Integrating regionalized Brazilian land use change

datasets into the ecoinvent database: new data, premises and uncertainties

have large effects in the results. Int. J. Life Cycle Assess. 25, 1027–1042.

doi: 10.1007/s11367-020-01763-3

Edgerton, M. D. (2009). Increasing crop productivity to meet global needs

for feed, food, and fuel. Plant Physiol. 149, 7–13. doi: 10.1104/pp.108.

130195

European Commission (2010). Commission decision on guidelines for the

calculation of land carbon stocks for the purpose of Annex V to Directive

2009/28/EC, 2010/335/EU. Off. J. 151, 19–41.

European Union (2009). Directive 2009/28/EC of the European Parliament

and of the Council of 23 April 2009 on the promotion of the use

of energy from renewable sources and amending and subsequently

repealing Directives 2001/77/EC and 2003/30/EC. Off. J. Eur. Union

5:2009.

European Union (2015). Directive 2015/1513 of 9 September 2015 amending

Directive 98/70/EC relating to the quality of petrol and diesel fuels and

amending Directive 2009/28/EC on the promotion of the use of energy from

renewable sources. Off. J. Eur. Union 239, 1–15.

Lee, U., Kwon, H., Wu, M., and Wang, M. (2021). Retrospective analysis of the US

corn ethanol industry for 2005-2019: implications for greenhouse gas emission

reductions. Biofuels Bioprod. Biorefining 15, 1318–1331. doi: 10.1002/bbb

.2225

Moreno Ruiz, E., Valsasina, L., Fitzgerald, D., Brunner, F., Symeonidis, A.,

Bourgault, G., et al. (2019). Documentation of Changes Implemented in the

Ecoinvent Database v3. 6. Zürich: Ecoinvent Association.

Novaes, R. M., Pazianotto, R. A., Brandão, M., Alves, B. J., May, A., and Folegatti-

Matsuura, M. I. (2017). Estimating 20-year land-use change and derived

CO2 emissions associated with crops, pasture and forestry in Brazil and

each of its 27 states. Glob. Change Biol. 23, 3716–3728. doi: 10.1111/gcb.

13708

Pereira, L. G., Cavalett, O., Bonomi, A., Zhang, Y., Warner, E., and Chum,

H. L. (2019). Comparison of biofuel life-cycle GHG emissions assessment

tools: the case studies of ethanol produced from sugarcane, corn, and

wheat. Renew. Sustain. Energy Rev. 110, 1–12. doi: 10.1016/j.rser.2019.

04.043

Schmidt, J., and De Rosa, M. (2020). Certified palm oil

reduces greenhouse gas emissions compared to non-certified.

J. Clean. Prod. 277:124045. doi: 10.1016/j.jclepro.2020.1

24045

Frontiers in Climate | www.frontiersin.org 5 July 2022 | Volume 4 | Article 958621

https://doi.org/10.1007/s11367-020-01763-3
https://doi.org/10.1104/pp.108.130195
https://doi.org/10.1002/bbb.2225
https://doi.org/10.1111/gcb.13708
https://doi.org/10.1016/j.rser.2019.04.043
https://doi.org/10.1016/j.jclepro.2020.124045
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles


Brandão Corrigendum: US Ethanol Bad for Climate

Schmidt, J. H., and Weidema, B. P. (2008). Shift in the marginal supply of

vegetable oil. Int. J. Life Cycle Assess. 13, 235–239. doi: 10.1065/lca2007.

07.351

Searchinger, T., Heimlich, R., Houghton, R. A., Dong, F., Elobeid, A., Fabiosa,

J., et al. (2008). Use of US croplands for biofuels increases greenhouse

gases through emissions from land-use change. Science 319, 1238–1240.

doi: 10.1126/science.1151861

Tian, H., Lu, C., Ciais, P., Michalak, A. M., Canadell, J. G., Saikawa, E., et al. (2016).

The terrestrial biosphere as a net source of greenhouse gases to the atmosphere.

Nature 531, 225–228. doi: 10.1038/nature16946

USDA (2021). U.S. Bioenergy Statistics: All Tables in One. Retrieved from: https://

www.ers.usda.gov/data-products/u-s-bioenergy-statistics/ (accessed May 31,

2021).

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Brandão. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s)

and the copyright owner(s) are credited and that the original publication in

this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Climate | www.frontiersin.org 6 July 2022 | Volume 4 | Article 958621

https://doi.org/10.1065/lca2007.07.351
https://doi.org/10.1126/science.1151861
https://doi.org/10.1038/nature16946
https://www.ers.usda.gov/data-products/u-s-bioenergy-statistics/
https://www.ers.usda.gov/data-products/u-s-bioenergy-statistics/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles

	Corrigendum: Indirect Effects Negate Global Climate Change Mitigation Potential of Substituting Gasoline With Corn Ethanol as a Transportation Fuel in the USA
	References


