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Abstract 

Climate change is one of the biggest threats to humanity and the planet. Greenhouse gas (GHG) 

emissions need to be substantially reduced, and quickly, to limit global warming to 1.5 degrees 

Celsius, as was pledged in the Paris Agreement (IPCC 2022). However, current emissions 

reporting structures fail to report a large piece of GHG emissions data, consumption-based 

emissions, especially from food. Food production, specifically animal agriculture, is a leading 

cause of global GHG emissions, deforestation, and resource consumption. Proper emissions 

reporting is necessary if we are to quantify these consumption-based emissions and reduce our 

carbon footprint adequately. This white paper details the current emissions reporting structure in 

New York City and showcases a detailed estimate of the city's dietary GHG emissions with further 

analysis of emissions reduction potential from transitioning to a vegan diet. Dietary emissions 

factors from previous research were utilized along with current New York City population data 

and dietary patterns to quantify and analyze New York City's dietary emissions. The results 

indicate that converting the entire New York City population to a vegan diet would reduce the 

city's annual, consumption-based dietary GHG emissions by 54%. To encourage dietary shifts to 

more plant-based foods increased education and awareness, conscious consumerism, agricultural 

reform, and policy initiatives will be needed. 

 

Primary Reader and Advisor: Dr. Scot Miller 

Secondary Reader: Dr. Daniel Zachary 
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Purpose 

The global urban population is rapidly growing, and, without conscious consumerism, 

overconsumption will continue to significantly decrease our chances of limiting global warming 

to a habitable level. This research aims to provide an in-depth evaluation of New York City’s 

consumption-based GHG emissions and evaluate the impacts of a complete, citywide shift toward 

plant-based food consumption. The goal of the research is to answer this question: could an entire 

city significantly reduce its carbon footprint and fight injustices by strictly consuming plants? This 

white paper will explore the current GHG emissions reporting structure in New York City (NYC) 

and how emissions could be underestimated by regulating government bodies, and associated 

GHG emissions reporting structures, without an in-depth, consumption-based approach. NYC’s 

population growth and food consumption patterns will be detailed from available data and 

evaluated alongside a consumption-based GHG emissions reporting strategy. It is presumed that 

shifting a population to strictly consuming a plant-based, vegan diet would significantly reduce 

that population’s carbon footprint. This white paper will evaluate the level at which NYC could 

reduce its GHG emissions by going vegan. Further focus will be given to the justice implications 

around eating plants versus the animal agriculture industry. 
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Background 

Environmental impact of meat consumption 

“Human influence on the Earth’s climate has become unequivocal” (Begum et al. 2022). Climate 

change is an ever-increasing threat to the health of the planet and its inhabitants, and according to 

the Intergovernmental Panel on Climate Change (IPCC), humans are to blame. 

 

By 2050 the global, human population is expected to reach almost 10 billion, about two billion 

more than today’s world (Roser 2019); 10 billion people that will require constant resources that 

the planet can no longer sustain. Compounding this resource insecurity are the nearly 

unpredictable, extreme, destructive climate events that are to come. 

 

According to the World Bank (2020), by 2050, almost 70% of the global population will be 

concentrated in cities. With the nearly insurmountable challenge of mitigating and adapting to 

climate change, densely populated urban cities will need to be at the forefront of proactive climate 

action. Government officials will likely focus on energy consumption as cities set goals for carbon 

neutrality. However, further emphasis will need to be placed on general, individual consumption, 

specifically food consumption. According to C40 Cities and C40 Knowledge (2019), 13% of GHG 

emissions from cities are attributed to food consumption, and 75% of those emissions are attributed 

to animal-based food products. 

 

According to Climate Nexus (2016), animal agriculture is responsible for almost half of all annual 

methane and nitrous oxide emissions globally. Furthermore, Twine (2021) found that the animal 

agriculture industry accounts for at least 16.5% of all GHG emissions globally. The main culprits 

behind this number are methane emissions from enteric fermentation in ruminant livestock, nitrous 
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oxide emissions from fertilizer use, and deforestation (Twine 2021; Climate Nexus 2016). Animal 

agriculture is a top cause of deforestation, contributing to biodiversity loss as well as carbon 

emissions and removal of natural carbon sinks. Approximately 136 million acres of rainforest have 

been razed for livestock production (Frandsen 2020). GHG emissions for different types of food 

products are shown in Figure 1, with significantly less emissions seen with plant-based food 

sources (Ritchie and Roser 2021). 

 

 

Figure 1: GHG emissions, in carbon dioxide equivalent (CO2eq), per kilogram (kg) of food 

product (Ritchie and Roser 2021). 

 

Compounding these numbers are the inefficiencies of meat production. Globally, meat and dairy 

supply approximately “18% of calories consumed but use 83% of global farmland and are 

responsible for 60% of agriculture’s greenhouse gas emissions” (UNFCCC 2021). Animal 

agriculture utilizes large areas of global land to inefficiently convert feed, which could be directly 

fed to humans, into meat products. On average, it takes 10 feed calories to produce one calorie of 

meat (Cassidy et al. 2013); beef, which is on the higher end, requires approximately 25 kilograms 

of feed to produce one kilogram of meat, as shown in Figure 2 (Ritchie et al., 2019). According to 
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the United Nations Environment Programme (UNEP 2021), agricultural GHG emissions 

reductions will be very difficult to achieve without a global or regional shift in diet. 

 

 

Figure 2: Feed required to produce one kilogram of meat or dairy product (Ritchie et al. 

2019). 

 

Alongside the alarming GHG emissions from animal agriculture, this industry is also a large 

contributor to resource consumption and pollution. With approximately 70 billion animals raised 

every year for meat consumption, a significant amount of water, land, and food resources are 

allocated to their growth; approximately one third of Earth’s ice-free land is utilized for raising 

livestock (Climate Nexus 2016). Globally, agriculture is responsible for approximately 92% of 

anthropogenic freshwater use, and one-third of that is used for animal products (Gerbens-Leenes 

et al. 2013). Between feed crops and raising livestock, animal agriculture utilizes over half of the 

United States’ freshwater resources, including surface water bodies (e.g., lakes and rivers) and 

groundwater sources (i.e., aquifers) (Jacobson 2006). 
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While animal agriculture utilizes substantial amounts of land and water resources, the same 

industry significantly pollutes land and water resources. Typical animal agriculture practices 

involve concentrated animal feeding operations, or CAFOs, in which large quantities of livestock 

are concentrated within small areas. These operations produce 13 times more solid waste per year 

than the human equivalent (Burkholder et al. 2007). This waste is either spread across fields or 

stored in man-made lagoons, of which both practices are vulnerable to runoff and leakage into 

nearby environments and associated water resources. This waste runoff can include heavy nutrient 

loads, harmful pathogens, antibiotics and other pharmaceuticals, toxic heavy metals, and animal 

hormones and other excretions. This leads to resource contamination, including drinking water, as 

well as harmful algal blooms in nearby waterways; so apart from the direct, human 

overconsumption of aquatic animals, CAFOs further deplete aquatic life through runoff of toxic 

chemicals and heavy nutrient loads. Additionally, beyond water, air pollution from ammonia 

produced by livestock is increasing and significantly impacting air quality (Bauer et al. 2016). 

 

For this paper, the focus will be on the significant GHG emissions from animal agriculture; 

however, some attention will be paid to environmental and human health impacts. To put the 

severity and significance of animal agriculture in perspective as it relates to GHG emissions, 

replacing animal products with plant-based products over a period of 15 years has the potential of 

a 68% reduction in carbon dioxide emissions by 2100 and could attain half of the emissions 

reductions required for complying with the Paris Agreement goals (Eisen and Brown 2022). 
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GHG Emissions Reporting: Production vs. Consumption 

GHG emissions sources are generally sectioned into three categories, or scopes; Scope 1 emissions 

involve GHGs emitted directly by the user (e.g., power plants, vehicles, boilers, and on-site 

landfills), Scope 2 emissions involve the indirect emissions associated with the generation of 

purchased electricity, heating, and cooling, and Scope 3 essentially encompasses everything else 

(C40 Cities et al. 2018). Scope 3 emissions are those generated outside of a user’s location (e.g., 

GHG emissions associated with purchased goods and food consumption). In general, Scope 1 and 

2 are associated with production-based GHG emissions and Scope 3 is associated with 

consumption-based emissions. 

 

However, properly allocating global GHG emissions to the entities responsible can be difficult 

when considering Scopes 1, 2, and 3. For example, Scope 3 emissions for one entity may be the 

Scope 1 or 2 emissions of another, since Scope 3 emissions involve those associated with goods 

or services purchased by an entity but not produced by that entity. In this case, it may not be 

accurate to report both consumption-based and production-based emissions within a global 

reporting platform. However, for an urban city, adding consumption-based GHG emissions 

reporting to a likely production-only GHG emissions reporting structure could add great value to 

fully encompass a city’s carbon footprint. For this white paper, consumption-based GHG 

emissions reporting will be the focus. 

 

In general, a total consumption-based GHG emissions reporting structure involves the evaluation 

of GHG emissions at the downstream, consumption end of product lifecycles compared to the 

upstream, production side. In other words, consumption-based GHG emissions reporting 
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“allocates GHG emissions to the final consumers of those goods and services, rather than to the 

original producers of those GHG emissions” and can be quantified within a city as “consumption 

= production – export + import” as illustrated in Figure 3 (C40 Cities et al. 2018). Most cities 

currently only report Scope 1 and 2 emissions largely due to the lack of guidance and data 

resources for adequate Scope 3 reporting. However, C40 Cities et al. (2018) found that the 

consumption-based GHG emissions total was higher than the production-based total in 80% of the 

cities studied, and one of the main contributors to the large consumption-based emissions numbers 

is food consumption, as depicted on Figure 4. 

 

 

Figure 3: Consumption-based emissions versus production- or 

sector-based emissions (C40 Cities et al. 2018). 
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Figure 4: Consumption-based emissions for various food sources. For specific regions, 

meat and dairy products account for a large percentage of per capita emissions (C40 Cities 

et al. 2018). 

 

Why NYC? 

NYC is the most densely populated city in the United States at approximately 8.9 million residents 

(World Population Review 2022). NYC is also a progressive space with a constant push for 

positive change and innovation throughout the five boroughs. The city is home to over 1,400 

vegan-friendly restaurants and is at the forefront of plant-powered lifestyles (Song and Krader 

2022). However, NYC is only ranked the 30th most vegan- and vegetarian-friendly city in the 

United States, so there is a lot of room to grow (McCann 2022). 

 

NYC Mayor Eric Adams has been advancing several government programs to improve 

accessibility to, and prevalence of, vegan food options. Mayor Adams has introduced Plant-

Powered Fridays into public schools, Plant-Based Lifestyle Medicine Clinics in public hospitals 

across the city, and most recently established plant-based meals as the default lunch and dinner 

option in NYC Health + Hospitals (H+H)/Lincoln, Metropolitan, and Woodhull Hospitals (City of 

New York 2022). More progress is needed, but NYC is showing a strong path toward positive food 

reform using the power of plants. 
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NYC's GHG Emissions Reporting 

Currently, NYC reports its GHG emissions through two datasets, citywide emissions and city 

government emissions (NYC Office of Climate and Environmental Justice 2022). The citywide 

GHG emissions inventory “consists of all direct and indirect GHG emissions from stationary 

energy, transportation, and waste” and is calculated using the Global Protocol for Cities (GPC) 

and the Global Covenant of Mayors for Climate and Energy (GCoM). The city government GHG 

emissions inventory consists of emissions from city-owned operations, facilities, and sources and 

places where the city government has authority to implement and reform operations, health and 

safety, and environmental policies; these emissions are calculated using the Local Government 

Operations Protocol (LGOP). To clarify further, emissions from stationary energy (e.g., buildings 

and fugitive emissions), transportation, and waste (i.e., wastewater and solid waste) are only 

accounted for when sourced from within city boundaries (City of New York 2020). 

 

The GPC is a standardized platform for calculating and reporting urban GHG emissions, from both 

the production and consumption sides (Fong et al. 2021). However, this is a guidance document, 

not legal policy, and so all GPC protocols are not always followed nor are all consumption-based 

emissions accounted for. Furthermore, the GPC methodology is sector-based and does not include 

consumption-based emissions from goods and products developed outside of the city boundaries, 

which could account for a large increase in a city’s GHG emissions inventory (C40 Cities et al. 

2018). The GCoM is a global initiative linking city leaders to support the push for GHG emissions 

reporting and reduction (GCoM 2022). 
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Lastly, the LGOP is “a standardized set of guidelines to assist local governments in quantifying 

and reporting GHG emissions associated with their government operations” (Tornek et al. 2010). 

However, even though GHG emissions protocols have been improving, Leahy (2018) reports that 

cities may be underestimating their emissions by 60% by not adding individual, resource 

consumption to the reporting calculations; regulatory enforcement and data availability likely 

remain inadequate for cities to fully quantify Scope 3 emissions. NYC is no exception, as their 

2020 citywide GHG emissions inventory mainly consisted of energy and fuel used for 

transportation and stationary structures, or buildings, as well as fugitive methane emissions from 

landfills and other waste systems, as illustrated on Figures 5 and 6 (City of New York 2020). 

However, the report fails to account for consumption-based emissions, thus potentially 

underestimating NYC’s carbon footprint. According to the report, NYC’s 2020 GHG emissions 

totaled approximately 48,444,035 metric tons of CO2eq (MtCO2eq). According to the estimation 

by Leahy (2018), accounting for consumption-based GHG emissions could have increased NYC’s 

2020 GHG emissions number to 77,510,456 MtCO2eq. 
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Figure 5: NYC's production-based GHG emissions by sector from 2005-2020 (City of New 

York 2020). 

 

 

Figure 6: NYC's production-based GHG emissions by source from 2005-2020 (City of 

New York 2020). 
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NYC's Food Consumption Patterns 

Throughout its five boroughs, NYC is home to approximately 42,000 food-related businesses (The 

City of New York 2020). Every year, about 19 billion pounds of food are brought through NYC, 

equivalent to more than 2,000 pounds per NYC resident, and NYC’s households spend about 13% 

of their budget on food, with almost 40% of that spending on meals away from home (US Bureau 

of Labor Statistics 2021). Regarding NYC’s eating habits, many residents reportedly do not 

consume enough plants. NYC residents are worse than the national average in fruits and vegetables 

consumed per day; only 10% of NYC adults eat five or more servings (Li et al. 2016). However, 

Li et al. (2016) found significant fruit and vegetable consumption variations based on borough and 

neighborhood. Areas of higher income were associated with more consumption of fruits and 

vegetables, compared to lower income areas, due to multiple factors including healthy food 

availability and cost of healthier food items. According to NYC public data, up to 24% of NYC 

residents in lower income areas reported not eating any fruits or vegetables the day prior, compared 

to nearly zero percent in wealthier neighborhoods (Measure of America 2021). Similarly, meat 

consumption appears to follow the opposite pattern. Brandt et al. (2022) found that areas with more 

poverty had higher meat consumption, with young males consuming the most meat. Furthermore, 

while Brandt et al. (2022) states their meat consumption results may be underestimated due to their 

methodology, on average NYC residents reportedly eat red meat 1.4 times per week, poultry 3.5 

times per week, and fish or shellfish 1.0 times per week. Additionally, NYC residents reportedly 

eat fresh fruit times per week and vegetables 5.0 times per week. 
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Meat Consumption Patterns 

Currently, there is a lack of data specific to meat consumption patterns in NYC. However, globally, 

and nationally, meat consumption has and continues to increase, with beef, poultry, pig, and fish 

the dominant meat sources (Ritchie et al. 2019). Within the US, meat consumption reportedly 

doubled within almost a century (1909-2007) with red meat contributing a large portion (i.e., 58%) 

of overall meat consumption, specifically with men (Daniel et al. 2011). Globally, meat 

consumption has risen steadily over the years, specifically in the developed world (e.g., United 

States, China, and Europe), increasing more than four times since 1961, with Asia contributing the 

largest percentage (i.e., 40-45%) of total, global meat production (Ritchie et al. 2019). However, 

during the mid-1900s, the US and Europe were the main producers of meat, together responsible 

for approximately 67% of global meat production, but by 2013 this number had dropped to a 

combined 34% with Asia exponentially growing. Although, this did not translate to a decline in 

US and Europe meat production; during Asia’s rising dominance in global meat production, meat 

production in European doubled, and more than doubled in the US. Since 1961, Asia’s meat 

production has increased by 15 times, as shown in Figure 7. 

 

Today, animal products supply 40% of the protein, almost 20% of the calories, and almost half of 

the fat for global, human food consumption (Eisen and Brown 2022). This number is likely to 

increase, as animal product demand is estimated to increase by approximately 70% by 2050, 

requiring millions of more square kilometers of land for livestock production. 

 

Globally, in 2018, 69 billion chickens, 1.5 billion pigs, 656 million turkeys, 574 million sheep, 

479 million goats, and 302 million cattle were slaughtered for meat production (Ritchie et al. 
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2019). Aside from inhumane practices, the land and resources required for this global meat 

consumption cannot be sustained for a habitable future. 

 

 

Figure 7: Meat production patterns for the US, Europe, Asia, and the World from 1961 

to 2020 (Ritchie et al. 2019). 

 

On an individual level, per capita global meat consumption has increased by approximately 45 

pounds since 1961, largely attributed to economic growth; wealthier countries have a higher supply 

of meat, as depicted in Figure 8 (Ritchie et al. 2019). Current data from the United States 

Department of Agriculture (USDA 2022) estimates that Americans consume approximately 225 

pounds of meat annually, almost three times higher than the global average of 77 pounds per year 

per person based on data from the Organisation for Economic Co-operation and Development 

(OECD 2021). 
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Figure 8: Average annual meat supply per person in kilograms in 2017 (Ritchie et al. 2019) 

 

Global variations in meat consumption are largely influenced by wealth and the associated access 

to meat products. San and Combris (2015) found a positive correlation between Gross Domestic 

Product (GDP) and meat consumption. However, there are additional factors influencing these 

data, such as cultural and religious practices. For example, meat consumption in India is relatively 

low, translating to approximately 10% of daily calorie intake mainly due to cultural and religious 

influence. Similarly, although of relatively opposite intake levels, San and Combris (2015) 

identified an increase in meat consumption for Catholics, likely related to traditional food 

consumption associated with the religion and culture. Nevertheless, the main influencing factor 

for the growth of meat consumption globally is increasing income and GDP and the associated 

urbanization. 

 

However, with the increasing public awareness of the negative impacts of meat consumption, 

environmentally and ethically, the push for sustainable, plant-based diets is becoming stronger, 

with growing public attention in urban areas. 14 global cities, although not yet including NYC, 
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signed the C40 Good Food Cities Declaration, thereby pledging to achieve the C40 Planetary 

Health Diet. This diet significantly limits a person’s weekly consumption of meat and dairy in the 

effort to reduce local and regional environmental impacts (C40 Cities Climate Leadership Group 

2019). Nevertheless, the continuing efforts for a shift to more plant-based food consumption will 

remain challenging as global meat consumption continues to rise along with constant government 

subsidies. Globally, in 2017, disregarding crops grown for livestock feed and dairy production, 

meat products were supported with over USD$51 billion in government subsidies (Springmann 

and Freund 2022). In the United States alone, approximately USD$38 billion in government 

subsidies are given to the meat and dairy industries every year, compared to the less than 1% of 

that amount allocated to fruit and vegetable production (Sewell 2020). In order to effectively push 

for a transition towards more sustainable, plant-based diets, subsidy reform will be required to 

transition consumer spending toward more fruits and vegetables. 

 

GHG Emissions Per Diet 

Consumption-based GHG emissions reporting is a powerful and important tool, and accounting 

for excessive emissions from meat consumption cannot be left out of emissions reporting 

structures. To understand the relative GHG emissions per person relative to meat consumption 

patterns, Scarborough et al. (2014) analyzed 55,504 participants, ages 20 to 79, and their dietary 

choices. Six dietary labels were used: high meat eater, medium meat eater, low meat eater, fish 

eater (i.e., pescatarian), vegetarian, and vegan; of the 55,504 participants, 29,589 were meat-eaters, 

8,123 were pescatarians, 15,751 were vegetarians, and 2,041 were vegans. Utilizing current and 

former food-related GHG emissions data, focusing on the raw ingredients, along with scaled diets 

standardized to 2,000 kilocalories (kcal) per day, Scarborough et al. estimated the daily GHG 
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emissions of each of the six dietary categories; the resulting emissions factors are based on a 100-

year global warming potential. 

 

At a per capita level, Scarborough et al. (2014) found that high meat eaters emit approximately 

7.19 kilograms of CO2eq (kgCO2eq) dietary emissions per day, medium meat eaters emit 

approximately 5.63 kgCO2eq per day, low meat eaters emit approximately 4.67 kgCO2eq per day, 

pescatarians emit approximately 3.91 kgCO2eq per day, and vegetarians emit approximately 3.81 

kgCO2eq per day. Comparatively, vegans were found to emit approximately 2.89 kgCO2eq per 

day, about half that of the average meat eater and 2.5 times lower than the high meat eaters. 

Unfortunately, most consumers, specifically in developed worlds that have adopted the western 

diet, likely fall within the high meat eater category; fortunately, this means there is a lot of room 

for individual, daily GHG emissions reductions. Consequently, transitioning from a high meat 

eating diet to a vegan diet would reduce that individual’s total carbon footprint by approximately 

1,560 kgCO2eq per year (Scarborough et al. 2014), roughly equivalent to the GHG emissions 

associated with flying direct from Los Angeles to New York City and back to Los Angeles three 

times (Baumeister 2017). 

 

NYC-Specific Data Analysis 

Using the dietary emissions data provided by Scarborough et al. (2014) along with updated United 

States dietary patterns, NYC’s dietary emissions will be estimated. According to YouGov 

(Frankovic 2020), 3% of the United States population follows a pescatarian diet, and according to 

Statista (2022), 5% follow a vegetarian diet and 2% follow a vegan diet. Furthermore, 

approximately 10% of the United States population identify as following a flexitarian, or low meat, 

diet (Frankovic 2020). This assumes the remaining 80% of the United States population follows a 



23 

medium to high meat consumption diet. If we generalize this data alongside the estimated, current 

NYC population of 8.9 million, we get 7.12 million medium to high meat eaters, 890,000 low meat 

eaters, 267,000 pescatarians, 445,000 vegetarians, and 178,000 vegans currently living in the five 

boroughs; refer to the Limitations & Challenges section for a discussion of uncertainties. These 

numbers will be multiplied by the corresponding daily dietary emissions factors determined by 

Scarborough et al. (2014) to estimate and analyze the dietary, consumption emissions from NYC 

residents; these data will then be manipulated to evaluate the impacts of various dietary shifts. 
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Results 

Using the dietary emissions factors from Scarborough et al. (2014), and assuming a 20:80 split 

between the medium and high meat eating populations based on United States trends, we can 

estimate NYC’s consumption-based dietary emissions using the following equation: 

 

(5,696,000 x 7.19) + (1,424,000 x 5.63) + (890,000 x 4.67) + (267,000 x 3.91) + (445,000 x 3.81) 

+ (178,000 x 2.89) = 56,381,500 kgCO2eq per day = 20.58 million metric tons of CO2eq 

(MMtCO2eq) per year. 

 

Thus, for the business-as-usual (BAU) scenario, NYC emits approximately 20.58 MMtCO2eq per 

year solely from food consumption; the individual dietary emissions impacts are illustrated in 

Figure 9. 

 

 

Figure 9: Annual dietary GHG emissions per NYC resident (MMtCO2eq) 

 

As previously mentioned, NYC’s 2020 production-based GHG emissions inventory totaled 

approximately 48.44 MMtCO2eq (City of New York 2020). When combined with the dietary 
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emissions, we can estimate total GHG emissions of almost 70 MMtCO2eq per year. This is not far 

from the estimation previously detailed using consumption-based emissions reporting results from 

Leahy (2018), which indicated that the GHG emissions of global cities may be 60% higher than 

currently reported when accounting for consumption-based emissions. 

 

Comparatively, we estimate the dietary emissions reduction totals if the vegan population were to 

increase to 20%, 50%, and 100% of the NYC population, and then by category. If we increase the 

vegan population to 20% by converting high meat consumers to a vegan diet, we would see the 

following dietary emissions total: 

 

(4,094,000 x 7.19) + (1,424,000 x 5.63) + (890,000 x 4.67) + (267,000 x 3.91) + (445,000 x 3.81) 

+ (1,780,000 x 2.89) = 49,492,900 kgCO2eq per day = 18.06 MMtCO2eq per year. This is 

equivalent to a reduction of 2.52 MMtCO2eq per year, or approximately 12%, compared to BAU. 

 

Increasing the vegan population to 50% by converting high meat consumers to a vegan diet would 

give us the following: 

 

(1,424,000 x 7.19) + (1,424,000 x 5.63) + (890,000 x 4.67) + (267,000 x 3.91) + (445,000 x 3.81) 

+ (4,450,000 x 2.89) = 38,011,900 kgCO2eq per day = 13.87 MMtCO2eq per year. This is 

equivalent to a reduction of 6.71 MMtCO2eq per year, or approximately 33%, compared to BAU. 

 

Converting the entire NYC population to a vegan diet would give us 8.9 million residents 

multiplied by the daily emissions factor of 2.89 kgCO2eq, equaling 25,721,000 kgCO2eq per day 
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or 9.39 MMtCO2eq per year. This is equivalent to a reduction of 11.19 MMtCO2eq per year, or 

approximately 54%, compared to BAU, as illustrated in Figure 10. 

 

Evaluating categorical impacts, we estimate the annual dietary emissions reductions of converting 

each of the high meat, medium meat, low meat, pescatarian, and vegetarian diets to a vegan diet. 

Comparatively, we look at the individual, total annual dietary emissions if the NYC population 

were 100% high meat, medium meat, low meat, pescatarian, or vegetarian. 

 

Converting the entire high meat eating population in NYC to a vegan diet results in the following: 

 

(1,424,000 x 5.63) + (890,000 x 4.67) + (267,000 x 3.91) + (445,000 x 3.81) + (5,874,000 x 2.89) 

= 31,888,700 kgCO2eq per day = 11.64 MMtCO2eq per year. This is equivalent to a reduction of 

8.94 MMtCO2eq per year, or approximately 43%, compared to BAU. 

 

Converting the entire medium meat eating population in NYC to a vegan diet results in the 

following: 

 

(5,696,000 x 7.19) + (890,000 x 4.67) + (267,000 x 3.91) + (445,000 x 3.81) + (1,602,000 x 2.89) 

= 52,479,740 kgCO2eq per day = 19.16 MMtCO2eq per year. This is equivalent to a reduction of 

1.42 MMtCO2eq per year, or approximately 7%, compared to BAU. 

 

Converting the entire low meat eating, or flexitarian, population in NYC to a vegan diet results in 

the following: 
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(5,696,000 x 7.19) + (1,424,000 x 5.63) + (267,000 x 3.91) + (445,000 x 3.81) + (1,068,000 x 

2.89) = 54,797,300 kgCO2eq per day = 20.00 MMtCO2eq per year. This is equivalent to a reduction 

of 0.58 MMtCO2eq per year, or approximately 3%, compared to BAU. 

 

Converting the entire pescatarian population in NYC to a vegan diet results in the following: 

 

(5,696,000 x 7.19) + (1,424,000 x 5.63) + (890,000 x 4.67) + (445,000 x 3.81) + (445,000 x 2.89) 

= 56,109,160 kgCO2eq per day = 20.48 MMtCO2eq per year. This is equivalent to a reduction of 

0.10 MMtCO2eq per year, or approximately 0.5%, compared to BAU. 

 

Converting the entire vegetarian population in NYC to a vegan diet results in the following: 

 

(5,696,000 x 7.19) + (1,424,000 x 5.63) + (890,000 x 4.67) + (267,000 x 3.91) + (623,000 x 2.89) 

= 55,972,100 kgCO2eq per day = 20.43 MMtCO2eq per year. This is equivalent to a reduction of 

0.15 MMtCO2eq per year, or approximately 0.7%, compared to BAU. 

 

If NYC’s population were entirely categorized as high meat eating, the resulting annual, dietary 

GHG emissions would be (8.9 million x 7.19 x 365) / 1,000 = 23.36 MMtCO2eq per year, 

approximately 13.5% more than BAU. An entire medium meat eating NYC population would 

result in (8.9 million x 5.63 x 365) / 1,000 = 18.29 MMtCO2eq per year, approximately 11% less 

than BAU. A solely flexitarian NYC population would result in (8.9 million x 4.67 x 365) / 1,000 

= 15.17 MMtCO2eq per year, approximately 26% less than BAU. A fully pescatarian NYC 
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population would result in (8.9 million x 3.91 x 365) / 1,000 = 12.70 MMtCO2eq per year, 

approximately 38% less than BAU. Finally, a solely vegetarian NYC population would result in 

(8.9 million x 3.81 x 365) / 1,000 = 12.38 MMtCO2eq per year, approximately 40% less than BAU. 

 

Lastly, converting the entire medium and high meat eating population in NYC to a vegan diet 

would result in the following: 

 

(890,000 x 4.67) + (267,000 x 3.91) + (445,000 x 3.81) + (7,298,000 x 2.89) = 27,986,940 

kgCO2eq per day = 10.22 MMtCO2eq per year. This is equivalent to a reduction of 10.36 

MMtCO2eq per year, or approximately 50%, compared to BAU. 

 

 

Figure 10: Annual dietary GHG emissions by scenario (MMtCO2eq); assumes conversion 

to vegan diet from high meat eating diet. 
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Solution 

Eat More Plants 

When considering consumption-based emissions reporting for NYC’s GHG emissions inventory, 

specifically accounting for Scope 3 emissions, food consumption is estimated at 20.58 MMtCO2eq 

per year, almost half the GHG emissions as the 2020 total, citywide production-based GHG 

emissions inventory. Approximately 87% of NYC’s dietary emissions come from medium to high 

meat eating diets; data uncertainties are detailed in the Limitations & Challenges section. 

Converting the entire medium and high meat eating population in NYC to a vegan diet would halve 

the city’s annual dietary emissions. To reduce NYC’s consumptive GHG emissions, residents need 

to eat more plants. 

 

The medium and high meat eating groups should be the main focus. The analytical results detailed 

in the previous section showcase a significantly greater reduction of GHG emissions when 

converting the medium and high meat eating population to a vegan diet compared to converting 

the flexitarian, pescatarian, and vegetarian populations to a vegan diet. This is both due to 

comparatively higher meat eating populations as well as the significant increase in daily dietary 

GHG emissions for meat eaters compared to a more plant-based diet. When converting only the 

medium and high meat eating populations to a vegan diet, we see a 50% reduction in annual, 

dietary GHG emissions. Comparatively, adding the conversion of flexitarian, pescatarian, and 

vegetarian diets to a vegan diet only adds a 4% reduction in GHG emissions, totaling a 54% 

reduction. Emphasis should be placed on the need to reduce the meat consumption of the medium 

to high meat eating groups. The resultant 50% reduction in annual, dietary GHG emissions from 

full conversion of medium and high meat eating diets to a vegan diet would be equivalent to taking 
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almost two million passenger cars off the road for one year (USEPA 2005). However, full dietary 

conversion is not realistic. There needs to be greater awareness of the environmental impacts of 

meat consumption to facilitate a gradual shift toward plant-based diets. As showcased in the 

previous section, although a full conversion to a vegan diet exhibits the greatest GHG emissions 

reduction, even a full population shift toward a solely low meat eating, or flexitarian, NYC 

population would decrease annual, dietary GHG emissions by 26%. 

 

A realistic approach to reducing NYC’s overall dietary, GHG emissions would simply be to reduce 

the overall meat consumption; however, increased education and awareness of the relationship 

between meat consumption and individual carbon footprint are warranted. Adding consumption-

based GHG emissions inventory to NYC’s emissions reporting structure could be an effective 

method to showcase the environmental impact of food consumption. Currently, NYC is both 

greatly underestimating its citywide GHG emissions as well as missing an opportunity to 

significantly reduce those emissions by not including consumption-based emissions in their 

reporting methodology, specifically food consumption. 
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Emissions Impacts 

NYC GHG Emissions Reduction Targets 

If global-scale BAU emissions continue, NYC is expected to see a potential rise of 6.6 degrees 

Fahrenheit, 13% increase in precipitation, and 30-inch rise in sea level by 2050, with a significant 

increase in the frequency of heat waves, intense precipitation events, and flooding (The City of 

New York 2019). To align with the Paris Agreement targets, NYC has committed to specific GHG 

emissions reduction goals with 2030 and 2050 deadlines. According to the 2019 NYC Local Law 

Number 97, NYC’s Local Law Number 66 was amended to increase citywide emissions targets to 

40% GHG emissions reduction by 2030 (40 by 30) and 80% GHG emissions reduction by 2050 

(80 by 50), relative to 2005 emissions levels (New York City Council 2019). However, according 

to OneNYC 2050, a 2019 report completed by The City of New York, NYC is striving for 100% 

carbon neutrality by 2050. 

 

However, NYC’s current emissions goals are mainly limited to production-based GHG emissions. 

When considering consumption-based GHG emissions reporting, NYC cannot reach carbon 

neutrality without significant changes in food consumption patterns. Additionally, the 40 by 30 

goal can be surpassed with dietary shifts, which would also result in a more achievable 2050 goal. 

Shifting medium and high meat eating diets in NYC to a strictly vegan diet would reduce current 

consumption-based, dietary emissions by 50%. 
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Other Impacts 

Justice Implications 

The animal agriculture industry negatively and unfairly impacts human lives, specifically those at 

and around the husbandry stage of industrial animal agriculture. These negative impacts are 

localized and involve significant health and environmental hazards, leading to evident injustices. 

These injustices are directly related to factory farming and the associated CAFOs (Wilson et al. 

2002; Ladd and Edward 2002). CAFOs house a large population of animals in a small area, and 

therefore produce a large amount of waste; as previously stated, CAFOs in the United States 

produce 13 times more solid waste per year than human sanitary waste (Burkholder et al. 2007). 

This waste is sprayed onto nearby fields and stored at the facilities and can contaminate local air 

and water. CAFOs are documented sources of contaminants such as volatile organic compounds 

(VOCs), ammonia, and harmful pathogens, which can impact surrounding areas, directly 

increasing health concerns (Ladd and Edward 2002). 

 

An unfairly large percentage of populations surrounding CAFOs commonly consists of Black, 

Hispanic, American Indian, and low-income communities, as evident in North Carolina 

(Kravchenko et al. 2018) and Mississippi (Wilson et al. 2002). These communities near CAFOs 

have shown a disproportionately higher risk of disease, including respiratory illness, anemia, and 

kidney disease, and a lower life expectancy due to the associated air and water contamination from 

animal wastes (Kravchenko et al. 2018; Wilson et al. 2002). Additionally, specifically in North 

Carolina, Kravchenko et al. (2018) found higher infant mortality rates for those living in areas with 

over 215 factory pigs per square kilometer, along with a relative decrease in access to healthcare 

providers. 
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Chamanara et al. (2021) concluded similar findings with the beef industry in California. They 

found that beef CAFOs are associated with “pollution hotspots” where the surrounding 

communities exhibit higher poverty and decreased health. The San Joaquin Valley is home to many 

cattle CAFOs, which contribute to their chronic air pollution that exceeds state and national 

averages and thresholds. Chamanara et al. (2021) illustrates the increased exposure of air pollution 

as the distance from a surrounding CAFO decreases. The poor air quality in the San Joaquin 

Valley, directly attributed to industrial animal farming, is responsible for approximately 1,300 

premature deaths annually for those living in this region. These communities are predominantly 

Latinx and low-income; communities adjacent these CAFOs exhibit 25% increased poverty rates 

compared to more distant areas. 

 

Similar health concerns and related inequities are showcased with chicken CAFOs in Maryland 

(Hall et al. 2021) and Delaware (Galarraga et al. 2021), with negative health impacts 

disproportionately burdening low-income communities. CAFOs and the factory farming industry 

are a large, yet lesser known, cause of environmental injustices and further research and advocacy 

are needed to increase awareness and encourage equitable actions. 

 

Health Implications 

Numerous negative health impacts are associated with meat consumption, and conversely 

numerous health benefits are associated with plant-based, vegan diets. The International Agency 

for Research on Cancer (IARC) officially classified red meat as a Group 2A carcinogen, 

acknowledging it as “probably carcinogenic to humans,” and processed meat as a Group 1 
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carcinogen, which signifies a confirmed human carcinogen (World Health Organization 2015). 

Processed meat is therefore in the same carcinogenic category as alcohol and cigarettes (American 

Cancer Society 2022). Long-term meat consumption is associated with a significant increase in 

health risks, including all-cause mortality, cardiovascular disease, cancer, and diabetes (Richi et 

al. 2015). Additional health risks from meat consumption include antibiotic resistance due to the 

significant use of antibiotics in factory farming (Bonnet et al. 2020). 

 

Contrarily, adopting a plant-based, vegan diet is “associated with a lower risk of all-cause and 

cardiovascular disease mortality” (Kim et al. 2018). More specifically, reducing meat consumption 

to a more plant-based diet can reduce the risk of death from coronary heart disease by 24% and 

death from cardiovascular disease by 20% (Satija and Hu 2018). Satija and Hu (2018) also detail 

the anti-inflammatory properties of a plant-based, vegan diet as well as its ability to lower blood 

pressure and prevent type 2 diabetes; following a vegan diet showcased a reduction in type 2 

diabetes risk between 16% and 34% (Satija et al. 2016). 

 

According to the World Health Organization, the number of cancer deaths could be significantly 

reduced through early detection systems along with a combination of other preventative measures, 

including shifting to a more plant-based diet (World Health Organization 2022). Similarly, Dinu 

et al. (2017) found a 15% reduction in total cancer risk when following a vegan diet. Furthermore, 

following a diet rich in fruits and vegetables is associated with a 20% reduced risk of cognitive 

impairment and dementia (Jiang et al. 2017). According to Tuso et al. (2013), a group of certified 

medical professionals, “physicians should consider recommending a plant-based diet to all their 

patients.” Springmann et al. (2018) projected that, in 2020, 2.4 million deaths, globally, would be 
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attributed to red meat and processed meat and associated with approximately UD$285 billion in 

healthcare costs. Springmann et al. (2016) further estimates that, in 2050, a global adoption of a 

vegan diet would prevent 8.1 million deaths per year and save up to USD$1.4 trillion in health-

related costs annually. Shifting to a plant-based, vegan diet can improve human and planetary 

health while reducing healthcare costs; NYC residents can improve their health and save money 

by eating more plants. 

 

Land and Water Savings 

The immense land and water usage associated with animal agriculture was briefly detailed in the 

Background section. More specifically, adopting a vegan diet could reduce land use by 75% 

(Ritchie 2021) and water use by 75% (Goldstein et al. 2017). 

 

If the entire global population adopted the average diet of the United States, all habitable land on 

Earth would need to be converted to agricultural land, which would still not be enough (Ritchie 

2017). A global shift from BAU to a vegan diet would reduce agricultural land use from 10 billion 

acres to 2.5 billion acres, a land savings equivalent to the size of North America and Brazil 

combined (Ritchie 2021). According to Rabè et al. (2020), on average, vegan diets require 

approximately 0.00095 acres of land per day, while meat eaters require approximately 0.0027 acres 

of land per day, almost three times that of a vegan diet. Therefore, if the 7.12 million medium to 

high meat eaters in NYC adopted a vegan diet, the associated diet-related land use would be 

reduced by approximately 12,460 acres per day, or 4.5 million acres per year, about equivalent to 

the land mass of New Jersey (US Census Bureau 2013). 
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On average, a vegan diet is associated with approximately 600 gallons of water consumption per 

day per person, while a standard American, or western, diet is associated with approximately 1,000 

gallons per day per person (Vettori et al. 2021). Therefore, if the 7.12 million medium to high meat 

eaters in NYC adopted a vegan diet, the associated diet-related water footprint would be reduced 

by approximately 2.85 billion gallons of water per day, which could fill over 4,300 Olympic sized 

swimming pools (Moak 2022). 
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Limitations & Challenges 

Boundary of Data 

Dietary emissions factors require extensive life cycle assessment (LCA) calculations of individual 

food sources, which are inevitably associated with various levels of uncertainty. The analytical 

results presented in this report are based on the dietary emissions data published by Scarborough 

et al. (2014), which consider specific dietary groups easily comparable to the NYC population. 

Additional sources of emissions factors were not considered during the analysis but could be 

incorporated into future research utilizing the methodology described in this paper. Therefore, the 

integrity of the results presented herein is limited to the validity of the results published by 

Scarborough et al. (2014). Additionally, the data presented by Scarborough et al. (2014) are 

representative of food consumption patterns and emissions factors within the United Kingdom. 

Dietary emissions factors may differ between countries due to varying agricultural practices and 

associated emissions. Furthermore, due to a lack of NYC-specific data, diet choice percentages 

within NYC are a projection of national data and thus do not represent a direct survey of NYC 

residents. The validity of the corresponding dietary emissions totals is therefore limited by the 

applicability of national data to the NYC population. Further data boundaries are a result of 

projecting average national and global data onto the NYC population. Nevertheless, the results of 

this report are valuable and significant and illustrate the potential health and environmental impacts 

of transitioning NYC to a vegan diet. 

 

Production vs. Consumption Reporting 

Production-based GHG emissions reporting remains the most popular urban emissions reporting 

structure as this method is easier to quantify and showcases direct emissions. However, as 
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previously discussed, this reporting methodology lacks full coverage of a city’s emissions. 

Consumption-based reporting offers a technique to fully quantify all emissions associated with a 

population, including both direct emissions from production and indirect emissions from 

consumption. However, quantifying indirect, or Scope 3, emissions takes on similar difficulties 

and uncertainties as quantifying dietary emissions factors. The difficulty lies in the uncertainty of 

origin (i.e., source materials), manufacturing, and disposal methods throughout the life cycle of a 

consumer item; uncertainty may increase as the number of entities involved increases. Production-

based GHG emissions reporting can experience its own uncertainties, commonly due to 

discrepancies in fossil fuel use data (Rodrigues et al. 2018). The increased uncertainties with 

consumption-based GHG emissions reporting also lie in the strength of available data. 

Understanding each process of a consumer item, from cradle to grave (i.e., source material 

extraction to product disposal), presents difficulties due to lack of available data as well as the 

wide range of sources and processes within the supply chain and end use of a product. Due to these 

difficulties, Rodrigues et al. (2018) reported uncertainty levels for national consumption-based 

emissions reporting structures of 2% to 16%. As data sources increase in strength and availability, 

LCA calculations will continue to strengthen, and therefore consumption-based emissions can be 

better quantified. However, these calculations will continue to experience some uncertainties due 

to the high level of data required. 
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Further Actions 

Conscious Consumerism 

Looking to the future, a push for more plant-based food consumption is necessary to obtain 

sufficient GHG emissions reductions. Decreased meat consumption and increased plant-based 

food consumption can be achieved at an individual level through purchasing power. Increased 

awareness of the benefits of a vegan diet will hopefully increase conscious consumerism and thus 

more plant-based food consumption. Conscious consumerism, which is essentially the awareness 

of how individual consumption impacts social and environmental factors, is increasing in 

popularity as concern for, and awareness of, environmental issues have become more widespread 

(Brochado et al. 2017); reportedly, in 2017, the conscious consumer market had grown to a $300 

billion industry (Cohen and Muñoz 2017). When consciously purchasing products, it is important 

to understand the source of a consumer item, how it is made, and its impact on the environment 

and society throughout its lifecycle; increased LCA data can improve quantitative evidence of a 

product's impact on the environment. While reducing the purchasing of items can reduce an 

individual’s footprint, choosing products made with recycled materials or increasing vegan food 

consumption are two examples of conscious consumer purchasing. 

 

Policy Initiatives 

While conscious consumerism can be a powerful tool, policy reform will likely prove more 

efficient. A press release by C40 Cities, dated May 9, 2022, announced that, under Mayor Adams, 

NYC will sign the C40 Good Food Cities Declaration, committing to the C40 Planetary Health 

Diet by improving access to plant-based foods while reducing food waste. However, there are 

various additional policy initiatives that can support the shift toward increased consumption of 
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environmentally friendly, plant-based foods. These include carbon labeling, meat tax, subsidy 

reform, increased education, and increased public spending on vegan foods. 

 

Just as the organic food label signifies the lack of synthetic pesticides and genetically modified 

organisms, a carbon label indicates the carbon footprint, or resultant GHG emissions, from the 

cradle to gate or cradle to grave lifecycle of the labeled product. This labeling can inform 

consumers of their emissions impacts per item purchased. Carbon labeling has been implemented 

in various countries, including France, United Kingdom, United States, Germany, and more (Lie 

et al 2016). These carbon labeling systems mainly follow emissions reporting standards designed 

by private or government entities and are then implemented by individual corporations. 

Additionally, while France was the first country to implement a law that requires specific products 

to utilize carbon labels, most carbon labeling systems are voluntary. Some carbon labels indicate 

a numeric value representing the GHG emissions of the product; however, existing carbon labels 

in the United States, such as the Carbon Free Certified label and Climate Conscious Carbon label, 

only display an image without numeric emissions data. Nevertheless, individual companies have 

taken the initiative to add numeric emissions data labeling to their products. Companies such as 

the salad chain Just Salad, meat substitute company Quorn, and plant-based milk brand Oatly have 

implemented carbon labeling and carbon footprint calculators indicating the numerical emissions 

value for each of their consumer items (Kateman 2020). 

 

Carbon labeling, especially for food items, can be a powerful and effective tool for encouraging 

the purchasing of plant-based food products over animal-based ones. Betz et al. (2022) found a 

13.5% reduction in dietary GHG emissions when carbon labels were present, compared to the 
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absence of labels. However, significant obstacles for carbon label acceptance and efficacy remain. 

Increased prices associated with low emissions products, product availability, and the 

understanding and perceived validity of the carbon labels are large contributors to the potential 

deficiencies in carbon labeling (Leach et al. 2016). Carbon labeling relies on various emissions 

reporting and LCA guidance, which can vary significantly in methodology and accountability; this 

can lead to possible “green washing” schemes. The resultant uncertainty in the integrity of 

emissions data and associated carbon labeling can decrease reliance on, and acceptability of, the 

labeling and associated purchasing influence. This concern reestablishes the need for unified, 

national or global emissions reporting structures with enforcement and accountability. The use of 

carbon labeling on meat products can showcase the relative, significant impact of a consumer’s 

purchasing decisions on their carbon footprint with the hope of encouraging lower carbon footprint 

consumerism. 

 

Taxing meat products is another potential policy initiative that can increase prices of meat 

products, therefore lowering their consumption. The negative environmental impacts from meat 

production are undeniable; however, the meat industry is relatively unregulated, especially 

associated with its environmental footprint. Therefore, implementing a tax on meat, relative to its 

environmental footprint, is a potential solution to reducing meat consumption. Säll and Gren 

(2015) found that implementing a tax on meat and dairy consumption in Sweden resulted in 

emissions reductions of GHG, nitrogen, ammonia, and phosphorus from animal agriculture of 

12%, while Bähr (2015) estimated a 7% reduction in GHG emissions from a specified tax on meat. 

However, various obstacles are associated with this potential solution as well, including accurately 

calculating carbon emissions and its associated social cost of carbon and consumer and 
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government acceptance. Additionally, if the meat tax were country-specific, border carbon 

adjustments would be needed to avoid carbon leakage. There are also justice implications with a 

tax on meat products. As previously discussed, lower income communities in NYC typically 

consume more meat products compared to wealthier populations. The idea of a tax on meat is to 

reduce meat consumption; however, without a comparable reduction in price of healthier, plant-

based foods, taxing meat would be regressive in nature. Without a cheaper alternative, lower 

income populations would be unfairly burdened by meat taxation compared to wealthier 

populations that consume relatively less meat. 

 

Introducing taxation on meat products will require government policy implementation. However, 

as previously discussed, the United States and many other countries have monetary relationships 

with the meat industry with significant subsidies on meat products; these subsidies are 

comparatively miniscule for plant-based products. In order to fairly price food items in accordance 

with their environmental footprint, subsidy reform will be necessary to shift government funding 

from meat products to plant-based products. 

 

Another pathway for government action is increasing education and awareness of the 

environmental impacts of meat consumption and shifts to more plant-based food consumption. 

Similarly, government organizations can increase the purchasing of plant-based foods for public 

systems as seen with the city of Berkeley in California. Berkeley’s City Council aims to allocate 

50% of its government spending on food toward plant-based products by 2024, with the intent of 

100% vegan in public food spending in the future (Joe 2021). As previously discussed, NYC is 

increasing its purchasing and availability of plant-based food items in public systems and will 
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hopefully continue to increase these efforts. Education will lead to individual actions, and 

individual actions will lead to government actions; as Leeson (2016) said, “from knowing comes 

caring, from caring comes change.” There are a wide range of opportunities and solutions for 

reducing NYC’s GHG emissions through dietary shifts. Individual purchasing power is an 

immediate action New Yorkers can take to reducing daily emissions; however, the push for policy 

reform is necessary for widespread environmental action. 

 

As environmental activist Robert Swan said, "the greatest threat to our planet is the belief that 

someone else will save it" (Stevenson 2012). Take action now, eat more plants. 
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