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April 1, 2022 

 
A paper published in February in the Proceedings of the National Academy of the 
Sciences, which was funded by the National Wildlife Federation, purports to examine the 
“environmental outcomes” of the Renewable Fuel Standard (RFS).1 The authors 
precariously strung together a series of worst-case assumptions, cherry-picked data, and 
disparate results from previously debunked studies to create a completely erroneous 
account of the environmental impacts of the RFS—and particularly corn ethanol. 
Following up on the Renewable Fuels Association’s (RFA) preliminary rebuttal2 issued 
shortly after the paper was released, the following is a more detailed assessment of the 
deficiencies of the Lark et al. report. 
 
Executive Summary 

There are number of fundamental flaws and serious questions associated with the daisy 
chain of models and methods used by Lark et al.: 
 

• The analysis covers the period 2008-2016, but the proper starting year would have 
been 2007. For renewable fuel to qualify toward RFS2, the feedstock from which 
it is produced must be grown on land cleared or cultivated prior to Dec. 2007, when 
the Energy Independence and Security Act of 2007 was enacted. The area planted 
to corn fell by 7.5 million acres (mil. ac.) from 2007 to 2008, so Lark et al. stacked 
the deck by using 2008 as the starting year. 

• Lark et al. claim that the RFS has caused cropland to expand. However, this is 
inconsistent with EPA’s annual estimates of U.S. agricultural land, which in recent 
years have been 20-25 mil. ac. (5-6%) lower than the 2007 level. 

• The method used to determine the volume of ethanol production attributable to the 
RFS is overly simplistic and contains errors. 

 
1 Lark, T. J., Hendricks, N. P., Smith, A., Pates, N., Spawn-Lee, S. A., Bougie, M., Booth, E. G., Kucharik, 
C. J., & Gibbs, H. K. (2022). Environmental Outcomes of the US Renewable Fuel Standard. Proceedings 
of the National Academy of Sciences. https://doi.org/10.1073/pnas.2101084119 
2 Renewable Fuels Association. (2022, February 14). Preliminary Rebuttal to PNAS Report: 
“Environmental outcomes of the U.S. Renewable Fuel Standard” (Lark et al.). 
https://files.ctctusercontent.com/a8800d13601/e2f451f3-0231-4946-a8dc-33556297da63.pdf  

https://doi.org/10.1073/pnas.2101084119
https://files.ctctusercontent.com/a8800d13601/e2f451f3-0231-4946-a8dc-33556297da63.pdf
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• The commodity price projections in the no-RFS scenario are unreasonably low, 
and the findings come with the caveat of wide confidence intervals. The authors 
admit in their Supplementary Information document, “Our [business as usual] 
projections become less credible as time passes.” 

• Lark et al. claim that “native” grassland with high carbon storage has been 
converted to corn production, but they use satellite imagery in an attempt to 
determine what types of land were converted, an approach that has been shown 
to be fundamentally flawed. Lark et al. used the USDA-NASS Cropland Data Layer 
(CDL) in their analysis; however, the USDA warned, “Unfortunately, the pasture 
and grass-related land cover categories have traditionally had very low 
classification accuracy in the CDL.” 

• In addition to misidentifying land use change, Lark et al. simplistically attribute 
purported cropland expansion to corn ethanol, ignoring other drivers. 

• They overestimate the greenhouse gas (GHG) emissions that would be associated 
with hypothesized land use change. 

• They miss the fact that as ethanol production has grown under the RFS program, 
the additional corn needed has come primarily from increased yields, not from 
expanding cropland. 

• The bottom-line estimate of GHG emissions associated with ethanol is an outlier. 
The scientific consensus is that today’s corn ethanol reduces emissions by roughly 
half, on average, compared to gasoline. 

 
In summary, the work by Lark et al. does not stand up when subjected to scrutiny. 
 
Stacking the Deck Through the Choice of Starting and Ending Years for the 
Analysis 

The Energy Independence and Security Act (EISA), which expanded the RFS 
(subsequently referred to as RFS2), was enacted in December 2007.3 For renewable fuel 
to qualify toward RFS2, the feedstock from which it is produced must be grown on land 
cleared or cultivated prior to that date. EISA defined renewable fuel as “fuel that is 
produced from renewable biomass and that is used to replace or reduce the quantity of 
fossil fuel present in a transportation fuel.” It further defined renewable biomass to include 
“[p]lanted crops and crop residue harvested from agricultural land cleared or cultivated at 
any time prior to the enactment of this sentence that is either actively managed or fallow, 
and nonforested.” 
 

 
3 Energy Independence and Security Act of 2007, 42 U.S.C. § 7545 
(2007).https://www.govinfo.gov/content/pkg/PLAW-110publ140/pdf/PLAW-110publ140.pdf  

https://www.govinfo.gov/content/pkg/PLAW-110publ140/pdf/PLAW-110publ140.pdf
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However, the analysis by Lark et al. addressed the period 2008-2016. Notably, the area 
planted to corn fell by 7.5 mil. ac. from 2007 to 2008, according to USDA (Exhibit 1). As 
a result, using 2008 as the starting year of the analysis results in the appearance of a 
greater change in corn area. 
 
Measured from 2008 to 2016, the area planted to corn in the U.S. increased by 8.0 mil. 
ac. However, if 2007 had been used as the starting point, corn planted area would have 
been only 0.5 mil. ac. higher in 2016. Moreover, planted area each year from 2017 to 
2021 has been lower than in 2016. Area rose last year as a result of weather-related 
production issues that had occurred in the preceding years, but it was still 0.2 mil. ac. less 
than in the spring of 2007 before RFS2 was adopted. 
 
As can be seen, Lark et al. stacked the deck by choosing 2008 as the starting year for 
the analysis and 2016 as the ending year, which would have affected their findings related 
to corn and therefore ethanol. 
 
It is also worth noting that the amount of land dedicated to corn production today is well 
below long-term historical levels and is 18% below the peak level of 113 mil. ac. planted 
in 1932, according to USDA data. 
 

Exhibit 1: Change in Corn Acres Planted vs. Base Year 

 
Source: RFA analysis of USDA-NASS data 
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Findings Regarding Cropland Area Changes Are Inconsistent with EPA 
Assessments 

More broadly, Lark et al. claim that RFS2 has caused cropland to expand. In the 
Supplementary Information (SI) document, they acknowledge that “cropland area had 
been trending downward from 1982-2007.”4 They then assert that “cropland area 
increased nationally by 3.0 [million hectares (Mha)] from 2007-15, in part due to the RFS, 
but also due to several other factors.” 
 
However, when EPA initially implemented RFS2, it determined that 402 mil. ac. of U.S. 
agricultural land were available in 2007 for production of crops and crop residue that 
would meet EISA’s definition of renewable biomass; this encompasses total cropland 
(including fallow cropland), pastureland and Conservation Reserve Program (CRP) land. 
The agency conducts annual assessments to ensure this number of acres is not 
exceeded, which clearly show that U.S. agricultural land has receded since passage 
of EISA. In recent years, it has been 20-25 mil. ac. (5-6%) lower than in 2007 (Exhibit 
2).5 
 

Exhibit 2: U.S. Agricultural Land Area 

 
Source: EPA 

 
4 Lark, T. J., Hendricks, N. P., Smith, A., Pates, N., Spawn-Lee, S. A., Bougie, M., Booth, E. G., Kucharik, 
C. J., & Gibbs, H. K. (2022). Supplementary Information for Environmental Outcomes of the US 
Renewable Fuel Standard. Proceedings of the National Academy of Sciences. 
https://www.pnas.org/doi/10.1073/pnas.2101084119#supplementary-materials  
5 Data for 2020 and 2021 have not yet been published by EPA. 
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Specific to their study period, Lark et al. stated at the outset of their paper that they found 
the RFS resulted in an increase in “total cropland by 2.1 Mha (2.4%) in the years following 
policy enactment (2008 to 2016).” However, this is misleading, as they actually “found 
that cropland expansion increased by 1.8 Mha.” The remainder was a reduction in 
cropland abandonment versus what they hypothesized would have happened absent the 
RFS. 
 
The Method Used to Estimate the Increase in Ethanol Volumes Attributable to RFS2 
Is Deficient 

The method used by Lark et al. to determine the volume of ethanol production attributable 
to RFS2 is overly simplistic and contains errors. They state, “We found that the RFS 
stimulated 20.8 billion L (5.5 Bgal) of additional annual ethanol production, which requires 
nearly 1.3 billion bushels of corn after accounting for coproducts that can be fed to 
animals.” This assumption actually appears to have been taken from another paper, given 
that the citation for the sentence is to a 2017 paper by Carter, Rausser and Smith and 
that the SI document indicates, “Carter et al. (2017) estimate that the 2007 RFS increased 
mandated ethanol use by 5.5 billion gallons (20.8 GL) per year.”6 
 
However, Carter et al. simplistically defined the impact as the difference between the 
volume requirements in RFS2 (specifically the implied conventional biofuel requirement 
toward which corn ethanol can be used) and those in the original 2005 RFS (referred to 
as RFS1). There was no analysis behind whether this reflected the real-world impact of 
the passage and implementation of RFS2 on ethanol production and consumption. 
Rather, this method and the related calculations by Carter et al. were erroneous in 
multiple ways. 
 
Most importantly, Carter et al. calculated the differential over the period 2008-2015. 
However, RFS1 specified volume requirements only through 2012, after which the 
applicable volume for each calendar year was to be determined by the EPA Administrator 
based on a range of criteria including “the expected annual rate of future production of 
renewable fuels.” Since RFS2 preempted RFS1, the actual RFS1 volumes that would 
have been required from 2013 to 2015 are unknown. Carter et al. attempt to get around 
this by using estimates based on a 2013 paper by Schnepf and Yacobucci, which 
assumed that RFS1 requirements would have been 7.6 billion gallons (BG) in 2013 and 
would have increased to 7.8 BG in 2015.7 

 
6 Carter, C. A., Rausser, G. C., & Smith, A. (2017). Commodity Storage and the Market Effects of Biofuel 
Policies. American Journal of Agricultural Economics, 99(4), 1027–1055. 
https://doi.org/10.1093/ajae/aaw010  
7 Schnepf, R. & Yacobucci, B. (2013). Renewable Fuel Standard (RFS): Overview and Issues. 
Congressional Research Service. https://sgp.fas.org/crs/misc/R40155.pdf  

https://doi.org/10.1093/ajae/aaw010
https://sgp.fas.org/crs/misc/R40155.pdf
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It is not clear how Schnepf and Yacobucci developed these estimates, but they appear to 
be based at least in part on an assumption that gasoline consumption would fall in future 
years. They noted, “Instead of growth, EIA projects gasoline consumption to fall to about 
120 billion gallons by 2022.” However, gasoline consumption actually increased from 133 
BG in 2012 to 141 BG in 2015 and reached 143 BG over the following few years. 
Moreover, according to EIA, ethanol consumption was 12.9 BG annually from 2010 to 
2012. It seems highly unlikely that the EPA Administrator would have set 2013-2015 
requirements more than 5 BG below the levels of ethanol usage that had actually been 
occurring, especially at a time when gasoline consumption was rising. 
 
Separately, the RFS2 requirements used by Carter et al. to calculate a 5.5 BG impact 
were the statutory levels in EISA and did not reflect the fact that the EPA used its general 
waiver authority to reduce the implied conventional biofuel requirement by 0.8 BG in 2014 
and 0.9 BG in 2015. Additionally, the volume of ethanol used toward RFS2 from 2012 to 
2015 was less than the implied conventional biofuel requirement (after adjusting for the 
EPA’s use of general waiver) by 0.1-0.6 BG annually, as carryover RINs and other 
biofuels were used to meet a portion of companies’ obligations. Both the waivers and the 
ethanol usage volumes were known at the time of final publication of the paper by Carter 
et al. The combination of the two would have reduced their assumed RFS2 impact on 
ethanol to less than 5.2 BG and would have cut corn usage accordingly. (This ignores the 
much larger effect of the unrealistic assumptions used for RFS1 requirements in 
estimating the 5.5 BG impact.) 
 
If Carter et al. had retained their simplistic method but had used actual ethanol 
consumption as the RFS2 quantity and assumed the EPA would have set RFS1 
requirements at 12.9 BG annually from 2013 to 2015, their estimated RFS2 impact 
would have been 3.3 BG over the full period studied—41% less than what they 
assumed and what Lark et al. subsequently adopted. This would have made a 
significant difference in the findings by Lark et al. related to land use change (LUC), since 
the chain of causality in their study was that RFS2-induced biofuel demand drove 
feedstock demand, which in turn drove feedstock prices, which ultimately drove land use 
and conversion. They postulate “the RFS increased corn prices by 30% and the prices of 
other crops by 20%, which, in turn, expanded US corn cultivation by 2.8 Mha (8.7%) and 
total cropland by 2.1 Mha (2.4%) in the years following policy enactment (2008 to 2016).”  
 
The issue of how much of U.S. ethanol production and consumption is attributable to the 
Renewable Fuel Standard as opposed to other drivers (e.g., market forces and such 
factors as octane needs) is beyond the scope of this review. However, a recently 
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published study by Taheripour et al. asserts, “While the existing literature has successfully 
identified the key drivers of the growth in biofuels, it basically has failed to properly 
quantify the impacts and contributions of each of these drivers separately. This paper 
develops short- and long-run economic analyses … to differentiate the economic impacts 
of the RFS from other drivers that have helped biofuels to grow.”8 It goes on to note, “One 
of the main contributions of this research is to demonstrate that biofuels production growth 
that is often attributed to the RFS is actually due to energy and agricultural market 
conditions and key drivers.” The authors examined the 2004-2016 period and found that 
the RFS increased ethanol consumption by 0.7 BG annually from 2004 to 2011 and 1.5 
BG annually from 2011 to 2016, concluding that the RFS was binding on ethanol usage 
during the latter period. This is not necessarily a consensus among researchers, but it is 
an example of a much more rigorous attempt at attribution than was done by Lark et al. 
 
The Commodity Price Projections in the No-RFS2 Scenario Are Unreasonable 

“[T]o assess the effects of the RFS on US crop prices,” Lark et al. state, “Our approach 
closely follows that of Carter et al.” This is the same study from which the RFS2 volume 
impact was apparently taken. Lark et al. explain, “For all estimates, we compare 
outcomes under the 2007 RFS to a business-as-usual (BAU) counterfactual scenario in 
which ethanol production satisfies only the volume required by the initial 2005 version of 
the policy.” However, the method that they use results in unreasonably low estimates of 
commodity prices in the BAU scenario and thereby overstates the impact of RFS2 on 
commodity prices (even before accounting for problems with their estimate of the impact 
of RFS2 on ethanol volumes). 
 
In the BAU case, corn prices appear to be approximately $1.50/bu in 2015, and soybean 
and wheat prices appear to be around $2/bu; the confidence intervals indicate they could 
be even lower, with corn prices below $1/bu in 2015 and 2016 (Exhibit 3). Such prices 
simply would not have been tenable, especially for more than a year. As the SI document 
admits, “Our BAU projections become less credible as time passes.” 
 
Perhaps this is why the SI also indicates, “We estimated the effects of the RFS on corn, 
soybean, and wheat prices by comparing observed prices in the 2006-10 crop years to 
the BAU projections for those years.” However, the 2006-2010 time period for the price 
analysis is misaligned with the 2008-2016 timeframe for the overall Lark et al. study. 
 

 
8 Taheripour, F., Baumes, H., & Tyner, W.E. (2022). Economic Impacts of the U.S. Renewable Fuel 
Standard: An Ex-Post Evaluation. Front. Energy Res. https://doi.org/10.3389/fenrg.2022.749738  

https://doi.org/10.3389/fenrg.2022.749738
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Exhibit 3: Lark et al. Crop Price Projections Under the Business-as-Usual Case 

 
Source: Proceedings of the National Academy of Sciences 
 
These issues are important since the RFS2 price impact analysis is the starting point for 
the daisy chain of models and methods that were strung together by Lark et al. It is used 
in subsequent analyses of crop rotations and, most notably, LUC. As explained in the 
paper, “The model [of cropland area changes] uses point-level land use transition data 
based on observed annual land use transitions in the National Resources Inventory (NRI) 
from 2000 to 2012. We then used the model to predict the change in transitions between 
2008 and 2016 based on changes in prices.” 
 
The findings regarding price impacts also come with the caveat of wide confidence 
intervals. The paper starts out by saying, “We find that the RFS increased corn prices by 
30% and the prices of other crops by 20%.” However, the SI document acknowledges the 
range within which the actual price impacts could fall: “These estimates include 95% 
confidence intervals of [5%, 70%] for corn, [-8%, 72%] for soybeans, and [2%, 60%] for 
wheat. Thus, there is a wide range of plausible price effects in the model, but the point 
estimates round to 30% for corn and 20% for soybeans and wheat.” 
 
It is telling that they did not incorporate this range of potential price impacts in their 
uncertainty analysis. They say, “Except for the price impacts, we propagated the 
uncertainty results throughout the connected components—from the land use models 
through to all subsequent environmental outcomes.” This is a considerable omission. 
 
Additionally, following the questionable method that Carter et al. used, Lark et al. should 
have arrived at a 41% smaller estimate of the impact of RFS2 on ethanol volumes, as 
discussed in the preceding section. If they had incorporated this into the price analysis, 
prices in the BAU case would not have been as low, and the estimated impact of RFS2 
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on prices would have been smaller. Again, this would have flowed through to the LUC 
analysis by Lark et al. 
 
Finally, while it is beyond the scope of this review to address the merits of the vector auto-
regression (VAR) approach that was used to estimate the price impacts of RFS2, it is 
worth mentioning that Lark et al. did not use a model that was designed to parse out the 
differential effects of RFS2 from other drivers of ethanol volumes or the differential effects 
of ethanol from other significant factors driving the corn market during the study period. 
Additionally, as noted in a thorough review of the Lark et al. study by Taheripour et al., 
the uniform increase in prices that was projected by over time “is contrary to findings by 
other recent work developed by Filip et al. (2019) who reviewed the existing literature in 
this area and estimated the price impacts of biofuels for eight commodities in the U.S., 
the EU, and Brazil using the VAR approach and detailed weekly data (instead of annual 
data). Filip et al. (2019) concluded that ‘price series data do not support strong statements 
about biofuels uniformly serving as main leading source of high food [commodity] 
prices.’”9 
 
The Method Used to Determine Types of Land Purportedly Converted to Crop 
Production Is Fundamentally Flawed 

Despite the fact EPA data show that the amount of agricultural land meeting the EISA 
definition has declined since 2007, Lark et al. claim that “native” grassland with high 
carbon storage has been converted to corn production because of RFS2. They tout the 
use of NRI data (from 2000 to 2012) in the study, but in the end they utilize satellite 
imagery to attempt to determine what types of land were converted, an approach that has 
been used in previous studies conducted by Lark and others and that has been shown to 
be fundamentally flawed. This undermines the foundation of the findings by Lark et al. 
about LUC-related environmental impacts. 
 
As they describe, “We then mapped observed LUC at field-level resolution during our 
study period following the general approach of [a 2015 study by Lark, Salmon and Gibbs]. 
… [T]he high-resolution field data were used only to identify the possible locations and 
characteristics of converted land. … This hybrid approach thereby combined the high 
certainty and long-term temporal coverage (prior to any RFS price signals) of the NRI 
data with the field level specificity of the satellite-based land conversion observed during 
the study period.”10 

 
9 Taheripour, F., Mueller, S., Kwon, H., Khanna, M., Emery, I., Copenhaver, K., & Wang, M. (2022). 
Comments on “Environmental Outcomes of the US Renewable Fuel Standard.” 
https://greet.es.anl.gov/publication-comment_environ_outcomes_us_rfs  
10 An interview with Lark that was published the same day as the study was released in PNAS claimed, 
“The current study used the survey-based USDA National Resources Inventory (NRI), which had been 
endorsed previously by the Renewable Fuels Association, a trade association for the ethanol industry, to 

https://greet.es.anl.gov/publication-comment_environ_outcomes_us_rfs
https://civileats.com/2022/02/14/how-corn-ethanol-for-biofuel-fueled-climate-change/
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Additionally, Lark et al. “estimated the ecosystem carbon emissions associated with RFS-
related LUC using the methods of Spawn et al.” The 2019 study by Spawn et al. that is 
referenced hypothesized that cropland expansion predominantly occurred on former 
grasslands, and it found, “Grasslands conversion was the primary source (87%) of LUC 
emissions.”11 (It should be noted that Spawn-Lee was a coauthor of the current study, 
and Lark was a coauthor of the paper by Spawn et al.) 
 
For example, if a satellite image from 2008 appeared to show a particular parcel of land 
was covered in grass, but a satellite image from 2016 appeared to show that same parcel 
was planted to corn, the authors would treat this as a conversion of “native” grassland to 
corn. Using an opaque methodology, they then assign that “new” corn acreage to ethanol 
and allocate the assumed emissions from land conversion to ethanol.  
 
There are multiple problems with this approach. Most notably, the Lark et al. SI document 
indicates that the USDA-NASS Cropland Data Layer was used in agroecosystem 
modeling for the 2008-2016 period, which in turn was used to estimate GHG emissions 
from LUC. However, the USDA issued a warning about using the CDL for assessments 
involving non-agricultural land cover categories, stating, “Unfortunately, the pasture 
and grass-related land cover categories have traditionally had very low 
classification accuracy in the CDL.” 
 
Using the CDL, it is often not possible to differentiate among wheat, alfalfa hay, grass, 
and other land cover types. And even if the tools could identify land covered in grass with 
a high degree of certainty, they cannot distinguish between grass pastureland, grass hay, 
land enrolled in the CRP, and “native” grassland. Of course, these land cover types would 
have considerably different carbon storage profiles. Yet, Lark et al. treat all these land 
cover types (sometimes also including wheat, alfalfa and other crops) as “native” 
grassland. 
 
The authors also attempt to characterize these supposed land cover changes as 
“empirical” and “observed,” suggesting that they actually verified these supposed 
conversions with their own eyes and were able to discern that the cause of the purported 
conversion was the RFS. This is not the case. Rather, they are relying on highly uncertain 
and error-prone satellite images for their purported “empirical observations” of LUC and 

 
quantify cropland expansion area and the portion attributable to corn ethanol.” The RFA has not endorsed 
any specific data set. Rather, the EPA in its Second Triennial Report to Congress in 2018 suggested that 
the NRI is better suited for temporal analysis than other sources of data on land cover and land use 
because it does not suffer from methodological changes over time. 
11 Spawn, S. A., Lark, T. J., & Gibbs, H. K. (2019). Carbon emissions from cropland expansion in the 
United States. Environmental Research Letters. https://doi.org/10.1088/1748-9326/ab0399  

https://doi.org/10.1088/1748-9326/ab0399
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are then using supposition and questionable methods to suggest the RFS was the driving 
factor. 
 
The satellite imagery-based methods used by Lark and affiliated researchers in similar 
studies has been rejected after rigorous critique by the scientific community. The 
fundamental flaws were detailed in reviews conducted by the GeoSpatial Mapping, 
Applications, and Research Center (GeoMARC) at Southern Illinois University 
Edwardsville (SIUE) in 2019 and 2021.12 13 The more recent paper examined a 2020 
study led by Lark and a 2021 study by Zhang et al. (on which Lark was a coauthor) 
regarding the environmental impacts of purported cropland expansion in the Midwest 
between 2008 and 2016. The SIUE authors noted that the “researchers have attempted 
to develop a framework to increase the accuracy of the CDL-based assessment” but 
pointed out the “inability of these methods to increase the CDL’s accuracies.” They 
determined, “Therefore, the cropland expansion claimed by Lark et al. (2020) and 
adopted by Zhang et al. (2021) has a high potential of being false change due to poor 
classification certainty in the earlier CDL.” The SIUE authors concluded, “The CDL 
suffers from accuracy and certainty issues that severely hinder its use for 
estimating change over time.” 
 
In their 2019 paper, the SIUE researchers provided an example of how misclassification 
of land cover in satellite-based imagery has remained an issue for the CDL. They 
compared the CDL with a randomly selected panel of aerial imagery from the National 
Agricultural Imagery Project (NAIP) in southern Iowa in 2017. As can be seen in Exhibit 
4, the CDL misclassified a water body as deciduous forest and grassland, showing that 
the CDL still has issues with misclassification. 
 
More information about the flaws in Lark’s satellite imagery-based methods is available 
from the following sources: 
 

• Energy economists and life cycle analysis experts from Northwestern University, 
the Dept. of Energy’s Argonne National Laboratory and Oak Ridge National 
Laboratory, the University of Illinois-Champaign/Urbana, and the University of 
Illinois-Chicago: 
 https://ethanolrfa.org/file/2005/ijgi-10-00281.pdf 
 https://ethanolrfa.org/file/807/Measured-extent-of-agricultural-expansion-

depends-on-analysis-technique_Dunn-et-al_2016.pdf 
 

12 Pritsolas J. and R. Pearson. (2019). Critical Review of Supporting Literature on Land Use Change in the EPA’s 
Second Triennial Report to Congress. https://ethanolrfa.org/wp-content/uploads/2019/07/SIUE-Review-of-Land-Use-
Change-Literature-07-2019.pdf  
13 Pritsolas J. and R. Pearson. (2021). A Cautionary Tale: A Recent Paper’s Use of Research Based on the USDA 
Cropland Data Layer to Assess the Environmental Impacts of Claimed Cropland Expansion. 
https://ethanolrfa.org/file/1833/SIUE-Rebuttal-on-USDA-CDL-Use.pdf  

https://ethanolrfa.org/file/2005/ijgi-10-00281.pdf
https://ethanolrfa.org/file/807/Measured-extent-of-agricultural-expansion-depends-on-analysis-technique_Dunn-et-al_2016.pdf
https://ethanolrfa.org/file/807/Measured-extent-of-agricultural-expansion-depends-on-analysis-technique_Dunn-et-al_2016.pdf
https://ethanolrfa.org/wp-content/uploads/2019/07/SIUE-Review-of-Land-Use-Change-Literature-07-2019.pdf
https://ethanolrfa.org/wp-content/uploads/2019/07/SIUE-Review-of-Land-Use-Change-Literature-07-2019.pdf
https://ethanolrfa.org/file/1833/SIUE-Rebuttal-on-USDA-CDL-Use.pdf
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 https://ethanolrfa.org/file/1447/1373e8a3f091431ad5_g0m6ibjcr.pdf 
 https://ethanolrfa.org/file/2001/LUC-Ethanol-Plant-Proximity-Crop-Prices_Li-

et-al_2018-12.pdf    
 

• Economists at the Renewable Fuels Association: 
 https://ethanolrfa.org/file/1932/USDA-Data-Show-Cropland-Reductions-in-

Counties-with-Ethanol-Plants-from-1997-2012.pdf 
 https://ethanolrfa.org/media-and-news/category/news-

releases/article/2015/04/university-of-wisconsin-study-based-on-shaky-
foundation-of-faulty-data-and-conclusions 

 https://ethanolrfa.org/file/1814/Wisconsinethanolresponse11.15.pdf 
 

Exhibit 4: Misclassification of Water as Grass/Pasture and Deciduous Forest in 
the 2017 CDL 

 
Source: SIUE GeoMARC 
 
Additionally, any transitions into cropland from other (non-crop) land that have occurred 
since RFS2 was adopted are most likely explained by expired CRP land (which was 
previously used for agriculture) returning to cropland, not conversion of “native” 
grassland. Yet, from a carbon emissions standpoint, the Lark et al. methodology treats a 
transition of CRP ground back to cropland the same as a conversion of native grassland 
to cropland. In any case, it is incorrect to argue that the return of some former CRP land 
to crop production is solely due to the RFS. Rather, Congress repeatedly lowered the cap 
on the amount of land eligible for enrollment in CRP, dropping the limit from 39 mil. ac. in 

https://ethanolrfa.org/file/1447/1373e8a3f091431ad5_g0m6ibjcr.pdf
https://ethanolrfa.org/file/2001/LUC-Ethanol-Plant-Proximity-Crop-Prices_Li-et-al_2018-12.pdf
https://ethanolrfa.org/file/2001/LUC-Ethanol-Plant-Proximity-Crop-Prices_Li-et-al_2018-12.pdf
https://ethanolrfa.org/file/1932/USDA-Data-Show-Cropland-Reductions-in-Counties-with-Ethanol-Plants-from-1997-2012.pdf
https://ethanolrfa.org/file/1932/USDA-Data-Show-Cropland-Reductions-in-Counties-with-Ethanol-Plants-from-1997-2012.pdf
https://ethanolrfa.org/media-and-news/category/news-releases/article/2015/04/university-of-wisconsin-study-based-on-shaky-foundation-of-faulty-data-and-conclusions
https://ethanolrfa.org/media-and-news/category/news-releases/article/2015/04/university-of-wisconsin-study-based-on-shaky-foundation-of-faulty-data-and-conclusions
https://ethanolrfa.org/media-and-news/category/news-releases/article/2015/04/university-of-wisconsin-study-based-on-shaky-foundation-of-faulty-data-and-conclusions
https://ethanolrfa.org/file/1814/Wisconsinethanolresponse11.15.pdf
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2008 to 25 mil. ac. in 2016, the time period used in the Lark et al. study (Exhibit 5). Thus, 
it should be no surprise that some of the land no longer eligible for CRP enrollment 
returned to crop production. 
 

Exhibit 5: Land in the Conservation Reserve Program 

 
Source: USDA 

 
The Attribution of Land Use Change to Ethanol Is Overly Simplistic 

In addition to misidentifying LUC, Lark et al. simplistically attribute it to corn ethanol. In 
addition to using a “back-of-the-envelope” calculation to dismiss any potential role of other 
biofuels, they don’t even mention urban development in the paper or SI. The American 
Farmland Trust estimates that 10.9 mil. ac. of agricultural land were developed or 
compromised from 2001 to 2016, including 4.1 mil. ac. of land converted to urban and 
highly developed land use and 6.8 mil. ac. converted to low-density residential land use.14 
Yet, Lark et. al didn’t consider how such development results in pressure to convert other 
land to cropland. Only ethanol was in their sights. 
 
Estimates of GHG Emissions Are Grossly Exaggerated 

Lark et al. exaggerate LUC-related GHG emissions in two ways. First, they overstate the 
conversion of other land (primarily grassland) to cropland and hypothesize that additional 
cropland would have been abandoned if not for RFS2, and they then overestimate the 
GHG emissions that would be associated with these changes. 

 
14 American Farmland Trust. (2020). Farms Under Threat: The State of the States. 
https://farmlandinfo.org/statistics/farms-under-threat-the-state-of-the-states/  
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Lark et al. estimated that total GHG emissions associated with RFS-induced conversion 
to cropland were 320.4 Tg (million metric tons) CO2e or 181 Mg (metric tons) CO2e per 
ha. They also estimate that reduced rates of cropland retirement have reduced carbon 
sequestration that would have otherwise occurred by 77.3 Tg CO2e. 
 
However, despite the fact that the Lark et al. modeling approach utilized carbon response 
functions (CRFs) that were developed by Poeplau et al. in a meta-analysis that 
encompassed 95 studies, the Lark et al. estimates of soil organic carbon (SOC) losses 
per ha. were considerably larger than those found by Poeplau et al.15 In the paper that 
describes the methods that were used, Spawn et al. note, “When training the CRFs used 
in this analysis, Poeplau et al (2011) were careful to only consider data from sites where 
the natural landcover had not been previously disturbed by human activity. By applying 
these CRFs to soils that may have been previously cultivated, our approach may 
over-estimate the sensitivity of some soils to conversion.” 
 
Additionally, the modeling efficiencies (EF) used by Poeplau et al. as a measure of the 
overall precision of the CRFs were distinctly worse for grassland-to-cropland conversion 
than for other types of land conversions.  The grassland-to-cropland efficiency was 0.19 
for the specific function used by Lark et al., whereas it was 0.63 for cropland-to-grassland 
conversions. Poeplau et al. commented on this, saying, “Despite the highest number of 
sites among the investigated LUCs, the EF of the [specific CRF] (0.19) was low, which 
indicates that the available explanatory variables cannot explain the variance of the 
data points sufficiently.” 
 
As discussed in a blog post by Alverson, the 181 Mg CO2e/ha estimated by Lark et al. “is 
equivalent to a 49.4 megagram SOC loss per hectare before SOC stocks reached a new 
equilibrium. … However, the Poeplau et al. global meta-analysis (cited by Lark) found 
that total SOC losses when grasslands were converted to croplands … were 36 
megagrams SOC before reaching a new equilibrium.”16 He further points out that the 
“studies cited by Poeplau et al. represented grassland conversions to cropland that 
occurred decades ago when crop production practices and yields (intense tillage and low 
yields/carbon returns to soil from crop residues and roots) were a fraction of today. … 

 
15 Poeplau, C., Don, A., Vesterdal, L., Leifeld, J., Van Wesemael, B., Schumacher, J., & Gensior, A. 
(2011). Temporal Dynamics of Soil Organic Carbon After Land-Use Change in the Temperate Zone - 
Carbon Response Functions as a Model Approach. Global Change Biology. 
https://doi.org/10.1111/j.1365-2486.2011.02408.x  
16 Alverson, R. (2022, March 2). Ethanol Study Rebuttal – Correcting Misrepresentations with Data. 
American Coalition for Ethanol. https://ethanol.org/news/blog/2022/03/02/ethanol-study-rebuttal-
%E2%80%93-correcting-misrepresentations-with-data/.  

https://doi.org/10.1111/j.1365-2486.2011.02408.x
https://ethanol.org/news/blog/2022/03/02/ethanol-study-rebuttal-%E2%80%93-correcting-misrepresentations-with-data/
https://ethanol.org/news/blog/2022/03/02/ethanol-study-rebuttal-%E2%80%93-correcting-misrepresentations-with-data/
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When grasslands are converted to cropland in recent years, SOC losses are minimal due 
to reduced tillage and higher yields/residue and root carbon additions.” 
 
Furthermore, as noted in the review by Taheripour et al., “[T]he validation of the SOC 
emissions model used by Lark et al., which was published in a previous paper (Spawn et 
al. 2019), showed remarkably poor fit to measured SOC changes. … [T]he model tends 
to overestimate SOC emissions by about 20 MgC/ha at lower observed values and is 
poorly correlated with observations in general.” They concluded, “The apparent result 
of our re-analysis is that the SOC emissions model used by Lark et al. may 
overestimate soil carbon loss by a factor of two to eight for lands with smaller 
changes in soil carbon … particularly those not managed using conventional tillage.” 
 
Lark et al. also hypothesized that an additional 354,000 ha. (875,000 ac.) of cropland 
would have been abandoned from 2008 to 2016 if not for higher crop prices attributed to 
the RFS. However, they “assumed that any abandoned land would have been retired to 
the CRP and sequestering carbon for the duration of its contract.” This overstates the 
estimated emissions reduction per ha., as it is highly unlikely that all of the land would 
have returned to the CRP. There were 23.9 mil. ac. enrolled in the CRP in 2016, so the 
area that Lark et al. hypothesized would have been abandoned would have represented 
78% of the remaining space under the statutory cap, and there would have been 
constraints related to program structure and eligibility. In announcing CRP enrollment in 
2016, the USDA noted, “This was one of the most selective sign-up periods in CRP's 30-
year history, with a record high Environmental Benefits Index cut-off and the lowest-
percentage of applications accepted.”17 
 
A second way that Lark et al. exaggerate LUC-related GHG emissions is through the 
apparent double-counting of nitrous oxide (N20) emissions. Taheripour et al. determined, 
“Lark et al. appeared to have double-counted the N2O emissions with fertilizer use 
for corn farming by adding 9 gCO2e/MJ of ethanol to the remaining LCA results of corn 
ethanol and overlooked that these were already included in the corn farming related 
emissions as is the case in most LCA calculations.” They noted that Lark et al. “used 
these rates to calculate additional nitrogen usage (synthetic fertilizer and animal manure) 
associated with the change in crop rotation or cropland area due to RFS2, followed by 
the modeling of the changes in N2O emissions from the additional fertilizer usage.” 
However, the main lifecycle analysis models, such as GREET, already include N2O 
emissions associated with fertilizer usage in their estimates of the carbon intensity of 
ethanol. 

 
17 U.S. Department of Agriculture. (2016, May 5). USDA Announces Conservation Reserve Program 
Results. https://www.usda.gov/media/press-releases/2016/05/05/usda-announces-conservation-reserve-
program-results  

https://www.usda.gov/media/press-releases/2016/05/05/usda-announces-conservation-reserve-program-results
https://www.usda.gov/media/press-releases/2016/05/05/usda-announces-conservation-reserve-program-results
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Additional Corn for Ethanol Production Has Come Primarily from Yield Increases 
and Secondarily from Crop Switching—Not from Acreage Expansion 

What Lark et al. miss is that as ethanol production has grown under the RFS program, 
the additional corn needed has come primarily from increased efficiency—not from 
expanding cropland. This can be seen in corn production and usage statistics for the 
period since 2008, the starting year for the analysis by Lark et al. 
 
In 2008, the first year of the Lark et al. study period, U.S. farmers planted 86 mil. ac. of 
corn and harvested 78.6 mil. ac. (Exhibit 6). (As noted previously, legislation establishing 
RFS2 was enacted in 2007, and planted area fell by 7.5 mil. ac. between 2007 and 2008.) 
The average yield was 153.3 bu/ac, and production was 12.04 billion bu. In 2018, the 
record-high year for ethanol production, farmers planted 89.1 mil. ac. of corn, the average 
yield was 176.4 bu/ac, and production was 14.42 bil. bu.  
 

Exhibit 6: Corn and Ethanol Production and Associated Metrics 
 2008 2018 Change % Change 
Total Agricultural Cropland (m. acres)1 402.0 381.0 -21.0 -5.1% 
Corn Acres Planted (m. acres)2 86.0 89.1 3.1 3.6% 
Corn Acres Harvested (m. acres) 78.6 81.3 2.7 3.4% 
Yield per Acre (bu. per acre) 153.3 176.4 23.1 15.1% 
Corn Production (m. bu.) 12,043 14,420 2,377 19.7% 
Ethanol Production (m. gal.)3 9,309 16,091 6,782 72.9% 
Corn Use for Ethanol & Co-products (m. bu.)4 3,325 5,646 2,321 69.8% 
1. EPA 
2. USDA 
3. EIA 
4. RFA based on average ethanol yield per bushel 

 
Corn use for ethanol and co-products was 2.32 bil. bu. higher in 2018 than in 2008, which 
was slightly less than the 2.38 bil. bu. (20%) increase in corn production. Importantly, the 
area planted to corn expanded by less than 4%, and the additional acreage came from 
reductions in the area of other crops (like wheat and cotton), not from expanding cropland. 
Yield growth alone accounted for about 80% of the corn production increase between 
2008 and 2018. This is consistent with the long-term trend of increased corn production 
on an acreage base that is stable or smaller (Exhibit 7). 
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Exhibit 7: U.S. Corn Planted Acreage and Production 

 
Source: USDA 

 
The Lark Study’s Estimate of Ethanol’s GHG Emissions Is an Outlier 

The scientific consensus is that today’s corn ethanol reduces GHG emissions by roughly 
half, on average, compared to gasoline. Using the GREET model, which is considered 
the gold standard for life cycle analysis, researchers from Argonne National Laboratory 
estimate that typical corn ethanol provides a 44% GHG savings compared to gasoline, 
including land use change emissions.18 Similarly, researchers affiliated with Harvard 
University, MIT, and Tufts University concluded that corn ethanol offers an average GHG 
reduction of 46% versus gasoline.19  
 
In addition, the California Air Resources Board (CARB) found that ethanol used in the 
state in 2020 reduced emissions by 41%, on average, compared to gasoline, including 
LUC. From 2011 to 2020, CARB data show that the use of ethanol cut GHG emissions 
from the California transportation sector by 27 million metric tons of CO2e, more than any 
other fuel used to meet the state’s Low Carbon Fuel Standard requirements.20 
 

 
18 Lee, U., Kwon, H., Wu, M. and Wang, M. (2021). Retrospective Analysis of the U.S. Corn Ethanol Industry for 
2005–2019: Implications for Greenhouse Gas Emission Reductions. Biofuels, Bioprod. Bioref. 
https://doi.org/10.1002/bbb.2225 
19 Scully, M. J., Norris, G. A., Alarcon Falconi, T. M., & MacIntosh, D. L. (2021). Carbon Intensity of Corn 
Ethanol in the United States: State of the Science. Environmental Research Letters. 
https://iopscience.iop.org/article/10.1088/1748-9326/abde08 
20 California Air Resources Board. Low Carbon Fuel Standard Reporting Tool Quarterly Summaries. 
https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries 
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Conclusion 

As is apparent from this review, there are number of fundamental flaws and serious 
questions associated with the methods used by Lark et al. Their paper overtly contrasts 
their findings to those of Argonne and CARB. However, those mainstream analyses have 
been refined over a decade or more, and it is the work by Lark et al. that does not stand 
up once it is subjected to scrutiny. 
 


