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1. Executive Summary 

Ramboll and Net Gain Ecological Services have reviewed the Environmental Protection Agency’s (EPA’s) 

Proposed Renewable Fuel Standard 2023-2025 rule (the “Set Proposal” or “Proposed Rule”) and the 

accompanying Draft Regulatory Impact Analysis (DRIA) along with many of the cited articles.1 After 

careful review of the Set Proposal and the DRIA, and based on our own literature review and independent 

analysis, we find that there is no demonstrated causal link between the Renewable Fuel Standard (RFS), 

and land use change (LUC) or water quality. Furthermore, we conclude that the renewable fuel volumes 

suggested in the Proposed Rule for 2023-2025 are likely to have minimal or no effects on water quantity, 

quality or LUC. Our analysis focused on: 

 

• The economic effect of the RFS on corn prices and acres planted in corn. 

• The causal linkage between the RFS and LUC. 

• Wetlands, ecosystems, habitat, and wildlife. 

• Soil and water quality and water quantity. 

1.1 Economic Analysis 

 

Based on the economic research and regression analyses developed by Ramboll, we conclude that the RFS 

implied conventional renewable fuel volume (hereafter “the implied conventional volume”)2 has minimal to 

no effect on corn prices or acres of corn planted. The economic analysis we conducted for this report used 

EPA’s DRIA as a foundation for evaluating the potential impact of the implied conventional volume on corn 

prices and acres of corn planted. We utilized 18 years of observational data in our models following 

fundamental economic theory. This evaluation was conducted and is reported in three main steps:  

 

(1) Review of the Proposed Rule and DRIA. 

(2) Review of relevant literature both criticizing and supporting the RFS. 

(3) Development of a series of analytical models to determine which literature has the most accurate 

analysis and to determine whether the RFS is a driving factor influencing corn prices and acres of 

corn production. 

 

For these purposes, EPA’s DRIA reached the following significant economic conclusions: 

 

• The net effect of the implied conventional volume on corn prices from the years 2023 through 

2025 is estimated at $0.10/bushel, i.e., it is expected to be minimal. (DRIA, p. 409). 

• Distiller’s dried grains with solubles (DDGS) is a significant substitute for whole corn in the animal 

feed market. (DRIA, pp. 406–407). 

• Year-ending corn stock-to-usage ratio (amount of corn production stored versus amount used) 

has a strong inverse correlation with corn futures prices and a dampening effect on prices in years 

when corn harvest is lean (DRIA, pp. 409–410). 

 

The economic analysis literature review focuses on three primary papers: 

 
1 The recently released Draft Third Triennial Report to Congress External Review that is currently undergoing peer 

review was not reviewed as part of this analysis. 
2 See Section 2 for further explanation. 
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• Lark et al. (2022): Environmental outcomes of the US Renewable Fuel Standard. 

• Austin et al. (2022): A review of domestic land use change attributable to U.S. biofuel policy. 

• Taheripour et al. (2022a): Economic impacts of the U.S. Renewable Fuel Standard: An ex-post 

evaluation. 

 

These three papers provide unique perspectives regarding the RFS program. Lark et al. (2022) takes an 

overall negative view of environmental and economic impacts of the RFS program. Austin et al. (2022) 

and Taheripour et al. (2022a) both contain information and analysis that highlight the deficiencies in Lark 

et al. (2015 and 2022, respectively).   

 

Lark et al.’s (2022) results claim that for the years 2008 through 2016, the RFS program: 

 

• Increased corn prices in the US by 30 percent (%). 

• Increased the prices of other crops by 20%. 

• Expanded US corn cultivation by 2.8 million hectares (equivalent to 6.9 million acres). 

 

These findings would be reason for concern if valid and reliable; however, we demonstrate herein (Table 

3-1 and Figure 3-2) that these results do not correspond with observed data from the referenced years 

(e.g., corn prices fluctuated and were lower in 2016 than in 2008 and corn acres planted during the time 

frame of Lark et al.’s [2022] analysis were within historical levels). We conclude that Lark et al.’s (2022) 

analysis overestimates the impact of the RFS program on corn prices and corn acres planted as result of: 

 

• Using a baseline that is too low (perhaps one third of what it should be). 

• Focusing only on the US market and not accounting for the dampening effect of the global market 

corn prices and acres planted. 

• Not accounting for the offsetting impact of DDGS as an animal feed replacement for corn. 

• Not accounting for offsetting impact of increasing corn yield on acres planted. 

   

Austin et al. (2022) reviewed and summarized 29 studies published since 2008 that attributed LUC in the 

United States (US) to the RFS program. In addition, they provided recommendations based on their 

analysis of the studies. We find that their most important recommendation is that to evaluate the effects 

of the RFS program, it is necessary to use an integrated model that captures global economy-wide 

interactions and simulates a detailed representation of the US land sector. Simply stated, a model that 

evaluates both global and domestic market interactions is needed. 

 

We find that Taheripour et al. (2022a) provides the most credible work regarding the impact of the RFS 

program. We base this conclusion on the following attributes of their modeling approach: 

 

• Uses an integrated model to account for global market interactions and US land sector. 

• Includes an analysis of four different baselines across two different time periods. 

• Accounts for increased corn yield, increased ethanol productivity, and the use of DDGS as a whole 

corn feed replacement. 

• Uses observation data for the purpose of model calibration. 

 

Below is a short list of conclusions reached by Taheripour et al. (2022a): 
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• Real crop prices have increased between 1.1 and 5.5% from 2004 to 2011 with only one-tenth of 

the price increases attributable to the RFS program.  

• For 2011 to 2016, the long-run price impacts of biofuels were less than the period of 2004 to 

2011. 

• The impact of the RFS program on crop (i.e., corn, soybean, wheat) prices and acres planted is 

very small. 

 

Regarding the DRIA, we find that the EPA uses an integrated model (DRIA Section 4.2.1.2) that includes 

international and domestic impacts and a baseline that assumes market production of ethanol without the 

RFS. The EPA’s modeling approach is aligned with that of Taheripour et al. (2022a) and with the approach 

recommended by Austin et al. (2022). Therefore, EPA’s results regarding the corn price impact of the RFS 

are more consistent with those found by Taheripour et al. (2022a) rather than those provided by Lark et 

al. (2022).  

 

Ramboll performed its own economics analysis for the purpose of evaluating: 

 

• The effect of the RFS and ethanol production on corn prices and acres of corn planted. 

• Which research efforts best represent the potential effect of the RFS on corn prices and corn 

acreage planted.  

 

Ramboll’s analysis involves two primary analytical techniques: linear regression and the analysis of 

correlation coefficients. Linear regressions are commonly used in economics to establish empirical 

relationships between variables. Linear regressions can use either a single variable or multiple variables to 

identify the effect of one variable or a set of variables (i.e., explanatory variables) on the parameters of 

interest (i.e., dependent variables). Our analysis makes use of 18 years of observational data, i.e., 2005 

to 2022. In presenting the result of our analysis we frequently use the term statistical dependency. This 

term means that a statistical relationship exists such that the independent values (i.e., potential 

explanatory parameter or X-value) can be used to approximate or explain the dependent value (i.e., value 

of interest or Y-value).  Our analysis uses statistical results from linear regressions in conjunction with 

correlation to evaluating statistical dependency between the variables of interest and reaching reasonable 

conclusions regarding the potential degree of statistical dependency.  Based on this analysis, we reached 

the following conclusions. 

 

• The statistical dependency between corn prices and the implied conventional volume is either non-

existent or very weak. 

• The statistical dependency between corn prices and ethanol plant production is either non-existent 

or very weak. 

• Multi-variate analysis indicates that the implied conventional volume and ethanol production have 

minimal to no effect on corn prices or corn acres planted. 

• Corn futures prices are statically dependent on the corn ending stock-use-ratio and soybean 

futures prices. 

• The number of corn acres planted is statistically dependent on corn futures prices and soybean 

futures prices; however, neither of these factors are statistically dependent on the RFS volumes. 
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Overall, our research concludes that the studies conducted by the EPA (2022b), and Taheripour et al. 

(2022a), are representative of the likely effects of the implied conventional volume and ethanol 

production on corn prices and corn acres planted whereas Lark (2022) is not. 

1.2 Land Use Change 

 

After our review of the EPA’s analysis of potential LUC caused by the RFS, we find  there is no evidence of 

a causal link between the RFS and LUC. We further find that the Proposed Rule is likely to result in 

minimal or no  land conversion or significant adverse effects to wetlands, ecosystems, wildlife habitat, or 

water quality. Our analysis reviews the cited literature in the Proposed Rule and DRIA in addition to other 

pertinent documents. LUC is referred to in several different sections in Chapter 4 of the DRIA. In these 

sections, we find that the EPA cites many articles that erroneously purport to establish a causal 

connection between the RFS and LUC without clearly explaining the shortcomings of the erroneous 

literature, or consistently citing the literature that finds errors in the methodology. We recommend that in 

the final Regulatory Impact Analysis (RIA), the EPA clearly document the shortcomings of studies 

purporting to show a causal link between the RFS and LUC and cite literature critical of those studies. 

Specifically, we have the following recommendations for how EPA can improve its analysis: 

 

• In the Air Quality section (DRIA section 4.1) and the Conversion of Wetlands, Ecosystems, and 

Wildlife Habitat Section (DRIA section 4.3), we recommend that the EPA explicitly acknowledge 

the shortcomings in the use of the Cropland Data Layer (CDL) for analysis of LUC to and from 

agriculture. The CDL has been documented to poorly differentiate between native grassland, 

pasture, fallow land, and crops which results in an overestimation of LUC (Copenhaver 2022; 

Dunn et al. 2017; Pritsolas and Pearson 2019; Shrestha et al. 2019; and Taheripour et al. 2022b). 

The CDL also has a resolution of 30 to 56 meters, which is too coarse for accurate measurement 

of LUC (Copenhaver 2022). Unfortunately, several heavily cited papers in the DRIA rely on the 

CDL to causally link the RFS program to LUC. Papers which depend upon the CDL for their analysis 

include Lark et al. (2015), Lark et al. (2021), Lark et al. (2022), Wright et al. (2017), and 

Johnston (2013). When these papers are cited, EPA should acknowledge that they rely on the CDL 

and refer to an explicit description of the shortcomings of using the CDL to quantify LUC. 

• Several cited papers causally attribute LUC to the RFS program without having conducted a 

quantifiable causal analysis. For example, some authors attributed causality while admitting that 

other factors were not considered (Wright et al. 2017). We recommend that when the EPA cites 

these documents, it explicitly acknowledges that a causal analysis was not carried out. The final 

RIA should include citations for several recent articles that the DRIA does not cite: Copenhaver 

(2022), Dunn et al. (2017), Shrestha et al. (2019), Pritsolas and Pearson (2019), and Taheripour 

et al. (2022b). The EPA should acknowledge that these papers analyzed the work of Lark et al. 

(2015), Lark et al. (2022), and Wright et al. (2017), and clarified the weaknesses in their 

analyses. 

• Finally, some of the cited articles in the DRIA imply, without adequate support or analysis, that a 

farmer’s decision on crop type and where to plant is strongly determined by the RFS (Johnston 

2013; Wright et al. 2017). The EPA should clarify that an individual farmer’s decision is complex 

and may take into account many factors including: weather, soil health, market prices, land 

availability, contracts, prices for other crops, agricultural pests, and other factors.  
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1.3 Soil and Water Quality 

 

In addition to LUC, the EPA discusses the effects of additional farming pressure on soil and water quality 

in Section 4.4 of the DRIA. However, because the lack of a causal relationship between the RFS and soil 

and water impacts is not clearly stated in Section 4.4, this this section may wrongly imply that there is 

such a causal relationship. The soil and water quality section states that “impacts to soil and water quality 

depend upon the feedstock grown and land use – i.e., the type of land used for growing the biofuel 

feedstock and the management implemented on that land” (DRIA, p. 254). The section then goes on to 

detail the negative effects of extensification to soil and water quality. But in the LUC section of the DRIA 

(DRIA section 4.3) the EPA stated it could not quantify any relationship between the RFS program and 

LUC3. In the beginning of the Soil and Water Quality section (DRIA section 4.4), the EPA explains that 

additional farming pressure can be caused by either intensification or extensification and can cause 

further use of pesticides and fertilizers which may lower soil and water quality. The EPA also states that 

extensification causes more harm than intensification4, further strengthening the implication that soil and 

water quality are negatively affected by extensification caused by the RFS. Ramboll and Net Gain 

Ecological Services (NGES) recommend the following specific changes for the final RIA: 

 

• Clearly state that the EPA has not found a causal link between the RFS program and LUC or 

extensification in the beginning of the section to alleviate misunderstandings. 

• Remove the text calculation (DRIA, p. 255) of a theoretical increase in nitrogen applied to farm 

fields nationwide due to corn extensification for two reasons: 1) the EPA reported in Section 4.3 of 

the DRIA that there was has been no quantifiable causal link shown between the RFS and LUC 

(extensification)5; 2) the calculation itself is flawed because the assumption regarding acres of 

extensification for corn is based on the work of Lark et al. (2015), which is unreliable due to its 

reliance on CDL data. 

• Clearly state that there is no known causal link between the RFS and negative effects to soil 

health or water quality. 

• When mentioning that nutrient loading causes hypoxic zones (DRIA, p. 260), include necessary 

context such as the US Geological Survey (2021), which shows that nitrogen loading to the Gulf of 

Mexico remained fairly constant from the early 1990s through about 2008 and then actually 

began a decreasing trend. Thus, it is unlikely the hypoxic zone is causally tied to the RFS. 

1.4 Water Quantity and Availability 

 

We agree that additional farming pressure could lead to more irrigation in water stressed regions without 

adequate natural rainfall; however, the EPA has not identified any causal connection between the RFS and 

additional farming pressure. Indeed, we agree with EPA’s statement that, “[t]o our knowledge, there have 

been no comprehensive studies of the changes in irrigated acres, rates of irrigation, or changes in surface 

and groundwater supplies attributed specifically to the increased production of corn grain-based ethanol 

and soybean-based biodiesel” (DRIA, p. 273). The EPA finds no quantitative causal link between the RFS 

and negative environmental effects, which in this case is water quantity. The EPA should therefore make it 

 
3 DRIA Section 4.3, p. 240 – “However, at this time we cannot quantify the amount of land with increased intensity of 

cultivation nor confidently estimate the portion of crop land expansion that is due to the market for biofuels.” 
4 DRIA Section 4.4.2.1, p. 254 – “For a given acre of cropland, planting corn or soybeans onto grasslands 

(extensification) can be expected to have greater negative effects on soil and water quality relative to the conversion 

of other existing cropland, such as wheat, to corn or soybeans (intensification).” 
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clear that section 4.5 of the DRIA is not intended to imply that there is such a causal link. We recommend 

the following changes for the final RIA: 

 

• Clearly elucidate that there is no published evidence of a causal link between agriculture for 

biofuel and reductions in surface water or groundwater supplies. 

• Remove the citations to Lark et al. (2015) and Wright et al. (2017) in this section as evidence of 

LUC which could increase irrigation. As explained above, these articles are flawed in their 

calculation of LUC because of their dependence on the CDL. 

• Acknowledge that most of the corn produced for biofuel in Nebraska is grown in regions of the 

state that primarily use precipitation for crop growth. 

• Add information on other factors besides agriculture that affect aquifer levels, such as 

precipitation patterns and associated recharge, drought years, and technology that improves the 

efficiency of agricultural and ethanol production. 

 

We encourage the EPA to update its analysis so that the final RIA addresses the above recommendations. 

Even in its draft form, EPA’s analysis firmly supports that the volumes proposed for 2023 through 2025 

are unlikely to result in adverse environmental impacts.  

2. Introduction 

EPA (2022a) proposes volume standards for 2023 through 2025 for cellulosic biofuel, biomass-based 

diesel advanced biofuel, and total renewable fuel. The focus of Ramboll’s analysis is on the economic 

impact of the conventional renewable fuel volume established by the RFS with respect to potential effects 

on LUC, habitats, wildlife, and water quality and quantity. Conventional renewable fuel is that portion of 

the total renewable fuel that meets a 20% greenhouse gas reduction standard and does not qualify as 

advanced, cellulosic, or biomass-based diesel biofuel. For purposes of this report, conventional renewable 

fuel, for which there is an implied volume requirement rather than an explicit requirement, refers to 

ethanol made from corn starch.   

 

Table 2-1 below is an abbreviated version of Table I.A.1-1 from EPA (2022a). The table summarizes the 

implied conventional renewable fuel volume requirement, which we refer to in this report as the implied 

conventional volume, for the years 2023 to 2025. All volumes are in billions of gallons per year. Note that 

the implied conventional volume is obtained by subtracting the advanced biofuel volume from the total 

renewable fuel volume. The implied conventional volume is 15.00 billion gallons per year for 2023 and 

15.25 billion gallons per year for 2024 and 2025. It should be noted that the projected amount of the 

implied conventional volume to be made up of corn ethanol for the years 2023, 2024 and 2025 are 

14.455, 14.505 and 14.534 billion gallons respectively (EPA 2022a Table III.C.3-1). However, for the 

purpose of this analysis Ramboll made the simplifying and conservative assumption that the implied 

conventional volumes listed in Table 2-1 would be made up entirely of corn ethanol.     
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Table 2-1. Implied Conventional Volume in the RFS 2023 - 2025 

 2023 2024 2025 

Total Renewable Fuel 20.82 21.87 22.68 

Advanced Biofuel 5.82 6.62 7.43 

Implied Conventional Volume  15.00 15.25 15.25 

Source: EPA 2022a 

 

The focus of Ramboll’s analysis is on the impact of the implied conventional volume on corn prices, the 

number of acres of corn planted annually, and other environmental effects. Although the Set Proposal 

pertains to the years 2023 to 2025, our analysis also considers the impact for the years 2005 through 

2022. This is because understanding past impacts is useful for evaluating the quality of forecasted 

impacts provided by the DRIA. (i.e., EPA 2022b). In addition, understanding past impacts is required to 

address assertions by some researchers that the RFS program has led to significant increases in corn 

prices and LUC by the conversion of formerly non-tilled land, or land used for other crops, into land used 

for corn crops. 

 

In this report, we review and evaluate EPA’s Set Proposal and DRIA, including selected literature the 

agency newly references, and we continue to find that there is no evidence the RFS program causes the 

above listed adverse environmental impacts. We agree with EPA’s finding that there is no evidence the 

Proposed Rule causally links to land conversion or adverse impacts to wetlands, ecosystems, wildlife 

habitat, water availability or water quality. We encourage the EPA to update its analysis in the final RIA to 

address these findings and revise its potentially misleading discussion of environmental impacts of the 

program where noted. 

3. Economic Analysis 

This section describes the economic analysis performed by Ramboll to evaluate the impact of the 

Proposed Rule with respect to corn prices and potential implications for LUC. The DRIA contains a 

significant amount of information indicating that since the inception of the program, the RFS has had 

minimal impacts on corn prices and corn acres planted in the past and will likely have minimal impacts in 

the future. The DRIA contains the following information that Ramboll concludes are reasonable based on 

our literature review and our own economic analysis, though EPA may overstate the (minimal) impact of 

the proposed volumes on corn price: 

 

• Trends from 1995 through 2021 indicate that corn production grew steadily at a 25-year average 

rate of around 2%, or 250 million bushels per year, with no apparent correlation to ethanol 

production volumes. 

• The net effect of the RFS on corn prices throughout the years 2023 through 2025 is 3%, which is 

equivalent to $0.10/bushel (depicted in Table 3-3). Ramboll’s economic analysis did not involve 

forecasting the impact of the implied conventional volume on corn price. However, our modeling 

indicates that the statistical dependency between the implied conventional volume and 

corn prices is non-existent to very weak. Therefore, it possible that the impact of the implied 

conventional volume on corn prices would be much less than $0.10/bushel. 
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• DDGS, a byproduct of ethanol production, represents a significant factor in the shift of animal feed 

away from whole corn (i.e., DDGS is a significant substitute for whole corn in the animal feed 

market). 

• Year-ending corn stock-to-usage ratio (amount of corn production stored versus amount used) 

has a strong inverse correlation with corn futures prices and a dampening effect on prices in years 

when corn harvest is lean. 

• Corn futures prices are a critical factor in farmer’s planting decisions. 

• The RFS has little to no impact on corn futures prices.   

 

Our economic analysis involved the following four activities: 

 

1. Review of the Set Proposal (EPA 2022a) and the associated DRIA (EPA 2022b). 

2. Literature review of research focusing on the economic impacts of the RFS program since 

inception, particularly in relation to corn prices and annual corn acreage planted. 

3. Review of analytical methods used by researchers to evaluate the impact of the RFS program on 

corn prices and corn acreage planted. 

4. Development of our own analytical models for purposes of confirming and/or refuting information 

in the DRIA and the work performed by other researchers. 

 

Since estimates of the impacts of the RFS (whether developed by the EPA or other researchers) are based 

on economic modeling, Section 3.1 is included for purposes of describing the complexities associated with 

modeling the system of interactions that result in corn prices and number of corn acres planted each year. 

Section 3.2 summarizes our literature review including the assertions of researchers critical and 

supportive of the RFS program. Section 3.3 presents the results of Ramboll’s modeling efforts that 

evaluate, at a high level, the modeling efforts by EPA and other researchers to estimate the impact of the 

RFS on corn prices and acres planted. Section 3.4 summarizes the economic analysis results and 

conclusions. 

3.1 Complexities in Modeling the Effect of the RFS on Corn Prices and Acres Planted 

As previously stated, the EPA has a statutory obligation to perform an analysis of various environmental 

and economic impacts of proposed RFS volumes. Economic modeling is useful for such an analysis. The 

EPA’s modeling is forward looking, meaning that it focuses on estimating the impact of the RFS in years 

2023, 2024, and 2025. To perform such a forward analysis, the EPA develops two models; the first 

assumes that the proposed RFS is in place and the second assumes that the RFS is not in place. This 

second model is a baseline model.  

 

In the future, after the proposed RFS volumes are implemented, it will be possible to collect observational 

data regarding corn prices and acres planted for the years 2023 through 2025. However, to evaluate the 

impact of the RFS program, additional modeling efforts will be required. This is because it is not possible 

to collect observational data for a baseline that assumes no RFS program, when in fact the RFS has been 

implemented. Therefore, the EPA, or any other research group interested in studying the impact of the 

RFS program, must develop a baseline model for purposes of comparison. As we demonstrate in Section 

3.3, the baseline model and its associated assumptions are crucial to such analysis.  

 

The EPA’s modeling efforts go beyond estimating the impacts of the RFS program on corn prices and acres 

planted in corn. However, many of the other impacts such as the effect on habitat, endangered species, 
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and undeveloped land directly or indirectly relate to changes in the number of acres planted in corn. 

Therefore, models that can reasonably estimate acres planted in corn, under the assumptions of RFS or 

no RFS (baseline), are fundamental to evaluating all other impacts. 

 

A fundamental economic principle is that an increase in demand for a particular product will lead to an 

increase in the price of that product. This is because as demand increases, producers will be able to 

charge more for the product without experiencing a decrease in the number of products sold (in economic 

terms, such increased demand is known as an upward shift in the demand curve). Another fundamental 

principle is that as the price increases, more suppliers will enter the market to take advantage of the 

higher prices and the opportunity to achieve higher profits. Eventually, as more product is supplied, 

demand will be met, and producers will have to lower the price to move excess product (the lowering of 

prices because of increased supply in economic terms is referred to as a downward shift in the supply 

curve). 

 

A general concern of those critical of the RFS program is that it induces increased demand for ethanol to 

meet the implied conventional volume. These individuals further assume, based on basic economic 

principles, that the induced demand for ethanol will increase demand for corn which will in turn increase 

corn prices. Finally, in this chain of impacts, they assume that farmers will plant more acres of corn to sell 

at these higher prices. There is concern that available tillable land for corn planting will be exhausted and 

landowners will begin converting other land previously not used for corn agriculture (e.g., wetlands or 

grasslands) or they will divert land used for other crops to corn production. The concern regarding the 

latter choice is that the prices of other crops will go up since their supply in the market would be reduced.  

Lark et al. (2022) has engaged in significant analysis and modeling which they believe validates this chain 

of impacts. However, as discussed in the Economic Literature Review section, Ramboll disagrees with Lark 

et al.’s (2022) results. 

 

Although critics of the RFS program correctly rely on fundamental economic principles, they make errors 

including assuming a closed system and oversimplifying the planting decision. Assuming a closed system 

is incorrect because the price of corn within the US is only partially based on economic activities within 

the US. In reality, there is a great deal of global trade in corn and ethanol. The price of corn within the US 

is strongly affected by global supply and demand as well as policies in other countries and complex trade 

agreements. Simplistic concepts of supply and demand do not account for all the complexities associated 

with global markets. Furthermore, very complex economic modeling is needed to simulate all the 

interrelated realities of the corn planting decisions made by individual farmers. Figure 3-1 provides a 

conceptual model of many the factors that farmers may consider when deciding how much of their land to 

plant in corn and whether to invest in methods to increase corn yield (intensification).    
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Figure 3-1. Corn Planting Decision Complexity 

 

The various inputs known to play a crucial role in farmer planting decisions include weather, soil health, 

market prices, land availability, contracts, prices for other crops, and agricultural pests, among others.  

 

It is likely that large corporate farming operations adjust their planting based on all the factors presented 

in Figure 3-1. However, according to the US Department of Agriculture (USDA), approximately 89% of all 

US farms are small family farms, having a gross cash farm income of less than $350,000, and these 

farms make up approximately 53% of corn production (USDA Economic Research Service [ERS] 2022). 

With small family farms in the US producing most of the corn, farmers may not be able to plant the crop 

that simply produces the best market prices. Instead, they may need to honor crop rotations, the 

demands of other aspects of their farm operations (land needed for grazing cattle or sheep), and other 

factors important to farmers at this scale. 

 

With so many variables entering into the corn planting decision at the local level, isolating and modeling 

the effects of a single factor such as the renewable fuel volume is extremely difficult. This is especially 

true when one considers that corn ethanol was being produced prior to the RFS program and that ethanol 

production would continue without the RFS program. Ethanol production would continue because ethanol 

is used in many different markets including fuel, pharmaceuticals, cosmetics, and beverages. In addition, 

ethanol would continue to be added to gasoline as an oxygenate due to the ban on methyl tertiary-butyl  
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ether (MTBE5) implemented in 2006. The fact that ethanol production occurs regardless of the RFS 

program further complicates isolating the effect of a specific policy driven factor.  

 

Ramboll analyzes ethanol production and the implied conventional volume for the years 2005 through 

2022. The year 2005 is chosen as the starting point since it represents the year before the RFS program 

was implemented. In 2005, a total of four billion gallons of ethanol was produced without the incentive of 

the RFS program. This analysis further indicates that over the 16-year period, actual ethanol production 

exceeded the implied conventional volume in all but four years, i.e., 2012, 2013, 2014 and 2020 (it 

should be noted however that 2012 was an extreme drought year and the COVID-19 pandemic was 

occurring in 2020). In addition, actual ethanol production exceeded the implied conventional volume by 

an average of 0.73 billion gallons throughout the period of 2006 through 2022. This indicates that the rate 

of ethanol production is likely determined more by market demand than by the RFS. Furthermore, it 

demonstrates that it is very difficult to isolate the impact of the RFS from general market demand.  

3.2 Economic Literature Review 

This section incorporates a review and summary of recent relevant literature regarding the potential 

impact of the RFS program on the corn industry. 

  

We review the following key papers: 

 

• Lark et al. (2022): Environmental outcomes of the US Renewable Fuel Standard. 

• Austin et al. (2022): A review of domestic land use change attributable to U.S. biofuel policy. 

• Taheripour et al. (2022a): Economic Impacts of the U.S. Renewable Fuel Standard: An Ex-Post 

Evaluation. 

• EPA (2022b): Draft Regulatory Impact Analysis: RFS Standards for 2023-2025 and Other 

Changes. 

• Taheripour et al. (2022b): Comments on “Environmental Outcomes of the U.S. Renewable Fuel 

Standard.” 

• Taheripour et al. (2022c): Response to Comments from Lark et al. Regarding Taheripour et al. 

March 2022 Comments on Lark et al. Original PNAS Paper. 

• Carter et al. (2017): Commodity storage and the market effects of biofuel policies. 

• Carter et al. (2011): Commodity booms and busts. 

 

Much of the information in this section pertains to the first three papers i.e., Lark et al. (2022), Austin et 

al. (2022), and Taheripour et al. (2022a), along with the DRIA (EPA 2022b). We use the remaining 

documents to a lesser degree, primarily to address issues or call attention to data that either confirms or 

refutes information in the first three papers and the DRIA. 

 

We give special attention to the first three papers in this list because they provide three unique 

perspectives regarding the RFS program. Lark et al. (2022) took an overall negative view of economic and 

environmental impacts of the RFS program. Austin et al. (2022) reviewed and summarized 29 studies 

published since 2008 that attributed US LUC to the RFS program. In addition, Austin et al. (2022) 

 
5 MTBE was used in gasoline starting in the mid-1980s to increase efficiency and reduce pollution. However, MTBE was 

found in some water sources and in blood in humans and was then banned in several states (Centers for Disease 

Control and Prevention 2017). Ethanol provides oxygenation of gasoline similar to MTBE and has been used as a 

replacement (Kanaskie 2000). 
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provided recommendations based on their analysis of the various studies. Taheripour et al. (2022a) 

refuted many of the statements contained within Lark et al. (2022).  

3.2.1 Lark et al. (2022) 

The Lark et al. (2022) paper focused on presumed negative externalities associated with the production of 

corn-based ethanol in the US, namely, reducing land used for conservation, water quality, and failing to 

meet the reduced greenhouse gas emissions reduction goals of the program (Lark et al. 2022). From a 

strictly economic perspective, the findings of concern in the Lark et al. (2022) paper are that for the years 

2008 through 2016 the RFS: 

 

• Increased corn prices in the US by 30%. 

• Increased the prices of other crops by 20%. 

• Expanded US corn cultivation by 2.8 million hectares (equivalent to 6.9 million acres). 

 

These findings would be reason for concern if they were credible; however, they do not correspond with 

observed data from the referenced years. Table 3-1 below presents the average annual spot price data for 

corn, soybean and wheat as obtained from the USDA. A review of this data indicates the prices for all 

three crops varied widely throughout this time frame and the spot price for each crop was lower in 2016 

than in 2008. 

 

Table 3-1. Annual Spot Prices for Corn, Soybeans and Wheat 

Year Average Annual Corn 

Spot Prices 

Average Annual 

Soybean Spot Prices 

Average Annual Wheat 

Spot Prices 

2008 $5.30 $12.32 $7.99 

2009 $3.75 $10.20 $5.34 

2010 $4.31 $10.49 $5.87 

2011 $6.80 $13.19 $7.14 

2012 $6.92 $14.62 $7.54 

2013 $5.69 $13.86 $6.86 

2014 $4.16 $12.29 $5.89 

2015 $3.78 $9.42 $5.08 

2016 $3.60 $9.88 $4.39 

 

Given that the spot price for corn in 2016 was below the price in 2008, one could argue that the lower 

prices represent the long-term result of increased corn acres planted; perhaps as much as 6.9 million 

acres as reported Lark et al. (2022). However, USDA data from 1926 to 2022 indicate that there has not 

been a significant increase in corn production acres, but rather a decrease in total acres of corn planted 

across the US (see Figure 3-2). The data show peak acreage was planted in 1932 at 113 million acres 

(USDA National Agricultural Statistics Service [NASS] 2023a). 



 

 

13 

 

 

Figure 3-2. Long-Term Acres Corn Planted 

Data Source: Corn Acres Planted – USDA NASS 2023a 

 

Given the information in Table 3-1 and Figure 3-2, many would find it difficult to understand how Lark et 

al. (2022) could make claims that corn prices have increased by 30% and corn acres cultivated have 

expanded by 6.9 million acres. The answer is likely found in the choice of baseline and modeling 

methodology in Lark et al. (2022).  

 

Although the baseline chosen by the Lark et al. (2022) paper included only the ethanol needed to meet 

the requirements under the 1990 Clean Air Act for reformulated gasoline across the period, it is not clear 

what baseline volume of ethanol production is assumed in their model. Additional online research to 

assess the volume of ethanol production assumed by the Clean Air Act did not readily produce this 

information. However, the baseline volume of ethanol production that is assumed in their model appears 

to be the volume needed to replace MTBE as a fuel additive. According to published transcripts of a 2003 

hearing before the US Senate Subcommittee on Clean Air, Climate Change and Nuclear Safety “between 

3.5 and 4.5 billion would be needed to replace MTBE.” (US Government Printing Office 2004). We believe 

that Lark et al. (2022) used a volume within this range throughout the time frame of their analysis (2008 

to 2016). In addition, it is likely that they used a volume of 4.0 billion gallons, since this was the amount 

produced in 2005 without the incentive of the RFS program. As previously discussed, the market demand 

for ethanol on average has been above the implied conventional volume for the period that the program 

has been in existence (2006 through 2022) by approximately 0.73 billion gallons. The average implied 

conventional volume for the period analyzed by Lark et al. (2022) is 12.4 billion gallons. Although it is 

very difficult to determine the annual baseline volume of ethanol production (i.e., the volume of ethanol 

that would have been produced without the implied conventional volumes) it is likely much higher than 

the value used by Lark et al. (2022), perhaps as much as three times higher. This is because it appears 

that Lark et al. (2022) may have used a baseline of 4.0 billion gallons of ethanol and that market demand 

for ethanol generally has been above the implied convention volume. Therefore, the market demand is 
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likely very close to the average implied conventional volume throughout the period of Lark et al.’s (2022) 

analysis, i.e., approximately 12 billion gallons.  

 

The methodology in Lark et al. (2022) involved the creation of two distinct models. The first model 

focused on estimating the effects of the RFS on crop prices. According to Lark et al. (2022), their 

approach for modeling impacts of the RFS on crop prices closely followed methods used by Carter et al. 

(2017) but incorporated the RFS program as a persistent shock to the agricultural markets rather than a 

transitory shock whose price impacts are different (Lark et al. 2022). In addition, Lark et al. (2022) noted 

that they extended the work of Carter et al. (2017) to include the impact of the RFS program on soybean 

and wheat prices. Lastly, Lark et al. (2022) explained that their pricing model accounted for the effect of 

year end storage of crops (i.e., corn, soybeans, wheat), which as they noted, is a staple of literature on 

the prices of storable commodities. 

 

The second model included in Lark et al. (2022) involved a regression model focused on estimating the 

probability of crop rotations. Specifically, Lark et al. (2022) assessed the impact of the RFS program on 

cropland based on the probability of cropland expansion and abandonment at the field level.  

 

Lark et al. (2022) provided additional details regarding their methodology in the supplementary 

information associated with their report, although working through the various details of this methodology 

is beyond the scope of this analysis. However, there are two important points regarding this approach 

that are worth noting. The first is that Lark et al. (2022) was focused, in terms of spatial extent, 

exclusively on the market within the contiguous US as a closed system. However, the work by Austin et 

al. (2022) highlighted that studies which only considered domestic impacts reported higher level impacts 

of the RFS than those that considered global markets, because corn and ethanol are globally traded 

commodities. The global lens is more appropriate because the global market can dampen the impact of 

increased demand and/or supply of either commodity. 

 

It is also important to note that the probability model developed by Lark et al. (2022) operated at a field 

level degree of spatial resolution. Specifically, the identified fields were based on the USDA’s common 

land use boundary. From the standpoint of economic modeling, this is an extremely granular model. In 

economics, high granularity indicates that the model is attempting to predict the actions of fewer 

individuals. For example, it is extremely difficult to predict whether one individual will buy a new car in 

the next year based on population level data, but we can predict how many individuals out of 1,000 will 

buy a new car in the next year with much more confidence. It is our experience that with any economic 

modeling effort, increased levels of granularity introduce increased levels of uncertainty due to difficulties 

obtaining data and structuring simulation models representative of actions at such a high degree of 

resolution. In essence, the modeling approach of Lark et al. (2022) was aimed at estimating the likely 

decisions of individual landowners, which can introduce too much variability into the model of a larger 

market.  

 

Lark et al. (2022) called attention to two peaks in the observed acres planted in corn that were 

significantly above their assumed baseline, which they attributed to the RFS program. These peaks 

occurred in 2007 and 2012 and are presented in Figure 3-3. 
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Figure 3-3. Peaks in Corn Acres Planted in 2007 and 2012 

Data Source: Corn Acres Planted – USDA NASS 2023a 

 

While Lark et al. (2022) attributed the increases in corn acres planted in 2007 and 2012 solely to the RFS 

program, other researchers, i.e., Taheripour et al. (2022a), credited the temporary increases to other 

factors including: 

 

• Ban of use of MTBE in 2006 as a gasoline additive. 

• Tax exemption for ethanol of $0.40/gallon through 2011 established by National Energy 

Conservation Policy Act. 

• State incentives for biofuel production. 

 

Carter et al. (2011) offered two additional explanations for the commodity price boom of 2008: rising 

global demand and weak US federal policy.  

 

In summary, we believe the analysis presented in Lark et al. (2022) overestimates the impact of the RFS 

program on corn prices and corn acres planted primarily by using a baseline that is too low (perhaps one 

third of what it should be) by assuming that the implied conventional volume is the only driver for ethanol 

production. In addition, their approach focused only on the US market which does not account for the 

dampening effect of the global market on corn prices and acres planted. Furthermore, the model is very 

granular, from an economics point of view, which in most cases introduces much uncertainty. Lastly, as 

we shall see in the comments provided by Taheripour et al. (2022a), Lark et al. (2022) did not account for 

the impact of DDGS as an animal feed replacement for corn. Nor did Lark et al. (2022) account for the 

effect of increased corn yield. 
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3.2.2 Austin et al. (2022) 

Austin et al. (2022) reviewed a total of 29 studies published since 2008 which attributed domestic LUC to 

the RFS program. These studies resulted in a wide range of LUC estimates depending on factors such as: 

 

• Type of economic models utilized (simulation based or empirical methods). 

• Key attributes or parameters included in the studies. 

• Baseline scenario chosen. 

• Land use effect (i.e., change in corn crop, change in Conservation Reserve Program [CRP] 

acreage: changes among cropland, cropland pasture, forested pasture, timberland, developed 

land, etc.). 

• Spatial extent (i.e., global, contiguous US, US region, group of states, particular states). 

• Spatial resolution (region of the US, US counties, crop reporting districts, defined grids cells [e.g., 

10 by 10 kilometers, 30 by 30 meters, 3.5 by 3.5 miles]). 

 

Austin et. al. (2022) reported that the economic simulation models provided a range of 0.01 to 2.24 

million acres of net cropland expansion per billion-gallon increase in biofuels. This is a wide range, 

spanning two orders of magnitude. Such a wide range demonstrates the difficulties in creating 

representative models when so many variables are involved. 

 

Furthermore, Austin et al. (2022) noted that in general, international models that capture global 

responses have a smaller range of variability in corn acres planted. Simply stated, they reasoned that the 

global market worked to dampen the effect of increased demands in commodities such as corn and 

ethanol in the US market (i.e., these demands can be met by the global supply).  

 

In addition to differences in geographic scope and resolution, Austin et al. (2022) highlighted that the 

time periods over which the studies evaluated LUC were highly variable. The time frames ranged from 3 

to 30 years. Such a wide range of variability makes it difficult to make substantive claims regarding a 

general or universal conclusion common among all studies.  

 

Based on a review of the various papers, Austin et al. (2022) made an important point that an ideal 

simulation modeling study would be global in scope, account for trade dynamics, include international 

market interactions, and would represent all relevant market interactions together with agricultural, 

forestry, land transportation, and energy markets (Austin et al. 2022). Moreover, Austin et al. (2022) 

added that one approach to reconciling these competing goals would be to develop an integrated model 

that leveraged the benefits of computable general equilibrium modeling to capture global economy-wide 

interactions and partial equilibrium models that supply a detailed representation of the US land sector. 

 

In addition to creating the combined model as suggested by Austin et al. (2022), based on our analysis of 

the literature, Ramboll would add that it is important to select a proper time range for the evaluation, 

establish a proper baseline, account for increased corn yield and increased ethanol productivity, and make 

use of observed data for model calibration.    
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3.2.3 Taheripour et al. (2022a) 

“Economic Impacts of the U.S. Renewable Fuel Standard: An Ex-Post Evaluation” by Taheripour et al. 

(2022a) provides the most representative work in our review regarding the impact of the RFS program. 

We base this conclusion on the following attributes of the work in Taheripour et al. (2022a): 

 

• Use of general equilibrium modeling to account for the global market interactions and partial 

equilibrium modeling to account for the US land sector. 

• Spatial resolution based on US agro-ecological zones (10 in the US). 

• Evaluation of a 12-year time frame, 2004 through 2016. 

• Inclusion of the analysis of four different baselines across two different time periods, i.e., 2004 to 

2011 and 2011 to 2016. The time separation was done because, during the period of 2004 

through 2016, crop and food prices followed an upward trend until 2012 and then tracked 

downward. This trend is seen in the US and globally as well. 

• Accounts for increased corn yield, increased ethanol productivity, and the introduction of DDGS as 

a whole corn feed replacement. 

• Use of observed data for the purpose of model calibration. 

 

Below is a short list of conclusions reached by Taheripour et al. (2022a) based on their modeling 

approach. 

 

1. The bulk of ethanol production prior to 2012 was driven by what was happening in the national 

and global markets for energy and agricultural commodities.  

2. Regardless of the drivers, real crop prices have increased between 1.1 and 5.5% from 2004 to 

2011 with only one-tenth of the price increases attributable to the RFS program.  

3. For 2011 to 2016, the long-run price impacts of biofuels were less than the period of 2004 to 

2011. 

4. If there were no RFS program, farmers in the US would produce less corn by 1.2%. 

5. When removing the RFS volumes for both ethanol and biodiesel outputs for corn, soybeans, 

rapeseed, and other oilseeds drop by 1.4, 1.6, 12.4, and 4.3%, respectively. 

6. Ignoring the contributions of non-RFS factors, the impact of the RFS on crop prices and acres 

planted is very small. 

 

The results from Taheripour et al. (2022a) provide considerable evidence that the RFS program has had 

little impact on both the price of corn and corn acres planted. These results appear to be consistent with 

observed changes in corn prices shown in Table 3-1 and the long-term acres of corn planted as shown in 

Figure 3-2; more so than the results produced by Lark et al. (2022). 

 

Taheripour et al. (2022b) produced a second paper for the purpose of providing comments to Lark et al. 

(2022). One of the comments provided by Taheripour et al. (2022b) was that Lark et al. (2022) reached 

LUC conclusions without careful consideration of corn yield increases over time and DDGS offsets. As a 

demonstration of these impacts, Taheripour et al. (2022b) provided an analysis showing an overall net 

reduction of 4.262 million acres of land needed to meet the volume for the RFS in 2008. A summary of 

their analysis is presented in Table 3-2 below.  
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Table 3-2. Land Area Savings from DDGS 

Base Year Acres 

1. Gross acres needed for increased ethanol volume 10,862,266 

2. Land area spared due to DDGS production -5,539,158 

3. Land area spared from corn yield increases on 2008 corn acres (no ethanol production) -9,585,000 

4. Net land area (1+2+3) after considering DDG with ethanol production and corn yield increases -4,261,892 

Source: Taheripour et al. 2022b. 

 

Assuming that this analysis is correct, it is likely that similar, if not larger, net reductions in land needed 

for corn production would be present throughout the time frame of the RFS program. 

3.2.4 EPA DRIA (2022b) 

The significant differences regarding the impacts of the RFS program on corn prices and corn production 

reported by Lark et al. (2022) and Taheripour et al. (2022a; 2022b) demonstrate the need to understand 

the modeling approach EPA uses before comparisons can be made between the results reported by these 

researchers and those EPA reports in the DRIA (EPA 2022b). 

 

When the EPA was drafting the 2010 RFS rule, the agency developed an integrated model that utilized 

both the Forest and Agricultural Sector Optimization Model with Greenhouse Gases model (“FASOM 

model”) and the Food and Agricultural Policy Research Institute international model,(“FAPRI model”) 

developed at the Center for Agriculture and Rural Development at Iowa State University, as well as data 

from many other sources (EPA 2022b). The FASOM model was used to estimate domestic impacts in the 

agricultural and forestry sectors, and the FAPRI model was utilized to model impacts in the international 

agricultural sector (EPA 2022b). The EPA’s process for developing the modeling framework is discussed in 

Section 4.2.1.2 of the DRIA. 

 

The DRIA utilizes a baseline scenario that the EPA describes as “No RFS.” This baseline assumes that if 

there were no RFS volumes set by the EPA (2022a), production of ethanol would continue to occur in 

response to demand. Given that the EPA uses an integrated model that includes international and 

domestic impacts and a baseline that assumes market production of ethanol without the RFS, their 

modeling approach is aligned with that of Taheripour et al. (2022a) and the approach recommended by 

Austin et al. (2022). 

 

Chapter 8 of the DRIA includes a table showing the EPA’s corn price increase estimates for 2023, 2024, 

and 2025. Table 3-3 below is a duplication of Table 8.4-1 found in the DRIA. Note that the corn price 

increases shown in this table were estimated at $0.10/bushel for 2023 to 2025. This minimal impact in 

corn prices, although forward looking, is reflective of what Taheripour et al. (2022a) found when looking 

back at the time frame of 2004 through 2016 using an appropriate baseline. However, Taheripour et al.’s 

(2022a) results indicate even smaller impacts stating that real crop prices increased between 1.1 and 

5.5% from 2004 to 2011 with only one-tenth of the price increases attributable to the RFS program, i.e. 

0.11% and 0.55% respectively. Furthermore. Taheripour et al. (2022a), state that for the period 2011 to 

2016, price impacts of biofuels were less than the period of 2004 to 2011, i.e., below 0.11% to 0.55% 

respectively. 
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Table 3-3. Projected Impact on Corn Prices Relative to the NO RFS Baseline 

Parameter 2023 2024 2025 

Corn Price Percent Increase per Billion Gallons of Ethanol 3% 3% 3% 

Corn Price (RFS Volumes); $/bushel $4.60 $4.37 $4.13 

Corn Price Increase per Billion Gallons of Ethanol; $/bushel $0.14 $0.13 $0.13 

Corn Ethanol Increase; billion gallons 0.706 0.776 0.84 

Corn Price Increase; $/bushel $0.10 $0.10 $0.10 

Corn Price (No RFS Baseline); $/bushel $4.50 $4.27 $4.23 

Source: DRIA Section 8.4-1 

 

Consistent with Taheripour et al. (2022a), the DRIA reports that impacts from other market factors could 

lead to a reduction of acres of corn planted, including a shift away from the usage of whole corn as animal 

feed with the rise of other substitutes (DRIA, pp. 406-407). According to the USDA, DDGS supply and use 

rises in concert with ethanol fuel production (Olson and Capehart 2019). As an approximately 1.22 to 1 by 

weight substitute for corn grain feed rations, DDGS can be a better alternative to corn due to a higher 

protein content and nutrient density (Wadhwa and Bakshi 2016). The EPA finds that an increase in DDGS 

is a factor contributing to the longer-term shift of the animal feed industry away from whole corn to 

increased use of DDGS, thus reducing the amount of corn that needs to be planted (DRIA, p. 407 ). 

  

The DRIA discusses an important market factor that acts to balance corn prices within the market, that is 

the corn ending stock-to-usage ratio. Throughout the year, not all corn is used in production. Because 

corn is only harvested once a year, storage is a large contributor in the supply chain (DRIA, p. 409). What 

is left over is commonly referred to as corn ending stocks. The DRIA finds that there is a statistically 

significant negative correlation between the corn ending stock-to-usage ratio and corn futures prices 

(DRIA, pp. 409-411). This shows that the amount of corn stored at the end of the year has a dampening 

effect on price (DRIA, p. 409), which further supports that the RFS is not a main driver in corn production. 

Ramboll’s analysis, which we provide in Section 3.3.3 and present in Figure 3-7, confirms EPA’s findings 

that there is a statistically significant negative correlation between the corn ending stock-to-usage ratio 

and corn futures prices. In short, our analysis indicates that corn prices are minimally affected by the 

implied conventional volume and that corn acreage planted is offset by increased corn yield and DDGS. 

3.3 Economic Analysis Methodology 

3.3.1 Variables of Ethanol Industry 

 

Based on industry research and interviews with small scale corn farmers and those who work in the 

ethanol industry, the primary factors that influence farmers’ corn planting decisions by small farmers are 

futures prices, regular crop rotation, and soil health (EPA 2022c; USDA NASS 2023a)  

 

Due to the interconnectedness of the corn production industry to other industries and dependence on 

environmental characteristics, attempting to account for each of these unpredictable variables will lead to 

a model that consists of too many assumptions which will not accurately represent the industry. To 
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prevent introducing too many assumptions and variables into the model, we develop a series of simplified 

models to better illustrate which variables are or are not explanatory. In addition, the Ramboll models use 

observed data for evaluating market responses to factors such as the RFS or total ethanol production 

rather than attempting to simulate (i.e., forecast) market responses to such inputs or developing baseline 

simulations. 

3.3.2 Analysis Objectives 

 

Our analysis focuses on two primary objectives. The first is to evaluate the effect of the RFS and ethanol 

production on corn prices and acres of corn planted. The second is to evaluate which research efforts best 

represent the potential effect of the implied conventional volume on corn prices and corn acreage planted. 

We consider research performed by EPA (2022b) and others that obtained similar results and conclusions, 

such as those found by Taheripour et al. (2022a; 2022b; 2022c) in addition to results obtained by Lark et 

al. (2022).  

 

Ramboll’s analysis uses two primary analytical techniques: linear regression and the analysis of 

correlation coefficients. Linear regressions are commonly used in economics to establish empirical 

relationships between variables. Linear regressions can use either a single variable or multiple variables to 

identify the effect of one variable or a set of variables (i.e., explanatory variables) on the parameters of 

interest (i.e., dependent variables). The strength of the relationships between variables are described 

using regression coefficients. It is important to note that when performing linear regressions, relationships 

between variables are not necessarily causal. Linear regressions can describe causal relationships; 

however, these regressions require strong assumptions and a robust understanding of the underlying 

economic mechanisms (Verbeek 2017).  

 

When interpreting regression coefficients, each slope coefficient measures the expected change in the 

dependent variable following a one-unit change in the explanatory variable of interest, maintaining all 

other explanatory variables constant (Verbeek 2017). There are several key statistics that measure 

whether the regression accurately represents the variables. Below is a list of the statistics we use in our 

analysis. 

 

• R2 – Also known as the coefficient of determination, is a statistical measure that indicates how 

well a regression model fits the data. It is usually interpreted as the percent of variation that is 

explained by the resulting regression equation. The closer R2 is to one, the better the explanatory 

power of the regression. 

• F-Statistic – This statistic is used to determine whether the relationship between the Y and X 

variables occurs by chance (null hypothesis) or is representative of an actual relationship 

(rejection of null hypothesis). 

• T-Statistic – This value is used to determine if a statically significant relationship exists between 

the explanatory variables (e.g., RFS) and the dependent variable (e.g., corn prices). 

• The correlation coefficient is a statistic that is used to determine the degree that one variable is 

related to another. It is a unitless index that ranges between -1 and +1. The closer this index is to 

-1 or +1, the greater the relationship.  

 

An often-stated caution regarding the interpretation of correlation is that correlation does not equal 

causation. There are three reasons that we might observe a correlation between pairs of observed data. 
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First, a logical relationship does exist between the two variables. Second, there is another external factor 

that is affecting both variables. Third, the observed correlation has occurred purely by chance and no 

correlation exists. The second and third explanations of correlation represent the reasons for the often-

stated caution regarding the use of this statistic. 

 

Correlation is frequently used along with regression analysis to help evaluate if a dependency relationship 

exists between the explanatory parameters (the X values or independent values) and the parameter of 

interest (the Y value). Dependency means that a statistical relationship exists such that the independent 

values can be used to approximate the dependent value. Therefore, analysis of statistical results from 

linear regressions in conjunction with correlation is useful in evaluating the potential dependence between 

the variables of interest and reaching reasonable conclusions regarding this dependency. 

3.3.3 Economic Analysis 

 

This section details and depicts the economic models and relationships that were discussed in previous 

sections of this chapter. To start with the simple relationships, we run a regression of acres of corn 

planted versus corn futures prices to determine if futures prices have a significant influence on farmers’ 

decisions. January futures were used for this analysis because they would be considered by farmers when 

making corn planting decision. 
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Figure 3-4 below presents the analysis between corn acres planted and January corn futures prices.  

 

 

Figure 3-4. Relationship Between Acres Planted and Futures Prices 

Data Sources: 

Futures Prices – Macrotrends 2022 

Corn Acres Planted – USDA NASS 2023a 

 

Interpretation: Based on the outcome of the regression, a moderate statistical dependency exists 

between corn acres planted and January corn futures prices. However, the January corn futures prices 

explain less than 50% of the variation in corn acres planted. This shows that futures prices have a 

significant impact on planting; however, there are other factors not included in this model that may better 

explain price changes. 

 

An argument made by Lark et al. (2022) was that the RFS program causes an increase in corn prices. 

Figure 3-5 below shows the lack of a statistical relationship between corn prices and the implied 

conventional volume6. A single variate regression is run to display the possible relationship.  

 
6 Our analysis does not account for small refinery exemptions (SREs). Accounting for the effect of SREs would lower the 

implied conventional volume although not significantly. Not including the impact of SREs makes our model more 

conservative in that it assumes a larger number for the implied conventional volume. 
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Figure 3-5. Relationship Between Corn Prices and the Implied Conventional Volume 

Data sources: 

Corn Prices – Macrotrends 2022 

Implied Conventional Volume – EPA 2022c 

 

Interpretation: Based on the results of the regression shown in Figure 3-5, the statistical dependency 

between corn prices and implied conventional volume is either non-existent or very weak, with an R2 of 

12%. As is clear in the figure, corn prices fluctuate widely by year and are not statistically dependent on 

the RFS. Reasons for price increases since 2005 could be inflation, prices of other commodities, and 

demand for corn in other industries, which are not displayed in this model.  

 

Next, Ramboll tests the theory that ethanol production causes an increase in corn futures prices by 

running a single variate regression with ethanol plant production and January corn futures prices. In the 

following models, we use ethanol plant production values from the previous year’s production volumes 

reported in December of the previous year, which likely have a closer relationship with January corn 

futures prices for the following year (i.e., the next month), assuming such a relationship exists. 
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Figure 3-6. Relationship between Corn Futures Prices and Ethanol Production 

Source Data: 

January Futures Prices - Macrotrends 2022 

Ethanol production – Alternative Fuels Data Center 2021 

 

Interpretation: The results show a statistical dependency between corn prices and ethanol plant 

production is either non-existent or very weak based on the small R2 value of approximately 18%. This R2 

value and Figure 3-6 indicate that corn prices do not fluctuate in relation to ethanol production. There 

could be various reasons for this weak relationship including the corn ending stock-to-use ratio (see 

Figure 3-7).  

 

As stated by the research (DRIA) and supported by industry trends, a statistical dependency exists 

between corn ending stock-to-usage ratio and corn prices. Therefore, we perform an analysis to test this 

relationship and present it as Figure 3-7 below. 
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Figure 3-7. Relationship between Corn Futures Prices and Corn Stocks to Use Ratio 

Data sources:  

Corn Futures Prices – Macrotrends 2022 

Con Stocks – Index Mundi 2023 

 

Interpretation: As the results in Figure 3-7 indicate, corn futures prices are statistically dependent on 

the corn ending stock-to-use ratio, with an R2 of nearly 80%. The trendline also fits the data relatively 

well.  

 

We next run a regression including the implied conventional volume and acres of corn planted to test 

whether the acres of corn planted is statistically dependent on the implied conventional volume.   
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Figure 3-8. Relationship between Corn Acres Planted and the Implied Conventional Volume 

Data sources: 

Corn Acres Planted – USDA NASS 2023a 

Implied Conventional Volume – EPA 2022c 

 

Interpretation: As the figure and the R2 value of less than 30% show, a weak statistical dependency 

may exist between the corn acres planted and the implied conventional volume. 

 

Next, we run a single variate regression to determine if there is statistical dependence between the 

ethanol production quantities and acres planted of corn. 



 

 

27 

 

Figure 3-9. Relationship Between Corn Acres Planted and Ethanol Production 

Data sources:  

Corn Acres Planted – USDA NASS 2023a 

Ethanol Production – Alternative Fuels Data Center 2021 

 

Interpretation: Figure 3-9 demonstrates a weak to moderate statistical dependency may exist between 

the corn acres planted and the ethanol production, with an R2 value of approximately 45%. However, 

when we consider the analysis of the multivariate regression performed for corn acres planted, this 

dependency is found not to be significant when accounting for other explanatory parameters (i.e., wheat 

prices, soybean prices, and corn ending stock use ratio) as a group. This demonstrates why single variate 

regressions, although potentially informative, must be considered in conjunction with other potentially 

explanatory parameters.  

 

Our next regression involves analyzing the relationship between corn prices and crude oil prices. This 

analysis is performed because crude oil is known to be a supply chain cost for corn cultivation.  
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Figure 3-10. Relationship Between Corn Prices and Crude Oil Prices 

Data sources:  

Corn Spot Prices – Macrotrends 2022 

Crude Oil Spot Prices – US Energy Information Administration 2023 

 

Interpretation: Based on Figure 3-10, crude oil spot prices have a moderate statistical significance on 

corn prices, with an R2 value of 57%. Due to the moderate level of statistical significance, crude oil prices 

were included in a multivariate regression; however, it did not present as statistically significant. When 

included in a multivariate regression, the regression coefficient showed that for every dollar increase in 

crude oil prices, there is a one cent increase in the price of corn per bushel. Additionally, the inclusion of 

crude oil removed the statistical significance of other variables, such as soybean prices, which as 

previously discussed, are known to be an explanatory variable for corn prices. As such, crude oil prices 

were not included in the final multivariate regression.  

 

Figures 3-4 through 3-10, presented above, present simplistic models to demonstrate that implying one 

factor is the driving force behind an increase in corn prices and corn planting patterns is simply 

unrealistic7. The two main assumptions made by Lark et al. (2022) were that the volumes established by 

the RFS program will directly increase the demand for corn, which will increase corn prices and the overall 

acres of corn planted. To provide a more realistic analysis that considers the effects of groups of 

 
7 An area we did not investigate is the relationship between D4 renewable identification numbers (RINs) and D6 RINs 

as they are related as part of the overall program. However, our opinion is that the relationship between these 

potentially explanatory variables, in particular the effect of D4 RINs on corn prices and corn acreage is better 

addressed by investigating whether soybean prices are statistically dependent on biobased diesel volume 

requirements, and in turn does any effect on soybean prices impact corn prices and corn acreage. This analysis was 

performed, and the answer is that corn prices and acreage have a non-existent to weak statistical dependency with 

biobased diesel standards and production. This analysis is presented on page 31. 
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potentially explanatory variables, we run two multivariate regressions, one for corn prices and the other 

for corn acres planted. As presented below, both these multivariate regressions indicate that the implied 

conventional volume and ethanol production have minimal to no effect on corn prices or corn acres 

planted. 

 

 

The explanatory parameters selected for each regression are chosen because they fit one of the following 

categories: 

 

1. Evaluations of previous single variate regressions and correlation coefficients indicate that corn 

prices or corn acres planted are statistically dependent on these parameters. For example, corn 

prices have been shown to be statistically dependent on ending corn stocks-to-usage ratio 

(Figure 3-7) and corn acres planted have been shown to be statistically dependent on corn 

futures prices (Figure 3-4). 

2. General industry acceptance that certain parameters influence corn prices or corn acres planted 

(i.e., both soybean prices and wheat prices are generally accepted to influence corn prices and 

corn acres planted due to natural crop rotations [Camp 2019]). 

3. Assertions by Lark et al. (2022) and others that corn prices and acres planted are attributable to 

certain parameters, i.e., the RFS and ethanol plant production. 

 

We include the following potential explanatory parameters in our multivariate regression for corn futures 

prices based on the above criteria: implied conventional volume (billions of gallons), ethanol plant 

production (billions of gallons), January wheat futures price ($/bushel), January soybean futures price 

($/bushel), and corn ending stock use ratio (%). Table 3-4 below presents the results of the regression. 

 

Table 3-4. Corn Futures Prices Regression 

 

Constant, 

b0  

Implied 

Conventional 

Volume, b1 

Ethanol 

Plant 

Production 

(Prev. Yr.), 

b2 

January 

Wheat 

Futures 

Prices, b3 

January 

Soybean 

Futures 

Prices, b4 

Corn Ending 

Stock Use 

Ratio, b5 

Regression 

Coefficients 
2.03 -0.21 0.19 0.14 0.34 -12.78 

T-Statistic 1.68 -1.33 1.21 0.70 2.37 -2.51 

T-Critical 2.20 -1.80 2.20 2.20 2.20 -1.80 

Significant No No No No Yes Yes 

R-Factor 0.89 --- --- --- --- --- 

F-Statistic 17.36 --- --- --- --- --- 

F-Critical 3.01      

 

The first row of this table provides the regression coefficients. In the column heading these coefficients 

have been designated b1 through b5. In addition, note that there is a constant term designated b0. These 
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coefficients represent multipliers used (along with the constant factor) in an equation for estimating corn 

futures prices (i.e., y value) as follows. 

 

𝑦 = 𝑏0 +  𝑏1(𝑅𝐹𝑆) + 𝑏2(𝐸𝑡ℎ. 𝑃𝑟𝑜𝑑. ) + 𝑏3(𝑤ℎ𝑒𝑎𝑡 𝑓𝑢𝑡. ) + 𝑏4(𝑠𝑜𝑦𝑏𝑒𝑎𝑛 𝑓𝑢𝑡. ) + 𝑏5(𝑐𝑜𝑟𝑛 𝑠𝑡𝑜𝑐𝑘 𝑒𝑛𝑑 𝑟𝑎𝑡𝑖𝑜) 

 

In terms of the actual coefficients reported in Table 3-4 this equation becomes: 

  

𝑦 = 2.03 −  0.21(𝑅𝐹𝑆) + 0.19(𝐸𝑡ℎ. 𝑃𝑟𝑜𝑑. ) + 0.14(𝑤ℎ𝑒𝑎𝑡 𝑓𝑢𝑡. ) +  0.34(𝑠𝑜𝑦𝑏𝑒𝑎𝑛 𝑓𝑢𝑡. ) − 12.78(𝑐𝑜𝑟𝑛 𝑠𝑡𝑜𝑐𝑘 𝑒𝑛𝑑 𝑟𝑎𝑡𝑖𝑜) 

 

In other words, we now have the equation of a line that is like the lines presented within Figures 3-4 

through 3-10, with the exception that it is multidimensional and therefore impossible to graph. Now that 

the equation of this line has been determined, the question becomes, does it represent a reasonable or 

valid model? To answer this question, we return to our previously described R2, F-Statistic, and T-Statistic 

to interpret these results. 

 

Interpretation: The R2 value associated with our model is 0.89, which tells us that nearly 89% of the 

variability in corn futures prices is explained by the regression model.  

 

The F-Statistic of 17.36 is greater than F-Critical of 3.01, which indicates that we can reject null 

hypothesis that the relationship between Y's and X’s occurs by chance. In other words, based on the 

comparison of the F-Statistic and F-Critical we can state that the relationship between our explanatory 

variables and our dependent variable (corn futures prices) does not occur by chance. 

 

Analysis of our T-Statistic versus their associated T-Critical values indicates only two of the explanatory 

variables are statistically significant, i.e., soybean futures prices and the corn ending stock-use-ratio. 

These findings are consistent with the nature of the industry and discussions with industry professionals, 

as Figure 3-11 below further supports. The coefficient for the corn ending stock use ratio tells us that if all 

other variables were held constant, for every percent increase of the ending stock-use-ratio, the corn 

price decreases by nearly $0.13 (i.e., 0.01 x -12.78 = -0.1278). For every dollar increase in soybean 

prices, there is a $0.34 increase in corn prices. 

 

We now turn our attention to the other remaining explanatory parameters that, according to the T-test, 

were determined not statistically significant. When an explanatory variable is not statistically significant, 

we cannot reject the null hypothesis associated with this T-test that these regression coefficients are zero. 

In other words, although we have a valid regression based on the F-Statistic test and the R2 we cannot be 

certain that the coefficients for wheat futures, ethanol production, and RFS are not zero. In other words 

these coefficients may be zero. Therefore, the implied conventional volume and ethanol production are 

not significant contributors to corn prices. This multivariate analysis provides additional evidence that 

ethanol production and the implied conventional volume have minimal or no effect on corn prices. 

 

Since the multivariate regression for corn prices indicates soybean prices are significant, we perform 

further analysis of corn prices versus soybean prices. Figure 3-11 presents the results, which indicate a 

statistical dependency exists between corn and soybean futures prices.  
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Figure 3-11. Relationship Between Corn Futures Prices and Soybean Futures Prices 

Data sources:  

Soybean Futures Prices – Macrotrends 2023 

Corn Futures Prices – Macrotrends 2022 

 

This provides an additional confirmation that soybean prices should be included as an explanatory variable 

in the multivariate regression for corn prices. 

 

Having determined that soybean prices are a significant explanatory parameter regarding corn prices, we 

ran two more single variate regressions.  The first to determine if soybean prices are statistically 

dependent on the biomass-based diesel (biodiesel) volume standard.  The second to determine if soybean 

prices are statistically dependent on biodiesel production.  The first regression resulted in an R-Factor of 

0.03 and a correlation coefficient of 0.19 thus indicating that soybean prices are not statistically 

dependent on the biodiesel volume standard. The second regression resulted in an R-Factor of 0.18 and a 

correlation coefficient of 0.42 thus indicating that there is a weak statistical dependency between soybean 

prices and biodiesel production. This result led to the decision to perform one more single variate linear 

regression to determine if corn prices are statistically dependent on biodiesel production.  This last single 

variate regression resulted in an R-Factor of 0.18 and a correlation coefficient of 0.25.  These results 

indicate that there is a very weak to non-existent statistical dependency between biodiesel production and 

corn prices.  Based on the results of this this last single variate regression, Ramboll determined that there 

is no need to update the multivariate linear regression for corn prices to include biodiesel production.   
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We run a second multivariate regression to assist with more clearly understanding which variables may be 

explanatory for corn production. This regression includes implied conventional volume; ethanol 

production; January corn, wheat, and soybean futures prices; and the corn ending stock-to-usage ratio. 

We utilize the same thought process and econometric principles to attain the equation of a line for corn 

plantation in acres.  

 

Table 3-5. Corn Production Regression 

 

Constant, 

b0 

Implied 

Conventional 

Volume, b1 

Ethanol 

Plant 

Production 

(Prev. Yr), 

b2 

January 

Corn 

Futures 

Prices, 

b3 

January 

Wheat 

Futures 

Prices, b4 

January 

Soybean 

Futures 

Prices, b5 

Corn Ending 

Stock-to 

Usage Ratio, 

b6 

Regression 

Coefficients 72.74 1.20 -0.53 5.12 -0.42 -1.55 41.04 

t* 11.87 1.54 -0.68 3.76 -0.44 -1.97 1.42 

T-Critical 2.23 2.23 -1.81 2.23 -1.81 -1.81 2.23 

Significant Yes No No Yes No Yes No 

R-Factor 0.81 --- --- --- --- --- --- 

F-Statistic 7.22 --- --- --- --- --- --- 

F- Critical 3.14 --- --- --- --- --- --- 

 

Interpretation: The R2 value in Table 3-5 shows that 81% of the variability in corn production is 

explained by the model, which ensures this is a strong model.  

 

The F-Statistic of 7.22 is greater than F-Critical of 3.14, which indicates that we can reject null hypothesis 

that the relationship between Y's and X’s occurs by chance. Based on the analysis of our T-Statistic versus 

their associated T-Critical values, two of the explanatory variables show a statistical significance: corn 

futures prices and soybean futures prices.  

 

Looking at the regression coefficients, we expect to see a statistically significant relationship between 

soybean futures prices and corn futures prices based on their use in the industry. Soybean is used to help 

maintain healthy nitrogen levels in the soil (making it a crop regularly rotated with corn) and is also used 

in biofuels, so it is often a crop that can also act as a substitute for corn. The statistical significance 

associated with the corn production acres indicates this model is a good representation of the industry. 

The regression coefficient for corn prices indicates that for every dollar increase in corn futures prices, 

corn acreage is expected to increase by 5.22 million acres. The regression coefficient for soybean prices 

indicates that for every dollar increase in soybean prices, corn acreage is expected to decrease by 1.55 

million acres. 

 

Table 3-5 shows that the corn ending stock ratio, wheat futures prices, ethanol production, and the 

implied conventional volume are all not statistically significant, so although we have a valid regression 

based on the F-Statistic test and the R2, we cannot be certain that the regression coefficients of these 
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parameters are not zero. Therefore, this multivariate analysis provides additional evidence that ethanol 

production and the implied conventional volume have minimal or no effect on corn acres planted.  

3.4 Economic Results/Discussion 

 

As we demonstrate by the models and figures in the preceding subsections, the implied conventional 

volume is not a driving factor of an increase in acreage of corn production and, by proxy, any potential 

negative environmental effects associated with same. Overall, we conclude that futures prices of soybeans 

and the year ending stock use ratio are statistically the strongest variables in this analysis for the change 

in corn futures prices. Based on our regressions, the strongest indicators for corn acreage quantities are 

soybean and corn futures prices. 

 

A potential gap in these regressions is that seasonality is not included as a potential variable in the 

analysis and as discussed earlier, seasonality, weather, soil health, and pest control are all crucial factors 

in planting decisions.  

 

A difficult component to econometrics is the balance between including enough explanatory parameters in 

a model without over complicating it and clouding the model with variables that hold no statistical 

significance. Typically, adding parameters can improve an R2 value even if not all the parameters are 

found to be significant. This can happen because even though these parameters are not statistically 

significant, they still have some influence. Lark et al. (2022) may have overcomplicated their model by 

adding two different time periods and non-representative resolution data, while also making implausible 

forecasts (as discussed throughout this report) resulting in misleading results that the RFS was directly 

contributing to LUC and price increases in crops.  

 

Overall, our research concludes that the studies conducted by the EPA (2022b), Taheripour et al. (2022a), 

and Austin et al. (2022), are more representative of the likely effects of the implied conventional volume 

and ethanol production on corn prices and corn acres planted than are the results of Lark et al. (2022). 

The methods used by the EPA (2022b) and Taheripour et al. (2022a) account for effects of the global and 

domestic economies. The methods we use in this report, although high level, are based on 18 years of 

observed data. The results of our analysis confirm that the implied conventional volume has minimal to no 

effect on corn prices and acres of corn planted, consistent with the work by the EPA (2022b) and 

Taheripour et al. (2022a).  

4. Environmental and Ecological Analysis 

We support EPA’s finding that although some degree of LUC has been “ascribed to biofuel production, and 

in some cases even to the RFS program itself, in reality, such a causal connection is difficult to make 

with confidence” (DRIA, p. 240) (emphasis added). These findings were originally presented in EPA’s 

Second Triennial Report to Congress (EPA 2018). In fact, recent publications (e.g., Taheripour et al. 

2022b), as well as Ramboll’s independent analysis described above, demonstrate that any causal 

relationship between the RFS and LUC is weak at best, and likely results in very small changes in land use 

as compared to studies previously reviewed by EPA. This newer understanding of the relationship between 

LUC and the RFS is pivotal to discussions of potential adverse effects to wetlands, other ecosystems, and 

wildlife and should be acknowledged by EPA throughout the associated section in the final RIA.  
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4.1 Land Use Change References 

This section addresses the references made by EPA to LUC throughout the RFS and DRIA (EPA 2022a; 

2022b). This topic merits special review because LUC in the form of agricultural extensification has 

garnered much attention when it comes to assessing the potential impacts of the RFS on land and water. 

Agricultural extensification may result in impacts to water quality and water supply, soil quality, and 

habitat loss and consequent impacts to wildlife (including sensitive and special status species). Some 

investigators claiming widespread LUC is due to the RFS (e.g., Johnston 2013; Lark et al. 2015; 2022; 

Wright et al. 2017) are heavily cited in the DRIA even though the EPA found that “in reality, such a causal 

connection is difficult to make with confidence” (DRIA, p. 240). We support the EPA’s assertion that there 

is no clear causal link given the evidence shown in recent papers that results by Lark et al. (2015; 2022), 

Wright et al. (2017), and Johnston (2013) appear to have overestimated the magnitude of extensification 

due to critical methodological flaws (Copenhaver 2022; Dunn et al. 2017; Pritsolas and Pearson 2019; 

Shrestha et al. 2019; Taheripour et al. 2022b; USDA 2022). None of this recent literature, further 

discussed below, is cited in the DRIA. We recommend these more recent studies should be added to the 

final RIA give a more balanced understanding of LUC. Select findings from these recent papers are 

highlighted below. 

 

1. Taheripour et al. (2022b) “Environmental Outcomes of the U.S. Renewable Fuel Standard” made the 

following observations regarding Lark et al.’s (2022) estimates of LUC: 

 

• Increases in corn yield and the offsetting effects of DDGS were inadequately considered.  

• High-end yield increases in 2008 corn acres more than compensate for the increase of 5.5 billion 

gallons of ethanol assumed by Lark et al. (2022).  

• Ethanol demand may not drive an expansion above the 2008-year corn footprint. 

• Many parcels in the “Cropland Expansion Layer” appeared to be land that is periodically oscillating 

between agriculture and a fallow state rather than representing long-term extensification. 

• The time period assessed, 2008 to 2016, corresponds to a period of large increases in crop prices 

which are not attributable solely to biofuels and represents only a short time period as compared 

to the long-term RFS policy. This temporally biased attribution can result in an overestimate of 

the magnitude of LUC potentially attributable to the RFS. 

 

2. USDA (2022) found that conclusions by Lark et al. (2022) regarding carbon losses per acre potentially 

associated with the RFS likely overestimated actual losses by a factor of ten. USDA (2022) identified 

the following major flaws in the work that are related to estimates of LUC: 

 

• Failure to account for cropland-to-cropland conversions including land that is moving between 

corn and other row crops, which may include crop rotations to improve soil health.  

• Misclassification of Conservation Reserve Program (CRP) land as either native lands or longer-

term CRP lands. 

• Failure to account for geographic heterogeneity in the demand for corn for ethanol that is driven 

by the location of ethanol refineries. Instead, Lark et al. (2022) allocated their LUC estimates 

equally within the study’s boundaries. 

• The title of the Lark et al. (2022) paper implies that the findings are causally linked to the impact 

of the RFS on corn, soybean, and wheat prices. However, the authors modeled the impact on corn 

prices from corn ethanol demand in general, and this demand was not exclusively influenced by 
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the RFS. Other major drivers for corn ethanol demand include substitution of corn ethanol for 

MTBE following the ban of MTBE and increases in oil and gasoline prices.  

 

3. Copenhaver (2022) analyzed many data sources, including aerial imagery, to determine whether the 

moderate resolution databases used to calculate LUC were accurate. He found that the CDL data layer 

that Wright et al. (2017) and Lark et al. (2015; 2021) relied upon was unreliable for correctly 

estimating LUC. Even Lark et al. (2021) report that accuracies for identifying noncropland classes 

using the CDL data layer can be as low as 50%. Specifically, Copenhaver (2022) had the following 

findings: 

 

• “[…]Datasets classified [by CDL] as natural-to-crop land change was idle cropland.” 

• Even at a resolution of 30 meters, sufficient granularity to observe change in small plots of land 

was lacking, and it became increasingly difficult to accurately identify land cover types with larger 

resolutions. 

• “Moderate resolution satellite imagery is hindered by low accuracies for noncropland classes and 

limited land cover/use classes.” 

• Number of hectares changing to cropland (7,901) was similar to the number of hectares returning 

to grassland (6,145) after a detailed analysis of counties showing change in hectares farmed. 

 

4. Pritsolas and Pearson (2019) reviewed the research methodologies for the LUC assessments published 

by Wright and Wimberly (2013), Lark et al. (2015), and Wright et al. (2017). All three of these 

publications relied on the CDL for their analyses. Some of the main points from their review included: 

 

• Low accuracy in the CDL for “native prairie, Conservation Reserve Program, grass hay, grass 

pasture and fallow/idle grasslands.” 

• Increased accuracy in the CDL over time due to improving technology which could lead to 

wrongful findings of LUC. For example, the 2012 CDL was nearly 100% accurate in classification 

of acres of corn and soybeans, but only 80% accurate in 2008. Therefore, land that was crops in 

2008 but was misclassified as natural area would have falsely appeared to have changed to crops 

in 2012. 

• A net increase of 38,000 acres of cropland, compared to the 263,468 acres found by Lark et al. 

(2015) or the 295,100 acres reported by Wright et al. (2017) after a close examination of Iowa 

LUC between 2008 to 2012 using the USDA NASS. 

 

5. Dunn et al. (2017) conducted an analysis of LUC in the Prairie Pothole Region using CDL data, 

modified CDL data, data from the National Agricultural Imagery Program, and ground-truthing. They 

found many sources of error when relying only on the CDL. Specifically, they found the following: 

 

• The CDL and modified CDL analyses vastly overestimated LUC in the Prairie Pothole Region. 

• The CDL and modified CDL analysis did not find land clearing for agriculture when it was less than 

the 30-meter resolution of the CDL. 

• Areas with more diverse types of land cover and that were less often planted with the same row 

crops had higher errors in CDL and modified CDL classifications. 

• Topographical features increased the error in CDL and modified CDL classifications. 
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6. Shrestha et al. (2019) “manually verified” CDL data classification in 664 square kilometers in three 

areas in the US to determine whether there was a possible link between biofuel production and LUC. 

They found that automated land classification systems were not effective at accurate estimations of 

LUC and cited the Lark et al. (2015) paper as one that overestimated LUC because it relied on the 

CDL. They concluded: 

 

• LUC to cropland in the areas examined between 2011 to 2015 was 8.53% using CDL data, while 

manual verification showed only 0.31% change. 

• Land classification systems automated by the CDL and National Land Cover Database were not 

designed to calculate LUC. 

• Data distributed spatially in the CDL were not official data. Official data was available, but only 

when aggregated at the county level. 

 

The above listed papers criticized the methods of Lark et al. (2015; 2022), and Wright et al. (2017). 

However, their criticism is also apt for Johnston (2013). The DRIA refers to Johnston (2013) as potential 

evidence for wetland loss in the Prairie Pothole Region. Like Lark et al. (2015; 2022) and Wright et al. 

(2017), Johnston (2013) used the CDL in her LUC analysis by intersecting this layer with the US Fish and 

Wildlife Service’s National Wetland Inventory (NWI) data layer. Not only is the CDL a poor tool for 

estimating accurate LUC to crops, the NWI layer is also unreliable. As indicated by US Fish and Wildlife 

Service (2023), the NWI is a planning-level tool that makes “no attempt to define the limits of proprietary 

jurisdiction,” and includes no measure of ground-truthing. Therefore, the NWI is not a robust dataset for 

estimating wetland loss at a scale as far-reaching as that of the entire Prairie Pothole Region. 

Furthermore, the analysis of Johnston (2013) did not compare findings from before and after 2008 and 

provided no acceptable reference or counter-factual scenario for how things may have evolved in the 

absence of the RFS. Johnston (2013) cited increased demand for corn to produce ethanol as the reason 

for potential extensification, however her causal analysis lacked rigor. Johnston (2013) did not assess the 

causal linkage except by association to corn prices. This assumption is erroneous, as we have shown in 

our economic analysis that there is little direct association between corn prices and demand for ethanol or 

the RFS volumes.  

 

In summary, to the extent any LUC is driven by US biofuels policy, such change has not been quantified in 

a predictable and repeatable manner and observed change has not been causally linked to biofuels policy. 

Nor is there any evidence that LUC will result from the volumes proposed in the current rule. The final RIA 

should comprehensively address the limitations of the Lark et al. (2015; 2022), Wright et al. (2017), and 

Johnston (2013) papers or remove citations to them. Additionally, we recommend that the EPA include 

references to the following articles: Copenhaver 2022; Dunn et al. 2017; Pritsolas and Pearson 2019; 

Shrestha et al. 2019; Taheripour et al. 2022b; USDA 2022 to clearly explain the shortcomings in the 

methodologies that have been used to predict LUC, and to acknowledge the studies that conclude that the 

causal relationship between the RFS and LUC is weak or non-existent. 

4.2 Conversion of Wetlands, Ecosystems, and Wildlife Habitats 

This section of the report references Section 4.3 in the DRIA: Conversion of Wetlands, Ecosystems, and 

Wildlife Habitats. 
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4.2.1 Wetlands 

The DRIA states that “[it] does not provide the information needed to determine the portion of wetland 

acres lost in order to grow feedstocks for biofuels, nor does it attempt to identify the portion of lost 

wetland acres attributable to the RFS program,” (DRIA, p. 242) and further, repeats the 

acknowledgement in the second Triennial report that EPA cannot quantify the amount of cropland 

extensification that may have been due to the market for biofuels (and by extension any increased 

demand for corn for ethanol due to the RFS). These statements require qualification because the literature 

does not support that there is any wetlands loss attributable to the RFS. In addition, many investigators 

have suggested that the RFS results in extensive wetland loss, without adequate support. Unfortunately, 

technical flaws in literature the DRIA cites to show wetland loss due to agricultural extensification (Wright 

et al. 2017 and Johnston 2013) make the authors’ assessments unreliable. These papers use CDL data to 

create their estimates, which, according to literature we cited in Section 4.1, suggests that they grossly 

overestimate wetland LUC. They also do not provide a quantitative causal framework for attributing 

estimated wetland loss to the RFS rule specifically.  

 

Furthermore, Wright et al. (2017) and Johnston (2013) implied that the decision by individual farmers to 

extend their agricultural land at the expense of wetlands is a simple decision based largely on increased 

corn prices driven by the RFS. However, our economics section demonstrated that the decision is not 

simple and that factors apart from corn prices are critical to a farmer’s decision. In addition to typical 

agricultural factors such as soil health and projected profits, there are also many policy provisions in place 

to reduce the occurrence of wetland conversion due to agricultural extensification. Incentive programs (as 

outlined by Gleason et al. 2011) included in the Farm Bills such as the Wetland Reserve Program in the 

1990 Farm Bill8 and the Wildlife Habitat Incentives Program and Environmental Quality Incentives 

Program in the 1996 Farm Bill9 discourage agricultural extensification by providing financial incentives to a 

farmer for preserving sensitive ecosystems, such as wetlands. Further, the Swampbuster provisions, 

included in the Food Security Act of 1985 (Public Law 99-198), deem a farmer ineligible for certain USDA 

benefits (subsidies, loans, crop insurance, etc.) if agricultural commodities are produced on converted 

wetlands. Conversion of wetlands is not only decided by the decision of an individual farmer but is also 

heavily regulated under Section 404 of the Clean Water Act (33 US Code § 1344), which can require 

extensive permitting, and often compensatory mitigation, for impacts to wetlands greater than 0.1 acres. 

These mitigating factors and incentive programs are additional factors in a farmer’s decision to pursue 

wetland conversion in favor of agricultural extensification and should be explicitly acknowledged in EPA’s 

final RIA.  

4.2.2 Other Ecosystems 

The DRIA section on conversion of other ecosystems is largely focused on the conversion of grasslands 

and the EPA cites Wright et al. (2017) and Lark et al. (2015) as the evidence for grassland conversion. As 

previously discussed in the current report and in the NGES report (2022), these references have major 

flaws including the low confidence of the CDL data they used in differentiating between grassland, 

pasture, and crop-rotation land classifications as described in our report in Section 4.1. For this reason, 

we urge the EPA to explicitly acknowledge the deficiencies of Wright et al. (2017) and Lark et al. (2015) in 

the final RIA, specifically as they pertain to reporting grassland conversion, or that the references be 

excluded entirely.  

 
8 Formally known as the Food, Agriculture, Conservation, and Trade Act of 1990 (Public Law 101-624) 
9 Formally known as the Federal Agriculture Improvement and Reform Act of 1996 (Public Law 104-127) 
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4.2.3 Wildlife 

The DRIA introduces the Wildlife section as a discussion of impacts to wildlife that are linked to changes in 

wetland and other ecosystems but limits the discussion to birds and pollinators with the reasoning that 

these groups of organisms are the most studied. The focus on these two receptor groups may result in an 

unjustified perception that a causal relationship between the RFS and negative effects on wildlife has been 

established and that these two receptor groups are at particular risk. The discussion of potential impacts 

to wildlife that the DRIA (and Second Triennial Report) present may give the casual reader a false 

impression that the impacts it describes are attributable to the RFS. We recommend that EPA consider 

acknowledging the lack of a quantitative relationship between biofuel feedstock grown specifically to meet 

the RFS and potential impacts to wildlife from corresponding LUC. Specific comments regarding the 

discussion of birds and pollinators follow. 

4.2.3.1 Birds 

The DRIA cites Gleason et al. (2011) in support of the assertion that “Conversion of wetlands to row crops 

is associated with reduced duck habitat and productivity of duck food sources, including aquatic plants 

and invertebrates.” However, this assertion is not supported by the article cited. Gleason et al. (2011) 

examined the benefits of programs such as CRP and the Wetland Reserve Program in restoring ecosystem 

services (including waterfowl habitat services) but did not address habitat loss due to agricultural 

conversion. Moreover, the paper also did not assess or mention the potential role of the RFS in wetland 

loss and therefore it has no relevance to the discussion of potential impacts of the RFS. In fact, biofuels 

are mentioned only in the abstract of the paper and only in the context of the importance of USDA 

conservation programs in view of increasing demands for agricultural products (food and fiber were also 

mentioned).  

 

The DRIA cites Fletcher et al. (2011), which conducted a meta-analysis of 15 articles reporting on the 

difference in vertebrate (mostly bird) biodiversity between agricultural lands devoted to crops that can be 

used for biofuels and other non-agriculture lands. They noted, however, that only two of the papers that 

were deemed adequate for their study differentiated between corn and soy. More important, Fletcher et 

al. (2011) did not attempt to apportion such changes spatially or quantitatively to any direct effects of the 

RFS. In fact, at an even more fundamental level, the authors acknowledged that “We still know 

remarkably little about the biodiversity associated with current biofuel crops….” We suggest that EPA 

acknowledge two things in the final RIA when citing this paper: 1) that the authors made no attempt to 

quantify any biodiversity impacts to extensification due to the RFS, and 2) the specific weaknesses of the 

study acknowledged by the authors themselves including the poor state of knowledge regarding 

biodiversity in fields devoted to growing biofuel feedstock. 

 

Additionally, the DRIA cites a study by Evans and Potts (2015; the DRIA cites Evans et al. 2015) in 

support of the assertion that grassland bird species are among those species at highest risk from LUC 

driven by biofuels. Although the DRIA presents a good summary of the study, it does not point out some 

of the weaknesses of the study that are acknowledged by the authors themselves, for example: 

 

• The counterfactual scenario developed “is simplified in that it does not include a number of other 

important drivers of agricultural commodity prices and LUC, including growing demand from 

international markets, commodity market speculation, and exchange rate fluctuations.” 
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• The “results suggest that this approach may overestimate the ecological impact of biofuel 

expansion due to a relatively inelastic cropland acreage supply response to expected market 

conditions.” 

• Use of CDL data which has “very poor” classification accuracy for differentiating between 

grassland, pasture, and hay management required that the authors merge these land classes into 

a single category. 

 

We recommend that the EPA explicitly include these weaknesses identified by Evans and Potts (2015) into 

the final RIA when citing the study. 

4.2.3.2 Pollinators 

The DRIA discusses the importance of pollinators, mainly focusing on bees, and how populations of bees 

have declined in recent years. The DRIA acknowledges that pollinator decline is due to many causes such 

as disease, LUC, and pesticide use10. However, the DRIA cites articles which do not directly relate 

population declines resulting from the production of biofuels or to the enactment of the RFS (Godfray et 

al. 2014; Goulson et al. 2015; Hellerstein et al. 2017; Koh et al. 2016; Lautenbach et al. 2012; Losey and 

Vaughan 2006).  

 

The articles the DRIA cites regarding LUC suggest that population declines are due to LUC from many 

causes, but their estimates of LUC are likely overestimated. Two of the authors discussing the effect of 

LUC on pollinators used CDL data to calculate LUC (Koh et al. 2016; Hellerstein et al. 2017) which we 

have shown leads to overestimation of LUC. The analysis in another paper the DRIA cites regarding LUC, 

Lautenbach et al. (2012), was based on a model using a crop layer with 10 by 10-kilometer resolution. 

Based on previous critiques of the CDL and the necessary satellite-imagery resolution needed for land 

cover analyses (Copenhaver 2022), this model from Lautenbach et al. (2012) is not refined enough to 

differentiate between land use types and their estimates of loss of pollinators due to LUC are likely 

overestimated. 

 

Understanding the actual harm of pesticide use is complicated for certain types of pesticides. In addition, 

the mass of pesticide applied to corn crops has decreased since the 1980s (Fernandez-Cornejo et al. 

2014; USDA ERS 2018a; USDA NASS 2013). The DRIA cites two articles, Godfray et al. (2014) and 

Goulson et al. (2015), which discussed the harm to pollinators from neonicotinoid pesticide exposure. 

These papers reported that neonicotinoid pesticide can impact pollinators but also stated that it is not 

clear how harmful neonicotinoids truly are. More recent studies have still not clarified the strength of the 

relationship between neonicotinoid pesticides and pollinator populations. For example, the Singla et al. 

(2021) paper “Influence of neonicotinoids on pollinators: A review” found that the pesticide negatively 

impacted various behaviors of pollinators (e.g., foraging, pollination, and reproduction) but did not always 

lead to pollinator mortality. The authors acknowledged there were many limitations and gaps in this area 

of research that need to be elucidated in future studies. The final RIA should incorporate discussion of 

Singla et al. (2021) and clarify that any neonicotinoid harm is not well understood and has not been 

quantified. 

 
10 DRIA, pp. 250-251 – “A 2016 modeling study suggests that wild bee populations decreased by 23% across the U.S. 

between 2008 and 2013.437 The causes of these reductions are complex, but include land use change, pesticides, and 

disease.” 
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Due in part to EPA regulatory efforts, pesticide use has decreased in the US since the 1980s (Fernandez-

Cornejo et al. 2014; USDA ERS 2018a). The EPA Office of Pesticide Programs released the “Policy to 

Mitigate the Acute Risk to Bees from Pesticide Products” (hereafter, the policy) in 2017 and proposed 

more actions to protect pollinators in 2020 (EPA 2017; 2022d). This 2017 policy was enacted to mitigate 

acute hazards to bees from pesticide products by regulating application through practical means such as 

restricting spraying to times when pollinators are least active. The actions to protect pollinators are also 

known as the “Proposed Interim Decision on Neonicotinoids,” which expands on management measures of 

the policy. The EPA proposes to cancel the spraying of imidacloprid on turf, keep pesticides on the 

intended target, reduce the amount used on crops associated with potential ecological risks, and restrict 

when pesticides can be applied to blooming crops to limit exposure to bees (EPA 2017; 2022e). Ramboll 

and NGES recommend that the EPA review these new policy measures in the final RIA’s pollinator 

discussion to highlight potential future improvements in agricultural practices that may mitigate potential 

impacts caused by the RFS.  

 

In summary, the DRIA did not cite any specific source which causally tied corn ethanol biofuel production 

to pollinator population decline, nor are we aware of any. Thus, we recommend that the EPA clarify this 

section to state that there is no known causal mechanism between the RFS and pollinator declines, that 

research into this relationship is lacking, and that cited papers about pollinator decline do not relate to the 

RFS.  

5. Soil and Water Quality 

The DRIA discusses impacts of biofuels feedstock on soil and water quality together due to their close 

association. The discussion is mostly general in terms of potential impacts of agriculture, but it does cite 

several studies that are specific to corn and soy. For example, the DRIA identifies the following potential 

impacts to soil and water from for agriculture: increased erosion from tilling and other land management 

practices, fertilizer and pesticide runoff from fields to surface water bodies, depletion of soil organic 

matter, chemical contamination from releases and spills, and increase loading of nutrients and other 

agrichemicals resulting in adverse water quality conditions, including potential toxicity to aquatic 

organisms. The DRIA correctly acknowledges that: 1) The role of the RFS in observed impacts to soil and 

water quality cannot be estimated (p. 267); 2) future impacts relative to 2022 are likely to be small 

(p. 267); and 3) there are many effective management practices that can act to counterbalance any 

negative impacts from corn for ethanol (e.g., p. 257). The final RIA should clarify these positions 

throughout the discussion of potential water quality impacts. 

 

Over the past few decades, widespread adoption of improved agricultural practices has mitigated many of 

the impacts described in the DRIA . There is strong evidence that the agricultural community, including 

biofuel feedstock producers, are adopting modern agricultural practices (Vuran et al. 2018). The EPA 

(2010 and 2018a) acknowledge and strongly advocate for these modern practices and note that negative 

impacts to environmental resources will be reduced with the use of modern approaches to tilling, fertilizer 

use, water use, and precision agriculture. In its discussion of impacts to soil and proximal water quality 

(DRIA, p. 255), the DRIA presents a calculation of a theoretical increase in nitrogen applied to farm fields 

nationwide due to corn extensification, but this calculation is flawed because the assumption regarding 

acres of extensification for corn is based on the work of Lark et al. (2015) which has been shown to be 

unreliable. We recommend that EPA remove this example calculation from the text of the final RIA 

because it is erroneous. Similarly, the DRIA cites Garcia et al. (2017) who estimated that corn production 
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between 2002 and 2022 would result in nitrate groundwater contamination of greater than 5 milligrams 

per liter in areas with sandy or loamy soils. However, this estimate is based on corn production in general 

and the authors did not attempt to associate the increased nitrates in groundwater to any effect of the 

RFS. In the absence of evidence of a quantitative causal relationship, the discussion in the DRIA of the 

relationship between agriculture (and corn growing in particular) and proximal water quality creates the 

misleading impression of a direct causal relationship. 

 

Similarly, the DRIA presents a discussion of the potential downstream effects of corn and soy cultivation. 

In terms of aquatic life, the DRIA discusses the biological condition of the nation’s rivers, streams, and 

lakes and the causative factors contributing to poor conditions. The DRIA cites source documents that 

mention nutrient enrichment as a leading contributor to degraded water quality conditions nationwide. 

Throughout these discussions, the DRIA provides no link to biofuels crops or the RFS other than to note 

that several areas with the worst problems are in areas where biofuels crops are prevalent. Because the 

DRIA does not acknowledge this lack of nexus to the RFS, it creates the false impression that widespread 

water quality degradation is due to biofuel crop intensification and extensification that is driven by the 

RFS. The final RIA should acknowledge that there have been no studies establishing such a quantitative 

causal link between the RFS and soil and water quality. 

 

As it did in 2021, the DRIA mentions the role of nutrient enrichment in the formation of very large-scale 

hypoxic events in western Lake Erie or the Gulf of Mexico. However, the DRIA does not discuss what, if 

any, influence biofuels feedstock production may have in eliciting this phenomenon. Perhaps most 

important, the DRIA does not mention that regional hypoxic conditions in western Lake Erie and the Gulf 

of Mexico were increasing in frequency and severity long before ethanol production increased and that 

nitrogen loading to the Gulf of Mexico remained fairly constant from the early 1990s through about 2008 

and then actually began a decreasing trend (Figure 5-1). The DRIA ignores a rich literature describing the 

complexity of these phenomena and does not explicitly state that the eutrophication studies it cites (e.g., 

Secchi et al. 2011) did not attempt to estimate increased nutrient input from biofuels crops grown to 

meet demand from the RFS (this topic is discussed in more detail at Ramboll 2019, pp. 26-27). We 

recommend that the final RIA include a discussion of the lack of causal evidence linking the RFS to these 

phenomena.  
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Figure 5-1. Annual Nitrate and Nitrite Loading to the Gulf of Mexico 1980-2021 

Data Source: US Geological Survey 2021 

 

The DRIA also discusses the potential for deleterious effects on aquatic life from pesticides applied to corn 

and soybeans and in support of such statements, cites various toxicological studies. Among the papers 

EPA cites are studies of glyphosate (the active ingredient in Roundup) on fish including sublethal effects 

such as DNA damage and altered muscle and brain function. For example, a study by Guilherme et al. 

(2012) reported on observed genetic damage from acute exposure of a single test species (Anguilla 

anguilla, European eel) to glyphosate in water using the comet assay. The comet assay is a sensitive test 

that is not specific to chemical stressors in general and certainly not specific to agrochemicals such as 

glyphosate. In addition, the test is fraught with problems of interpretation as well as laboratory practices 

that can dramatically affect results. For example, Braafladt et al. (2016) described sources of variability in 

the comet assay that included variations in the protocol used to process the cells, the microscope imaging 

system used, and the software used in the computerized analysis of the images. The authors stated that 

“Manual image analysis revealed measurement variations in percent DNA in tail as high as 40% due to 

microscope focus, camera exposure time and the software image intensity threshold level.” McArt et al. 

(2009) highlighted limitations in the use of the comet assay, including lack of standardization such as 

solution molarity, pH, the use of protein digests, wash times, unwinding times, and electrophoresis times 

which can all contribute to differences in the scoring values obtained. In addition, the authors maintained 

that certain aspects of the comet protocol are open to selection bias associated with investigator choice on 

the number and location of comets to analyze. In addition to the poor reliability of comet assays, there is 

no way to interpret the result in terms of potential effects at the organism or population level.  
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The DRIA also cites toxicological studies using physiological (biomarker) responses. Like comet assays, 

such studies cannot be extrapolated to individual or population level effects and are not chemical specific, 

rather the results simply indicate that an organism, organ, or tissue has been exposed to a substance that 

is known to elicit the measured response (e.g., Modesto and Martinez 2010). We recommend that EPA 

delete citations to toxicological studies that rely on biomarkers. For example, both EPA and USDA have 

issued fact sheets acknowledging that glyphosate is practically nontoxic to fish and aquatic invertebrates 

(EPA 1993; USDA 1997). More recent review articles of the aquatic toxicity of glyphosate agree with these 

earlier findings (e.g., Bastos et al. 2018 and Solomon and Thompson 2003). The EPA could cite these 

studies (EPA 1993; USDA 1997; Bastos et al. 2018 and Solomon and Thompson 2003) in the final RIA in 

place of the biomarker studies. 

 

In summary, the general discussion of soil and water quality impacts from agriculture is missing an 

adequate discussion of the lack of a causal relationship between the RFS and the impacts discussed. The 

DRIA also fails to adequately acknowledge the role of ongoing adoption of modern agricultural practices 

such as precision agriculture in mitigating such impacts (e.g., see for example Ramboll 2019, pp. 31-33). 

6. Water Quantity and Availability 

Like other areas of our review (Economic, Environmental & Ecological, Soil & Water Quality), the DRIA 

provides the foundation for Ramboll’s analysis of the effect of the proposed volumes on water quality and 

water availability. A key statement presented within the DRIA regarding water quantity and water 

availability is: 

 

“To our knowledge, there have been no comprehensive studies of the changes in irrigated acres, 

rates of irrigation, or changes in surface and groundwater supplies attributed specifically to the 

increased production of corn grain-based ethanol and soybean-based biodiesel.” (DRIA, p. 273) 

 

However, current wording in the DRIA suggests that corn, specifically corn for biofuels, is a driver for 

change in the High Plains Aquifer (HPA) levels. Specifically, the DRIA states “Water intensive corn and 

soybean production occurs on irrigated acres in states such as Nebraska and Kansas, in particular, the 

western parts of those states. These states also overlap the High Plains Aquifer (HPA) “where 

groundwater levels have declined at unsustainable rates.  (Smidt et al. 2016)” (DRIA, p. 268) Changing 

and declining water levels in the HPA are not disputed. However, the EPA cites literature that attempts to 

connect an alleged increase in corn acreage to changes in HPA water levels such as Smidt et al. (2016), 

Wu et al. (2014), and Liu et al. (2017).  

 

Ramboll’s analysis on water quantity and availability includes reviewing literature the DRIA relies on 

regarding water quantity impacts and water levels in the HPA (particularly in Nebraska), including the 

following: 

 

• EPA (2018): Biofuels and the Environment: Second Triennial Report to Congress. 

• Wu et al. (2014): Life-cycle water quantity and water quality implications of biofuels. 

• Smidt et al. (2016): Complex water management in modern agriculture: Trends in the water-

energy-food nexus over the High Plains Aquifer. 
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• National Academy of Sciences (2011): Renewable Fuel Standard: Potential Economic and 

Environmental Effects of U.S. Biofuel Policy. 

• Dominguez-Faus et al. (2009): The water footprint of biofuels: A drink or drive issue? 

• Gerbens-Leenes and Hoekstra (2012): The water footprint of sweeteners and bio-ethanol. 

• Liu et al. (2017): Potential water requirements of increased ethanol fuel in the USA. 

 

Ramboll’s findings based on a review of this literature are as follows. 

 

• The HPA water levels within the states where most corn is grown, Nebraska and South Dakota, 

are renewed in a normal precipitation year (McGuire and Strauch 2022). 

• HPA levels in Nebraska have remained relatively constant or have increased over time. 

• In general, Nebraska corn yields steadily increased in the period from 2005 through 2017 while 

HPA levels have remained relatively constant. An exception to this general trend is the period 

from 2011 through 2013 when both corn yields and HPA levels decreased as result of below 

average annual precipitation.  

• Groundwater depletion in the HPA is further south over Oklahoma and Texas where the climate is 

drier and where only 4% of the ethanol plants in the country exist. 

• Technological advances have reduced and are expected continue reducing the amount of water 

used for corn production. 

EPA should address these key points in the final DRIA.  

6.1 Impact of Corn Production on the HPA 

 

Although there are eight states that exist within the boundaries of the HPA, corn is the most grown crop in 

only two of them: Nebraska and South Dakota. In those two states, the HPA water levels are renewed in a 

normal precipitation year (McGuire and Strauch 2022). Figure 6-1 represents the water level changes in 

the HPA from pre-development to 2017 over the eight states where the HPA is located along with the 

location and capacity of ethanol plants in the HPA (McGuire and Strauch 2022; National Renewable Energy 

Laboratory 2023). This figure indicates that most ethanol plants exist within central and eastern Nebraska 

where HPA level changes are primarily non-existent or the levels have risen. There are areas of southeast 

Nebraska where water levels declined within the range of 5 to 25 feet. However, as stated in the 

introduction, there have been no comprehensive studies that attribute decreasing groundwater supplies to 

the increased production of corn grain-based ethanol and soybean-based biodiesel.  

 

Figure 6-1 further indicates that the location where significant groundwater depletion is occurring in the 

HPA is further south over Oklahoma and Texas where the climate is typically drier than the northern HPA. 

It should be noted that only about 4% of the ethanol plants in the country are in this portion of the HPA. 
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Figure 6-1. High Plains Aquifer (HPA) Water Level Changes from Pre-Development to 2017 in the Midwest 

of the US and Ethanol Refinery Locations based on their Capacity 

Sources: McGuire and Strauch (2022); National Renewable Energy Laboratory (2023) 
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The fact that the largest amount of groundwater depletion in the HPA occurs in Oklahoma and Texas, 

where the climate is much drier, points to the fact that when considering changes in HPA levels, one must 

also consider changes in average annual precipitation. Figure 6-2 shows the relationship between the 

average annual precipitation and HPA levels in Nebraska overlaid by the bushels of corn produced in the 

state. Inspection of the figure clearly shows that: 

 

• HPA levels have remained relatively constant or have increased over time, as indicated by the 

green line representing the HPA level remaining relatively flat over time. 

• Years of low average annual precipitation correlate with low HPA levels. This is evidenced by the 

dips in the blue line, which represents precipitation, being followed by dips in the green line, 

which represents the HPA level. This is most prominent from 2011 to 2013.    

• Corn yields have steadily increased while HPA levels have remained relatively constant. This is 

evidenced by the orange line representing corn yield increasing over time.  

• Corn yield decreases in years of low average annual precipitation as evidenced in the years 2011 

to 2013. This decrease also demonstrates that corn production in Nebraska is largely dependent 

on annual precipitation and not withdrawal from the HPA.   

 

 

Figure 6-2. Comparison of Average Annual Precipitation to HPA Levels and Corn Production in Nebraska 

Sources: Nebraska Corn Board 2023; National Oceanic and Atmospheric Administration 2023; US Geological Survey 

2023; USDA NASS 2014 
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6.2 Other Factors Affecting the HPA 

 

Although our discussions regarding Figures 6-1 and 6-2 focus on the effects of corn production on the 

HPA, the corn in these figures is not limited to that which is grown for biofuel. Water removed from the 

HPA is also used to irrigate corn grown for other purposes such as food for livestock. In addition, there 

are other uses of water that contribute to decreases in the HPA including livestock production, municipal 

and industrial use, and growth of other crops. The other major crops harvested in the HPA areas of 

Nebraska are wheat, soybeans, alfalfa, and sorghum. Nebraska commits large areas of production to 

other crops including approximate 5.5 million acres to soybeans, 5.1 million acres to hay, 1.6 million 

acres to wheat for a total of approximately 12.2 million acres. The area for these others crops exceed the 

9.9 million acres used for corn (Nebraska Corn Board 2022). The state also supplies ~20% of the nation’s 

cattle (USDA NASS 2023b).  

6.3 Advanced Agriculture and Reduction in Water Use 

 

The USDA anticipates improvements in corn production practices and techniques to result in a yield 

increase of 16.1 more bushels per harvested acre by 2028 (USDA NASS 2018); thus, provided that these 

technological and methodological changes are made, significant reductions in water use will continue to 

take place for corn production. While the percentage of harvested corn acres has dropped from 80% 

irrigated in 1979 to 70% irrigated in 2013 (USDA NASS 2013), irrigated corn still disproportionately 

represents the top source of agriculturally consumed water (USDA-ERS 2022). In 2012, corn production 

accounted for approximately 25% of total U.S. irrigated acreage harvested (USDA-ERS 2022). With an 

emphasis on water-related technology and methodological changes in the late 2010s, Table 6-1 provides 

an overview of a selection of beneficial prevailing opportunities for water savings in irrigated agriculture. A 

review of literature suggests that upwards of 50% of irrigated water can be eliminated by instituting such 

pre-established practices (Shangguan et al. 2002). 

 

Table 6-1. Technological and Methodological Improvements to Irrigation of Corn Crops 

Technological 

Advancement 

Approximate 

water savings 

factor 

Baseline 

scenario 

Demonstrated 

potential yield 

increase 

Notes 

Subsurface drip 

irrigation  

25-35%  vs. center pivot 

system  

15-33%  Costs 40-50% higher than center 

pivot systems, but returns-on-

investment (ROI) can accrue 

within 2—5 years. In 2007, only 

0.1% of irrigated corn farms 

used this.  

Rainwater 

harvesting and 

storage  

50+%  vs. natural soil 

runoff  

20-52%  Includes 1) harvesting of surface 

runoff from roads; 2) field micro-

catchment to increase fallow 

efficiency in rain.  
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Technological 

Advancement 

Approximate 

water savings 

factor 

Baseline 

scenario 

Demonstrated 

potential yield 

increase 

Notes 

Precision 

agriculture  

13%  vs. without 

government-run 

weather network  

8%  Includes use of GPS, GIS, in situ 

soil testing, remote sensing crop 

and soil status, real-time 

weather info. Adoption rate 

slightly higher in corn belt.   

Conservation 

structures  

18%  vs. conventional 

agriculture  

27%  Examples include grass 

vegetation strips. Adoption is 

higher in areas of highly erodible 

land.   

 

Because water supply is a concern irrespective of corn and biofuel production, there is also a precedent 

for subsidized government programs that successfully implement these new technologies for the benefit 

of the farmers. For example, because of prolonged drought conditions, California installed a network of 

145 automated statewide weather stations, so that farmers could manage their water resources more 

efficiently (California Irrigation Management Information System 2023). 

 

Generally, opportunities for technology improvement are found when considering irrigation system 

development. For example, in 2018, fewer than 10% of irrigators used soil- or plant- moisture sensing 

devices or commercial scheduling services, and fewer than 2% used simulation models that are based on 

corn growth patterns and weather conditions (USDA ERS 2018b). However, adoption of more efficient 

technologies is growing in the U.S., especially in the western U.S. where the percent of crops irrigated 

with more efficient pressurized (versus gravity) irrigation systems had increased to 72% by 2018, 

compared to 37% in 1984 (USDA ERS 2022). 

 

Barriers to implementation of these measures may include such issues as: 1) farmer concerns about the 

impact of new practices on yields; 2) tenant or lease issues that discourage the installation or use of new 

equipment; 3) institutional issues related to Federal Crop Insurance Program; 4) irrigation water rights 

laws like “use it or lose it;” and 5) insufficient self-funding by the farmers. The Great Plains area had 

traditionally been risk-averse to implementing subsurface drip irrigation techniques because of the upfront 

costs and uncertain lifespan of the systems, however, there have been improvements in the technology 

and irrigators are increasingly aware of the additional incentives for water conservation and protecting 

water quality (Lamm and Trooien 2003). 

 

While controversial, genetic engineering or selection for improved drought tolerant corn cultivars has also 

contributed to increases in corn crop productivity as part of ethanol production. Genetic breeding has also 

shown that yields can be maintained with lower water requirements (nearly 25% reduction), in addition to 

studies that suggest corn crops can forego the initial irrigation without significant adverse effects to the 

harvest (Xue et al. 2017). 

 

Altogether, there is still significant potential for increases in yield and decreases in irrigation, which 

ultimately will address water quality concerns caused by leaching or run-off of chemicals to both the 

subsurface and to surface water. 
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6.4 Reduction in Water Usage for Ethanol Processing 

 

With the data available, trends suggest an overall decrease in consumptive biofuel production water use 

over time, due to advances in technology and in the efficiency of existing plants. In 1998, the average dry 

mill consumed 5.8 gallons of water per gallon of ethanol. However, by 2009, the U.S. Department of 

Energy estimated this had been reduced to approximately 3 gallons of water per gallon of ethanol.  

Wu et al. (2018) noted additional trends that suggest decreases in the water demands of existing and 

new ethanol plants. Freshwater consumption in existing dry mill plants had, in a production-weighted 

average, dropped 48% in less than 10 years to water use rates that are 17% lower than typical mill 

values. Water use can be minimized even further, through process optimization, capture of the water 

vapor from dryers, and boiler condensate recycling to reduce boiler makeup rates. 

6.5 Technology Changes and Reduction in Chemical Use 

 

Recent advancement in technology in agriculture practices have increased the crop yield without changes 

in the water usage. It is not unusual for farmers to adopt such new practices as part of pre-existing 

agricultural operations. In 2011 and 2012, 78% of total corn acres were planted in rotation with soybean 

and/or other for-sale crops (Atwell et al. 2016; Azevedo et al. 1999; Barton and Clark 2014; Foodwise 

2014). This “conservation tillage” method has been shown to result in an approximately 9.6% increase in 

yield (Atwell et al. 2016; Azevedo et al. 1999; Barton and Clark 2014; Foodwise 2014). 

 

Based on discussions with Professor M. Ruark of University of Wisconsin, Madison, the application of slow 

released (or controlled) nitrogen fertilizer during peak uptake is key to improving nutrient efficiency and 

utilization (Lal and Stewart 2018). Under optimum moisture and temperature conditions, use of slow 

released nitrogen fertilizer can greatly reduce leaching of nutrients. However, further research is 

necessary to discern the best slow-release fertilizer for a given crop species (Rose 2002).   

 

A similar method called fertigation (alternate partial root-zone drip irrigation) has been shown to improve 

the nitrogen uptake in addition to water-use-efficiency (WUE) without greater yield loss. Some additional 

studies have shown that fertigation can generally improve the WUE while reducing the nitrogen leaching 

in subsurface (Fu et al. 2017). 

 

Ramboll recognize that genetic engineering can be controversial, but it has enabled these benefits which 

can be used to address potential challenges such as aquatic dead zones. Combined with advanced 

chemical technologies, including slow-release nitrogen-based fertilizers and bio-inhibitors, additional 

reductions in pesticide and fertilizer use are possible in corn production. Use of bioreactors, for instance, 

which involves redirecting water through tiles to underground woodchips where nitrate is removed by 

microorganisms, can reduce nitrogen pollution in run-off by 15 to 90% (Christianson 2016; Iowa Corn 

Growers Association 2023). 
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6.6 Recommendations Regarding Factors Influencing HPA Levels 

 

From our literature review, we agree with the EPA that the RFS does not have a known causal connection 

with impacts to water quantity11, although there is evidence that water quantities could be affected by 

additional irrigation12. However, our research also indicated that there are other factors that influence 

groundwater withdrawals from the HPA that we recommend be acknowledged and discussed in the final 

RIA, including precipitation patterns, drought years, other uses of corn production, and improved 

technology.  
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