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Executive summary
In “Nutritional and greenhouse gas impacts of removing animals from US agriculture,” White & Hall
imagine a future without animal agriculture but make the odd and unrealistic assumption that without
livestock, Americans would continue to produce animal feed and incorporate it into human diets
(White & Hall, 2017). Feed crops take up roughly 75% of US cropland (USDA NASS, 2018), and
commodity corn, the primary crop grown for feed, is both unpalatable for humans without processing
and notoriously demanding of nutrients (Stewart et al., 2005). Without livestock, the 240 million acres
currently used for feed production would likely be used to grow a much wider variety of much
healthier and more palatable crops for human consumption, as well as biofuel crops and food for
export, all while setting aside critical habitat for endangered species. These shifts would be beneficial,
because they would not require the high fertilizer loads and other farming practices used to maximize
corn yields, which are the primary drivers of biodiversity loss in American streams and recurring dead
zones in the Gulf of Mexico and elsewhere (NOAA, 2000). Many studies have shown that such shifts
from animal agriculture to plant-based systems have concomitant benefits to total food production,
health, and environment (Behrens et al., 2017; Peters et al., 2016). In fact these were precisely the
findings of the US Dietary Guidelines Committee, which in 2015 concluded on the basis of a broad
scientific review that a transition to healthy, animal-free diets could reduce the adverse environmental
impacts of agriculture (USDA, 2015).
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Introduction
Providing food for a growing population without further degrading the environment is a crucial global
challenge. Already, agricultural practices and the extent of land use for cropland and livestock grazing
are pushing Earth’s systems to their limits (Rockstrom et al., 2009). Many scientists have sought to
address the environmental problems associated with agriculture, studying the potential for more
productive or ecologically sound farming systems and the relationship between diet and land use. In
their November 2017 paper, White & Hall apply a highly simplified model of the connections between
food production and diet. You can take the title of their paper literally – they model what would
happen if you took animals out of our agricultural system without changing any of the other factors
that would necessarily shift, such as which crops farmers choose to plant. White & Hall’s overly
simplistic assumption that Americans will eat crops we currently use for animal feed (commodity corn
and soybeans) instead of switching to crops that are more appealing and nutritious (wheat, sweet
corn, beans, vegetables, etc.) leads to dubious environmental and nutrition conclusions.
In addition to this fatal flaw, the paper is not carefully written - the authors misreport information from
their sources in several places and interpret results selectively, as addressed in detail below. Their use
of irrelevant economic information in the abstract,1 unrelated to the design of their study or any of
their findings, shows evidence of bias in favor of the livestock industry.

Modeling flaws
By modeling a system where animals are removed but all other factors stay constant, the authors
erroneously assume that removing the primary market for feed crops will have no effect on what
farmers choose to plant. This is the key flaw of the paper. Unlike the sweet corn available at the
supermarket, commodity corn and other feed crops must be processed to be palatable to human
consumers. Eliminating the major market for these crops (livestock) would disincentivize farmers from
planting them and would drive a transition to a wider, healthier, and more environmentally friendly
variety of grains, legumes, vegetables, and fruits. To defend their lack of consideration of changes in
crop production in the absence of animals, White & Hall make the unsupported claim that climatic
rather than economic factors restrict vegetable production in the US. This assumption is contrary to
the experience of farmers, scientists, and agencies nationwide. Farmers are market-driven business
people whose planting decisions are influenced by access to markets and to government risk-reduction
programs, such as crop insurance. Vegetables and other so-called specialty crops grow well throughout
the Midwest and would be planted more widely if crop insurance policies did not restrict their planting
(Balagtas et al., 2013; USDA, 2018); and of course, if commodity crops were no longer being fed to
farm animals, there would be no incentive for such narrowly focused economic policy. By assuming
that supply will lead to consumption even where there is no demand, White & Hall ignore the basic
economic principle that if consumers don’t want something, no one will produce it.

Environmental Impacts
A) Changing crop production would allow the US to feed more people, reduce emissions, and
ameliorate many other environmental harms.
Removing animals from US agriculture would make far more food available for human consumption.
White & Hall admit this,2 but because they neglect to account for changes in crop production that will
result from such a shift, their assessment does not realize many of the potential benefits that increased
1
2

"The US livestock industry employs 1.6 × 106 people and accounts for $31.8 billion in exports."
Even in their unlikely scenario of humans eating vast quantities of feed crops, White & Hall found that without animals, the US
would be able to export enough protein to feed an additional 74 million people each year and enough calories to feed 158 million
people each year.
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productivity could bring. A recent study found that an agricultural system that reduced meat
production and increased fresh fruits and vegetables, consistent with U.S. dietary recommendations,
would reduce greenhouse gas emissions, fertilizer pollution, and land use by 25%, 21%, and 18%
respectively, even without eliminating emissions-intensive animal agriculture (Behrens et al., 2017).
Moreover, domestically producing crops tailored to healthy plant-based diets could allow US
agriculture to feed 735 to 807 million people using only 22% to 25% of the land used today (Peters et
al., 2016). Under this latter scenario, the US could export food for over 400 million people each year,
reducing the harmful environmental impacts of greenhouse gases and nutrient pollution from
agriculture around the world. White & Hall do not account for these potential benefits from land
sparing or offsets to environmental impacts from increased food exports in their analysis.
Another example of an obvious environmental impact neglected by White & Hall is the pollution associated
with feed crop production. Commodity corn, the primary crop grown for feed, is notoriously demanding of
water and nutrients. High fertilizer loads used to maximize corn yields, including overapplication of manure
from confined animal feeding operations (CAFOs), are a primary driver of biodiversity loss in American
streams and recurring dead zones in the Gulf of Mexico and elsewhere (Long et al., 2018; Meehan et al.,
2011; Rabalais et al., 2002). These dead zones are estimated to cost coastal US fisheries tens of millions of
dollars annually, in addition to impacts on local streams, rivers, and the broader damages to tourism and
regional ecosystems (Rabotyagov et al., 2014). Reducing fertilizer pollution from feed crops could have
massive long-term benefits for freshwater and coastal ecosystems.
B) Removing animals from agriculture opens up land for other environmentally
beneficial uses.
Commodity corn and soybeans for animal feed occupy over 50% US farmland and up to 80% of
cropland in the Midwestern corn belt.3 Expanding conservation measures on even a small fraction of
this land could dramatically reduce domestic greenhouse gas emissions and could improve cropland
quality by reducing the loss of soil carbon (Lal, 2004).4 For example, converting just 10% of US cropland
used for feed corn to switchgrass for production of second-generation biofuels could reduce US
agricultural greenhouse gas emissions by 6% to 12% by building soil organic matter and reducing
petroleum use.5 Already, forestry in the US sequesters nearly 700 million metric tons of CO2 per year,
offsetting more than 10% of all agricultural emissions (USEPA, 2017). Less drastic changes in farm
management practices may also reduce emissions. In an animal-free scenario, White & Hall assume
that crop residues and processing waste would be burned, but organic wastes are much more likely to
be composted or otherwise utilized as a soil amendment. Composting residues would build up soil
organic matter, improving crop yields long term and serving as a large carbon sink. Conversion of more
cropland to organic agriculture or other ecologically sound farming practices could further improve soil
carbon and reduce pollution (Pimentel et al., 2005; Tuomisto et al., 2012).
White & Hall also do not account for changes to range and pasture lands. Without cattle, these 400
million acres could be used for second-generation biofuel crops, renewable electricity, conservation, or
developed for uses that would achieve other environmental and economic goals. There are several
categories of pasture and rangeland, some of which may also be usable cropland (Nickerson et al.,
2011). Restoring native prairie would boost biodiversity and soil carbon sequestration. Producing
second-generation biofuels from native North American grasses like switchgrass and prairie cordgrass
would offset petroleum use, improving energy security and reducing system-wide greenhouse gas
emissions (Dale et al., 2010). White & Hall consider none of these fairly obvious and likely outcomes,
3
4

5

Nebraska, Minnesota, Iowa, Illinois, and Indiana, each of which contributes more than 5% of total US corn production.
The Conservation Reserve Program (CRP) and other land-sparing programs compensate farmers for taking erosion-prone farmland,
stream buffers, or critical wildlife habitat out of production, but cannot compete with heavily subsidized commodity feed crops
(USDA, 2017; Secchi et al., 2009).
Calculated based on USDA cropland data, agricultural emissions data from White & Hall, soil carbon data from Liebig et al., 2008,
and life-cycle analysis of switchgrass ethanol from Wang et al., 2012.
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choosing instead to imagine a world in which nothing at all happens with hundreds of millions of acres
of land that are freed up by a shift away from farm animal production and consumption.

Nutrition
As noted, White & Hall assume that Americans will consume feed corn rather than more nutritious and
palatable alternatives. Other prominent scientists also object to this faulty “feedlot diet for Americans”
(Springmann et al., 2018). Even so, White & Hall find that the plants-only agriculture system would
yield more food, including more protein and fiber, than is currently produced in the United States. 6
This finding is consistent with other studies (Behrens et al., 2017; Peters et al., 2016). However, the
authors conclude that the food produced by the plants-only system would meet “fewer of the US
population’s requirements for essential nutrients” (p. 1), in direct contradiction to the overwhelming
consensus of nutritionists, doctors, and scientific evidence, which the 2015 Dietary Guidelines Advisory
Committee summarized in its finding that “plant-based diets would promote health” (USDA, 2015).
White & Hall ignore the overwhelming weight of the evidence and science on plant-based diets, use
the wrong metrics to project population-level nutrition needs, and cherry-pick the nutrients they
model to ignore several nutrients of public health concern while focusing instead on relatively
unimportant nutrients.
A) White & Hall ignore the overwhelming evidence that plant-based diets promote health, and
overestimate nutrition requirements.
What makes White & Hall’s nutritional conclusion so surprising is that it is inconsistent with the
scientific consensus that a shift toward plant-based diets would improve health. That finding is
supported by many studies, including a 2016 study also published in PNAS, the Academy of Nutrition
and Dietetics’ position paper on plant-based diets, and, as the authors themselves state, the findings of
the 2015 Dietary Guidelines Advisory Committee (DGAC) (Melina et al., 2016; Springmann et al., 2016;
USDA, 2015). Importantly, the Academy’s work represents a complete scientific review, as does the
recommendation of the DGAC. Not only does the Academy conclude that plant-based diets are
appropriate for all stages of life, but also that plant-based diets reduce risk of certain health conditions,
including “ischemic heart disease, type 2 diabetes, hypertension, certain types of cancer, and obesity”
(Melina et al., 2016). Notably, heart disease and cancer are the top two causes of death in the United
States, and obesity and diabetes are at epidemic levels.
Calcium and vitamin A are the only nutrients of public health concern that the authors project to be low
under the plants-only system that are not already low in the present system. However, plant-based foods
rich in both calcium and vitamin A are commonly consumed by vegetarians and vegans. Fortified orange
juice and soy milk are both rich in calcium,7 and red and orange vegetables, whole grains, and fortified soy
milk are rich in vitamin A (USDHS and USDA, 2015). Moreover, vitamin A deficiency is rare in the United
States, so focus on this deficiency while ignoring epidemics like obesity and diabetes is unjustifiable.
Additionally, it is impossible to know from White & Hall’s study whether a plant-based agricultural
system would provide sufficient quantities of calcium and vitamin A, because White & Hall do not
model a plant-based agricultural system—but rather an animal-based agricultural system where
humans are assumed to eat the feed crops we currently grow for livestock. Nonetheless, even in the
odd world that finds humans consuming unpalatable feed crops, White & Hall’s approach is still wrong.

6

7

On p. 3, White & Hall state that “Removal of farmed animals from the US agricultural system resulted in a 23% increase in total
amount of food available exclusive of current exports (Fig. 3). Grain comprised the majority of the increase, of which corn grain
accounted for 77%....” Figure 2 shows that the plants-only system would produce more than twice the protein as the present
system does, including sufficient quantities of all amino acids White & Hall evaluated, and more than three times the fiber.
The Dietary Guidelines for Americans list these as two of the top four “Food Sources Ranked by Amounts of Calcium.” They are
also the lowest in calories among the top ten sources.
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They project that the plants-only system would be deficient in these nutrients by modeling the amount
of these nutrients that the plants-only system would yield and then comparing it to the Recommended
Dietary Allowances (RDA) for the U.S. population by age and sex (table S11). The problem with this
approach is that the RDAs are inappropriate for this kind of model. 8 In fact, the authoritative body that
sets RDAs—the Institute of Medicine—explicitly warns, “do not use [RDAs] to assess intakes of groups”
(IOM, 2000). Using RDAs to estimate the needs of a group is inappropriate because they are intended
to be used as goals for individual intake and thus overestimate population-level dietary requirements.
The “best measure of population adequacy of nutrient intake,” according to both the IOM and the very
document White & Hall cite for the required levels, is the Estimated Average Requirement (EAR), which
is the level required to meet the median requirement for healthy individuals (because some people
need more and some need less) (USDA, 2015).
The difference between the EARs and RDAs for calcium are 200 mg, with the EARs approximately 15-25%
lower (depending on age and sex), with a similar difference for vitamin A.9 In Figure 2, White & Hall show
their plants-only system as supplying most of the population level requirements for both calcium and vitamin
A. Correcting their analysis by applying the EAR for calcium results in the plants-based system producing 3.72
× 108 human requirement years (HRYs)–more than enough to supply the US population. Applying the EAR for
vitamin A reduces the deficiency of the plant-based system by a factor of 4, from 36% to 9% (a 9% deficiency
could be eliminated by the average American consuming one small slice of sweet potato a day).10 Using the
correct dietary requirements could also have a much larger effect on the least-cost model White & Hall use
as the basis of their conclusions about animal-containing and plant-based diets (such as in Figure 4). Because
that model drops any requirement for nutrients that cannot be met at 100% of the RDAs,11 using the EARs
could result in more nutrient-rich foods being selected, and more nutritional requirements being met, across
all diets.
B) White & Hall ignore nutrients of public health concern to focus on relatively unimportant
nutrients.
White & Hall conclude that the plant-based system they model would underproduce six nutrients,
compared to four in the present system, leading them to warn that the removal of animals from
agriculture would result in “diets that are nonviable in the long or short term to support the nutritional
needs of the US population without nutrient supplementation” (p. 6). They do not explain why these
six nutrients are more important than the four nutrients deficient in the current system nor do they
lament the deficiencies in the present system.
Not all nutrients are of equal importance, of course. Excessive intake of saturated fat has a significant
impact on disease patterns, and ample evidence exists to draw a correlation between plant-based diets
and reduced consumption of saturated fat (Melina et al., 2016). Similarly, excessive sodium intake is
associated with cardiovascular disease, the number-one killer in the United States, and it is possible
that plant-based diets could be lower in sodium than diets emphasizing animal products (CDC, 2017;
Melina et al., 2016). However, rather than model whether the plants-only system would reduce
production of the excess nutrients that drive disease patterns in America, White & Hall decided to
ignore saturated fat and sodium altogether.
On the other hand, one of the nutrients low under the plant-based agriculture projection is a fatty acid
8

See Table S11, citing USDA/HHS ref. 26, which is the 2010 Dietary Guidelines for Americans. The calcium and vitamin A
requirements that Table S11 reproduces are from Appendix 5 (p. 76) of the Dietary Guidelines, which states that they are taken
from the RDA.
9 Compare White & Hall Table S11 to the EARs (IOM, 2011). For vitamin A, the difference is 90-275 mcg, approximately 40% less.
10 Corrected assessments for calcium and vitamin A were calculated based on the age and sex distribution of the American
population (White & Hall table S12), the EARs for calcium and vitamin A (IOM, 2011), the retinol activity equivalent (RAE) content
of common foods (NIH, 2016), and the total U.S. population.
11 In the model description on page 7, White & Hall state that “When a nutrient requirement could not be met, that specific nutrient
was removed as a constraint and the diet was rerun.”
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called arachidonic acid, which is needed only by infants under 6 months, who get it from breastmilk
(where it is plentiful) and fortified infant formulas, not the food supply (FAO and WHO, 2008; see also
White & Hall table S10). Others have no reference level in United States due to a lack of data, such as
DHA and EPA fatty acids. In fact, because our understanding of the body’s need for DHA and EPA is not
based on a sufficiently authoritative statement, the FDA prohibits label claims that certain foods are
“high in” or an “excellent source” of those fatty acids (FDA, 2014).
C) White & Hall’s conclusions are based on the presumption that production systems determine
what people eat—which they concede is erroneous.
White & Hall’s nutritional analysis is also flawed because they rely on production as a proxy for
consumption. Based on agricultural production data, they draw the widely reported conclusion that
removing animals from agriculture would “create a food supply incapable of supporting the US
population’s nutritional requirements” (abstract). Yet just two pages later they concede that “total
domestic nutrient supply does not adequately describe the impact of changes in an agricultural system
on the adequacy of diets for meeting a population’s nutrient requirements” (p. 3), undermining the
credibility of their nutritional analysis.
To be clear, food production cannot be used as proxy for consumption patterns. 12 White & Hall’s
model of the current food supply demonstrates how weak the correlation between production and
consumption really is. While figure 2 shows that fiber and potassium are abundant in the current food
supply, the reality is that both of these nutrients are under-consumed to such an extent that they are
considered nutrients of public health concern (USDHS and USDA, 2015); in fact, the average American
consumes just 15 g of fiber a day, which is 60% of the recommendation for women and well under half
the recommendation for men, and 97% of Americans take in less fiber than recommended (Moshfegh
et al., 2005). Unsurprisingly, people who consume primarily plants generally meet the recommended
daily intake for fiber (Rizzo et al., 2013). Had White & Hall based their analysis on actual consumption
data, they would have had to report that current consumption patterns do not adequately meet the
population’s nutrient requirements and that shifting diets to include more plant-based foods, such as
vegetables, fruits, and whole grains, would improve the population’s nutrition. 13
Of course, one cannot eat that which is not grown, and indeed, the American food supply has
historically produced inadequate quantities of vegetables and fruit and excessive quantities of
saturated fat, sodium, and calories from solid fats (such as beef fat and butter). In 2010, researchers
warned that supplies of dark-green and orange vegetables, legumes, and whole grains were “entirely
insufficient” to meet the population’s nutrition requirements (Krebs-Smith et al., 2010). A shift to
plant-based agriculture would provide an opportunity to address these shortcomings, rather than
continuing to grow feed crops for livestock.

Conclusion
White & Hall make unrealistic assumptions about American dietary choices and land use. By keeping
crop production static, they neglect market pressures that would transform farmland in the US in the
absence of animals. As many other studies have shown, American cropland can provide vastly more
food, renewable energy, and environmental benefits when farmers produce food for humans rather
than livestock. These benefits are multiplied when we consider the ability of food exports to offset the
costs of food production and deforestation abroad.

12

The American food supply produced 4,000 calories a day per capita in 2010, the latest year for which data are available (USDA,
2014), whereas consumption averaged 2,481 that year (DeSilver, 2016). While the USDA has historically monitored nutrients in
food production, the purpose has primarily been to examine trends of nutrient availability over time, rather than to monitor
intake (Gerrior et al. 2004).
13 Indeed, this was the conclusion of the Dietary Guidelines for Americans, which advised Americans to eat more of these foods (and
dairy) to increase intake of nutrients of public health concern.
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Additionally, the authors’ diet-building model biases consumption toward unpalatable, nutrient-poor
feed grains. The inconsistent focus on individual nutrients and incorrect application of population-level
nutrition guidelines amplify the bias in the authors’ model. White & Hall underestimate both
production and consumption of fruits, vegetables, and legumes, thereby misrepresenting the potential
for a plant-based system to improve global health. Readers interested in the environmental and
nutrition effects of a transition to plant-based food systems should review some of the many betterdesigned studies, which have found that reducing or eliminating the production of animal products can
simultaneously achieve health and environmental goals (Behrens et al., 2017; Peters et al., 2016;
Springmann et al., 2016).
An accurate assessment of micronutrient availability in the absence of animal agriculture would help
policymakers simultaneously advance nutrition and environmental goals. Such a study would have to
be built on realistic land use scenarios, accurate dietary modeling, and the best available data. White &
Hall’s analysis does not meet these standards. By assuming that Americans would eat feed crops in the
absence of livestock, the authors built their flawed dietary model on a baseless land use scenario. They
oversimplify America’s complex food system and ignore the crucial influence of markets and land use
change on nutrition and the environmental impacts of agriculture. As a result, White & Hall exaggerate
the importance of livestock to American diets.

GFI.ORG Creating a healthy, humane, and sustainable food supply.

7

References
Balagtas, J. V., B. Krissoff, L. Lei and B. J. Rickard (2013). "How Has U.S. Farm Policy Influenced Fruit and
Vegetable Production?" Applied Economic Perspectives and Policy 36(2): 265-286.
Behrens, P., J. C. Kiefte-de Jong, T. Bosker, J. F. D. Rodrigues, A. de Koning and A. Tukker (2017).
"Evaluating the environmental impacts of dietary recommendations." Proc Natl Acad Sci U S A.
CDC (2017). Top 10 Sources of Sodium. https://www.cdc.gov/salt/sources.htm. Accessed January 12,
2018.
Dale, B. E., B. D. Bals, S. Kim and P. Eranki (2010). "Biofuels Done Right: Land Efficient Animal Feeds
Enable Large Environmental and Energy Benefits." Environmental Science & Technology 44(22): 83858389.
DeSilver, D. (2016). “What’s on your table? How America’s diet has changed over the decades.” Pew
Research Center. http://www.pewresearch.org/fact-tank/2016/12/13/whats-on-your-table-how-americasdiet-has-changed-over-the-decades/. Accessed January 29, 2018
FAO and WHO (2008). Interim Summary of Conclusions and Dietary Recommendations on Total Fat &
Fatty Acids. Joint FAO/WHO Expert Consultation on Fats and Fatty Acids in Human Nutrition, Geneva,
World Health Organization.
FDA (2014). “Food Labeling: Nutrient Content Claims; Alpha-Linolenic Acid, Eicosapentaenoic Acid, and
Docosahexaenoic Acid Omega-3 Fatty Acids," 79 Fed. Reg. 23,262 (April 28, 2014).
Gerrior, S., L. Bente and H. Hiza (2004). Nutrient Content of the U.S. Food Supply, 1909-2000. Washington,
DC, U.S. Department of Agriculture, Center for Nutrition Policy and Promotion.
IOM (2000). Dietary Reference Intakes: Applications in Dietary Assessment. Washington, DC: The National
Academies Press. http://www.nap.edu/openbook.php?record_id=9956&page=R1. Accessed January 10,
2018.
IOM (2011). Dietary Reference Intakes (DRIs): Estimated Average Requirements.
http://www.nationalacademies.org/hmd/~/media/Files/Activity%20Files/Nutrition/DRITables/1_%20EARs.pdf?la=en. Accessed December 26, 2017.
Krebs-Smith, S. M., J. Reedy and C. Bosire (2010). "Healthfulness of the U.S. food supply: little
improvement despite decades of dietary guidance." Am J Prev Med 38(5): 472-477.
Lal, R. (2004). "Soil carbon sequestration impacts on global climate change and food security." Science
304(5677): 1623-1627.
Liebig, M. A., M. R. Schmer, K. P. Vogel and R. B. Mitchell (2008). "Soil Carbon Storage by Switchgrass
Grown for Bioenergy." BioEnergy Research 1(3-4): 215-222.
Long, C. M., R. L. Muenich, M. M. Kalcic and D. Scavia (2018). "Use of manure nutrients from
concentrated animal feeding operations." Journal of Great Lakes Research. In press.
Meehan, T. D., B. P. Werling, D. A. Landis and C. Gratton (2011). "Agricultural landscape simplification
and insecticide use in the Midwestern United States." Proc Natl Acad Sci U S A 108(28): 11500-11505.
Melina, V., W. Craig and S. Levin (2016). "Position of the Academy of Nutrition and Dietetics:
vegetarian diets." Journal of the Academy of Nutrition and Dietetics 116(12): 1970-1980.
Moshfegh, A., J. Goldman and L. Cleveland (2005). What We Eat in America: NHANES 2001-2002: Usual

GFI.ORG Creating a healthy, humane, and sustainable food supply.

8

nutrient intakes from food compared to dietary reference intakes. Washington, D.C., U.S. Department
of Agriculture, Agricultural Research Service.
Nickerson, C., R. Ebel, A. Borchers and F. Carriazo (2011). Major Uses of Land in the United States,
2007. Economic Information Bulletin. Washington, D.C., U.S. Department of Agriculture, Economic
Research Service: 57.
NIH (2016). Vitamin A Fact Sheet for Health Professionals. https://ods.od.nih.gov/factsheets/VitaminAHealthProfessional/. Accessed January 22, 2018.
NOAA (2000). Hypoxia in the Gulf of Mexico: Progress towards the completion of an Integrated
Assessment. https://oceanservice.noaa.gov/products/pubs_hypox.html. Accessed January 9, 2018.
Peters, C. J., J. Picardy, A. F. Darrouzet-Nardi, J. L. Wilkins, T. S. Griffin and G. W. Fick (2016). "Carrying
capacity of U.S. agricultural land: Ten diet scenarios." Elementa: Science of the Anthropocene 4:
000116.
Pimentel, D., P. Hepperly, J. Hanson, D. Douds and R. Seidel (2005). "Environmental, Energetic, and
Economic Comparisons of Organic and Conventional Farming Systems." BioScience 55(7): 573.
Rabalais, N. N., R. E. Turner and D. Scavia (2002). "Beyond Science into Policy: Gulf of Mexico Hypoxia
and the Mississippi River: Nutrient policy development for the Mississippi River watershed reflects the
accumulated scientific evidence that the increase in nitrogen loading is the primary factor in the
worsening of hypoxia in the northern Gulf of Mexico." BioScience 52(2): 129.
Rabotyagov, S. S., C. L. Kling, P. W. Gassman, N. N. Rabalais and R. E. Turner (2014). "The Economics of
Dead Zones: Causes, Impacts, Policy Challenges, and a Model of the Gulf of Mexico Hypoxic Zone."
Review of Environmental Economics and Policy 8(1): 58-79.
Rizzo, N. S., K. Jaceldo-Siegl, J. Sabate and G. E. Fraser (2013). "Nutrient profiles of vegetarian and
nonvegetarian dietary patterns." J Acad Nutr Diet 113(12): 1610-1619.
Rockstrom, J., W. Steffen, K. Noone, A. Persson, F. S. I. Chapin, E. Lambin, T. M. Lenton, M. Scheffer, C.
Folke, H. J. Schellnhuber, B. Nykvist, C. A. de Wit, T. Hughes, S. van der Leeuw, H. Rodhe, S. Sorlin, P. K.
Snyder, R. Costanza, U. Svedin, M. Falkenmark, L. Karlberg, R. W. Corell, V. J. Fabry, J. Hansen, B.
Walker, D. Liverman, K. Richardson, P. Crutzen and J. Foley (2009). "A safe operating space for
humanity." Nature 461: 472-475.
Secchi, S., P. W. Gassman, J. R. Williams and B. A. Babcock (2009). "Corn-based ethanol production and
environmental quality: a case of Iowa and the conservation reserve program." Environ Manage 44(4):
732-744.
Springmann, M., H. C. Godfray, M. Rayner and P. Scarborough (2016). "Analysis and valuation of the
health and climate change cobenefits of dietary change." Proc Natl Acad Sci U S A 113(15): 4146-4151.
Springmann, M., M. Clark and W. Willett (2018). “Feedlot diet for Americans that results from a
misspecified optimization algorithm.” Proc Natl Acad Sci U S A 115(8): E1704-E1705.
Stewart, W. M., D. W. Dibb, A. E. Johnston and T. J. Smyth (2005). "The Contribution of Commercial
Fertilizer Nutrients to Food Production." Agronomy Journal 97(1).
Tuomisto, H. L., I. D. Hodge, P. Riordan and D. W. Macdonald (2012). "Does organic farming reduce
environmental impacts?--a meta-analysis of European research." J Environ Manage 112: 309-320.
USDA (2014). Nutrient Content of the U.S. Food Supply, 1909-2010.
https://www.cnpp.usda.gov/USFoodSupply-1909-2010. Accessed January 29, 2018.

GFI.ORG Creating a healthy, humane, and sustainable food supply.

9

USDA (2015). Scientific Report of the 2015 Dietary Guidelines Advisory Committee. United States
Department of Agriculture. Washington, DC.
USDA (2017). Conservation Reserve Program Statistics. https://www.fsa.usda.gov/programs-andservices/conservation-programs/reports-and-statistics/conservation-reserve-program-statistics/index.
Accessed January 9, 2018
USDA (2018). USDA Farmers Market Directory. https://www.ams.usda.gov/local-fooddirectories/farmersmarkets. Accessed January 9, 2018.
USDA ERS (2017). Commodity Consumption by Population Characteristics.
https://www.ers.usda.gov/data-products/commodity-consumption-by-population-characteristics.aspx.
Accessed January 9, 2018.
USDA NASS (2018). NASS Quick Stats. https://www.nass.usda.gov/Quick_Stats/. Accessed January 9,
2018.
USDHS and USDA (2015). 2015-2020 Dietary Guidelines for Americans. 8th Edition.
http://health.gov/dietaryguidelines/2015/guidelines/. Accessed January 22, 2018.
USEPA (2017). Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2015.
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2015.
Accessed January 9, 2018.
Wang, M., J. Han, J. B. Dunn, H. Cai and A. Elgowainy (2012). "Well-to-wheels energy use and
greenhouse gas emissions of ethanol from corn, sugarcane, and cellulosic biomass for US use."
Environmental Research Letters 7(4): 045905.
White, R. R. and M. B. Hall (2017). "Nutritional and greenhouse gas impacts of removing animals from
US agriculture." Proc Natl Acad Sci U S A 114(48): E10301-E10308.

GFI.ORG Creating a healthy, humane, and sustainable food supply.

10

ABOUT THE GOOD FOOD INSTITUTE
The Good Food Institute is a 501(c)(3) nonprofit organization dedicated to creating a healthy, humane,
and sustainable food supply. GFI’s team of scientists, entrepreneurs, lawyers, and lobbyists are laser
focused on using markets and food innovation to transform our food system away from industrial
animal agriculture and toward plant-based and clean meat alternatives. To learn more, please visit
GFI.org.
ABOUT THE AUTHORS
Isaac Emery, Ph.D.
Senior Environmental Scientist, The Good Food Institute
isaace@gfi.org
Isaac at LinkedIn
At GFI, Isaac studies the significant environmental and human health impacts of industrial animal
agriculture and evaluates the reduced impact of plant-based and clean meat. He holds a B.A. in
biochemistry, biophysics, and molecular biology from Whitman College and a Ph.D. in agricultural and
biological engineering from Purdue University. Isaac has more than a decade of research experience in
biomedical science and life cycle assessment of energy and agricultural systems. As a multidisciplinary
scientist, he has a passion for discovering and communicating the most effective and efficient ways to
reduce the adverse impacts of our diets.
Jessica Almy, J.D.
Director of Policy, The Good Food Institute
jessicaa@gfi.org
Jessica at LinkedIn
Jessica oversees GFI’s work to create a better future of food through regulatory and statutory
reform in Washington. She came to The Good Food Institute from the Center for Science in the
Public Interest, where she served as Deputy Director of Nutrition Policy. Before working for CSPI,
she worked for the D.C.-based law firm Meyer Glitzenstein & Crystal. She holds a J.D. from New York
University School of Law and an M.S. in Animals and Public Policy from Tufts University. She is a
member of the bar in New York and Washington, D.C.

GFI.ORG Creating a healthy, humane, and sustainable food supply.

11

