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Abstract  

A major area of inquiry in food and agriculture is the challenge of feeding a growing population 

in a sustainable way. An intensive debate over global diets continues with recommendations that 

advocate for a shift towards a more heavily plant-based diet. Proponents of plant-based diets 

suggest that producing less livestock will result in lessening the impact of livestock production 

on the environment. The objective of this review is to summarize the impact of a shift to a plant-

based diet compared with current diets. Areas of inquiry include human nutrition and nutrient 

availability, human health and non-communicable diseases, the relationship between livestock 

health and human health, the impact on human livelihoods and global economies, and the effects 

on the climate. Finding the correct balance in daily diets has proven to be a difficult task, as 

nutritional needs and consumption vary due to difference in geographical locations, religious 

beliefs, individuals' health requirements, and activity level. The use of livestock today has a far 

greater impact than just providing a source of protein for human consumption. Livestock are a 

source of income for many families in the developing world and they provide diverse products 

and services for human use. Livestock production is often perceived to have a more negative 

impact on the climate than plant-based diets do; however, crop-focused agriculture comes with 

its environmental issues as well. It is important to acknowledge that both diets have positive and 

negative aspects with respect to issues of food and nutrition security, animal health, livelihoods, 

and the environment. 

 

Introduction  

The world’s population is expected to grow to 9.8 billion people by 2050, with much of the 

growth expected to be in the developing world (UN FAO, 2018). During this period, there will 

be a need for a 70% increase in food production, and a greater demand for animal source foods 

(FAO, 2009). This paper was structured using the Global Forum for Food and Agriculture 

framework domains of: (1) food and nutrition security, (2) health and animal welfare, (3) 

livelihoods and economic growth, and (4) climate and natural resource use. This structure guides 

the report to discuss sustainability through an intersectional lens. After performing an extensive 

literature review, the following questions were answered: First, what are the global implications 

of switching to a more plant-based diet? Second, what are the tradeoffs in each of the domains 

associated with a shift toward a more plant-based diet?  The objective of this review is to provide 

summary of the positive and negative effects a significant shift to a plant-based diet on the 

aforementioned four areas of focus: nutrition, livestock health, economics, and the environment.  

 

Food and Nutrition Security 

Overview  

The “concept of Food and Nutrition Security” has been used to better explain the intersection 

between adequate consumption and nutritional quality of food. Food and nutrition security can 

be defined as “when all individuals have physical, social and economic access to food have, 

which is consumed in sufficient quantity and quality to meet their dietary needs and food 

preferences, and is supported by an environment of adequate sanitation, health services and care, 



   
 

   
 

allowing for a healthy and active lifestyle” (UN, 2013). This definition recognizes that one can 

have access to adequate calories but not adequate nutrients. The issues of food security are 

multifactorial and exist in all levels of development but affect developing countries more. 

Achieving global food security aligns with SDG 2 – zero hunger- targets in “achieving food 

security, improving nutrition and promoting sustainable agriculture” (UN FAO, 2008). Although 

there had been a recent decline in malnutrition rates, there was an 11% increase in the global 

prevalence of undernourishment in 2016 (UN FAO, 2017). Generally, there are two types of 

food security: chronic food security and transitory food insecurity. Chronic food security is 

defined as a constant inability to have access to minimum food required primarily due to poverty 

(UN FAO, 2008). Transitory food security is an inability to access enough food due to food 

availability fluctuations, food prices and production losses. In addition to access, the foundation 

of food security encompasses utilization, availability and stability. It is important to consider the 

role of animal sourced foods from livestock and proposed sustainable diets in supporting or 

inhibiting the attainment of a food secure global population.  

The availability dimension addresses production, imports, and food aid to be able to supply 

adequate food to populations. Access expands on the ability to purchase, distribute and access 

food markets. In relation to the issue of access, the cost of animal source foods with respect to 

the cheapest staple food is much higher in poorer regions and is significant to intake. On the 

consumption side, when food prices increase, people tend to save money through their diet, and 

animal source foods are often the ones cut out first being the most expensive part of a diet 

(Schönfeldt and Hall, 2012). In higher income countries, meat, fish and fortified baby cereals 

cost 2, 4, and 5 times higher compared to with cheapest staple cereals per calorie, but in 

Southeast Asia it costs 6, 5, and 16 times higher than the cheapest available cereal per calorie 

(Headey, 2018). As it relates to access and utilization, animal source foods are more likely to be 

preserved because of the market value. Common methods of preserving animal source foods are 

curing, processing, freezing and fermentation. Plant-based foods must be processed in a manner 

that can be stored to increase shelf life, maintain palatability and avoid nutrient loss. The stability 

dimension focuses on climate, price fluctuation and economic factors on food security which will 

be addressed in subsequent sections.  

Because of the expected increase in global population, the intersection between adequate healthy 

diets and sustainability is more important than ever. In order to meet the Paris Climate 

Agreement’s commitment to, “limit the temperature increase to 1.5°C above pre-industrial 

levels,” many models have been proposed to ensure that the global population is fed without 

increasing strain on the environment (Harwatt, 2019). Recently, there has been a trend toward 

more plant-based diets fueled by dietary health concerns and the impact livestock has on the 

environment. The EAT-Lancet Commission proposed a greater than 50% reduction in the 

consumption of red meat and foods defined as unhealthy (Willett et al., 2019). Unhealthy foods 

were defined as diets containing highly processed high caloric foods and animal source foods. 

With sustainable intensification, 50% food waste reduction, and consuming healthy diets there 

could be a 48% decrease in total Greenhouse Gas (GHG) emissions (Bajzelj et al., 2014). The 

issue of plant-based diets and its implications is a complicated one; different groups have made 

different recommendations. This shift is one of the options proposed to solve the issue of 



   
 

   
 

achieving the targets of SDG 2: Zero Hunger. The available evidence suggests that there is risk 

associated with over consumption of animal source foods, but under consumption also poses a 

risk of malnutrition with specific focus on protein and some key micronutrients 

 

Obesity and Non-Communicable Diseases  

It is well understood that diet has an impact on human health. Countries have begun to push 

dietary guidelines that promote an increase in fruits and vegetables along with a reduction in 

processed meat, especially in Europe and North America. Americans consume an average 40% 

more meat, eggs and nuts than recommended, and regular meat eaters in the UK consume a third 

of their total energy from animal sources (USDA, 2018; Papier et al., 2019). Since 1975, there 

has been an increase in the prevalence of non-communicable diseases (NCDs) such as ischemic 

heart disease, diabetes, and colorectal cancer. (Afshin et al., 2019). Globally, there are more 

obese individuals than underweight, translating into 960 billion (13%) and 815 billion (11%), 

respectively; and 39% who are overweight (UN FAO, 2017). The global burden of obesity is 

rapidly increasing and associated with an increased risk for NCDs. The number of obese 

individuals has also increased significantly in the developing world, where governments are 

faced with the double burden of malnutrition and overweight. 

In the past decade, research and efforts have been made to lighten the burden of NCDs. Globally, 

in 2017, 11 million deaths were associated with dietary risks. Each year in the United Kingdom, 

more than 35% of total deaths (~200,000) are attributed to heart-related disease with another 

157,000 deaths due to various forms of cancer (Scarborough et al., 2011). The three leading risk 

factors for diet-related deaths were diets low in fruit, low in whole grains, and high in sodium 

(Afshin et al., 2019). Diets can be measured against what recent research has shown to be an 

acceptable nutrient balance per day to lower risk of mortality (the recommendations made by the 

Global Burden of Disease). The majority of the 195 countries surveyed failed to meet the 

recommendations, but far exceeded the recommendations for consumption of unhealthy foods 

(Afshin et al., 2019). The leading over consumed foods were processed meat at 90% above, 

sodium at 86% above, and red meat at 18% above the recommended optimal intake (Afshin et 

al., 2019). Overconsumption of red meat has also been associated with an increase in chronic 

disease risk but high consumption of red meat, trans fat, and processed meat were towards the 

bottom in ranking of dietary risk for death in many of the countries studied. The role of animal 

source foods, specifically livestock’s impact on health outcomes has been heavily debated. 

Because the etiology of NCDs is multifactorial, it would not be prudent to look at a singular 

factor. For example, some populations consuming a diet rich in phytochemicals from plant foods 

have lower incidences of associated health risks even though they had a moderate to high meat 

consumption (Provenza, 2019).  

 



   
 

   
 

 

Figure 1: Graph showing global mortality rates based on diet trends (Afshin et al., 2019) 

Research has shown that suboptimal diets are responsible for more deaths than any other global 

risk factors. It has been suggested that improving diets could potentially prevent one in five 

deaths. One idea that has been suggested to help improve human diets is to increase the price or 

tax unhealthy foods (Beaglehole et al., 2011). Daily diets have been improving across the globe 

though. The death rate from daily diets has seen a significant reduction from 406 deaths per 

100,000 population in 1990 to 275 deaths per 100,000 population in 2017 (Afshin et al., 2019).  

Generally, those in plant-based diets usually have healthier lifestyles and consume more fruits, 

vegetables, and exercise more than their omnivorous counterparts. Farmer et al (2011) reported 

that vegetarians were slimmer than conventional eaters and had higher magnesium, potassium, 

folate intake and less fat. Vegetarian diets are also associated with lower rates of obesity in 

children and adults (Sabate, 2010). A plant-based diet might be beneficial in reducing the 

incidence of metabolic disease in which overweight and obesity is a risk factor. 

Nutrient Intake  

Different stages of life require different levels of nutrition but the first 1,000 days from 

conception are the most critical time of development where adequate nutrition is essential. In 



   
 

   
 

evaluating the implications of a global shift to a plant-based diet, a focus will be placed on iron, 

zinc, calcium, vitamin D and vitamin B12 due to the global deficiency relevance and questions 

raised about its availability in a plant-based diet. Iron is necessary for cell function, especially in 

the brain, muscle, and blood (WHO, 2002). Iron is also a structural component of hemoglobin, 

which helps with the transport of oxygen in the body. Globally, 1.62 billion people, or 24.8% of 

the world’s population, are anemic and half of those instances of anemia are attributed to iron 

deficiency (de Benoist, 2008). Iron deficiency translates into a risk factor for maternal and 

perinatal mortality, cognitive impairment, and anemia (Stoltzfus, 2003, Sabaté, 2010). Heme 

iron, found abundantly in red meat along with non-heme iron, is the most bioavailable form of 

iron at 15-40% absorption compared to non-heme iron in plant sources with about 1-15% 

absorption (Hunt, 2003). It has been documented in studies done in developed countries that 

vegetarian and vegans have lower iron stores compared to non-vegetarians although there is no 

significant difference in iron deficiency among these groups (Hunt, 2003).  

Phytic acid, naturally found in whole grains, legumes, lentils, and nuts inhibits iron absorption 

resulting in a 1.8-times-higher iron recommendation for vegetarians and vegans (Gibson, 2018; 

Amit, 2010). The lack of a difference between the rates of iron deficiency among vegans, 

vegetarians and non-vegetarians in developed might be due to access to supplements and the 

variety of food available (Hunt, 2003). The rates though are still a problem. About 1 in 5 of 

women between 16-64 are iron deficient and 1 in 10 women between 16 and 49 are iron deficient 

(Zimmermann and Hurrel, 2007) in the UK are iron deficient. Supplementation with non-heme 

iron in the popular form of ferrous oxide can be used but is best for short-term relief rather than 

as part of the diet (Geissler, 2011). Iron supplements could promote oxidative stress from 

leftover iron in the gut (Tiwari, 2011). In developing countries lies the major burden of iron 

deficiency anemia due to limited food access and less food choices. Malnutrition is associated 

with limited food supply and overdependence on nutritionally-inadequate staple foods (Sanders, 

1999). Red meat provides a readily-absorbed source of iron that is nutritious and palatable to at-

risk populations.  

Zinc is essential for smooth pregnancies, child growth, immune function, and cognitive 

development (WHO, 2002). Deficiency can translate into stunting, cognitive dysfunction, skin 

disorders and compromised immune system because of the role zinc has in DNA synthesis 

(WHO, 2002). It is estimated that 17.8% of the world's population is at risk for zinc deficiency 

with the risk higher in South Asia and Sub-Saharan Africa (Wessels and Brown, 2012). Just like 

iron, zinc is more bioavailable in animal source foods because phytic acid also inhibits its 

absorption (Hunt, 2003). It is estimated that vegetarians may require as much as a 1.5 higher zinc 

intake than non-vegetarians (Hunt, 2003). In the US, more than half of the zinc intake comes 

from animal sources (Hunt, 2003). In assessing zinc absorption, a phytate-zinc ratio of 5-15 is 

recommended. Diets that source proteins primarily from animal sources have a phytate-zinc ratio 

of 5 and zinc absorption of 50-55% whereas diet that contain low consumption of animal source 

protein that has a phytate-zinc ratio of 15 or greater and 15% zinc absorption (Hunt, 2003). In a 

shift to a plant-based diet, the question of how much animal source proteins in collaboration will 

plant source foods will give the optimum level of absorbance. In a more plant based there is 

room for supplementation, consumption of plant source foods that have higher zinc content and 



   
 

   
 

consumption of fortified foods. Over-fortified calcium products though may reduce zinc 

absorption (Hunt, 2003). 

Other nutrients of interest are calcium and Vitamin D. Vitamin D is essential in the regulation of 

calcium and phosphorus necessary for bone mineralization and in immune function (Del Valle et 

al, 2011). During a stage of rapid development, it is essential to have adequate intake. A 

deficiency could lead to the weak bones, called rickets in children and osteomalacia in adults.   

Vitamin D is found naturally in eggs, fish, liver, and fortified dairy but can be derived from non-

dietary sources through the interaction between sunlight and the skin (Del Valle et al, 2011). 

Calcium is found in dairy products, green leafy vegetables, and fortified foods. In cooler 

countries above the 37th parallel of latitude, deficiency is a concern due less sunlight exposure. 

Vitamin D deficiency is associated with an increased prevalence of Multiple Sclerosis and 

increased the risk of osteoporosis (Mokry et al., 2015). In plant-based diets, vitamin D and 

calcium can be obtained from fortified foods or through supplement intake, but there can be 

barriers in the developing world due to low adherence, acceptability, access, and competent 

health workers (WHO, 2019). 

Vitamin A deficiency is a major deficiency and the leading cause of preventable blindness, 

especially in developing countries. As many as 250 million children (6 to 59 months of age) are 

deficient and 250-500 thousand develop blindness every year due to deficiency (WHO). Vitamin 

A in its active form is found in high amounts in the liver of animals and in fish. Pro vitamin A, a 

precursor, is found in dark green and orange vegetables. Vitamin A deficiency is associated with 

malnutrition and vice versa due to vitamin A’s role in sense flavor (Stevens et al, 2015). Vitamin 

A is a fat-soluble vitamin, low consumption of lipids can affect absorption of vitamin A even 

though adequate levels are consumed (Stevens et al, 2015). Both a plant based, and conventional 

diet can improve vitamin A status if adequate caloric intake is met.  

Vitamin B12 is also an essential nutrient that is only found naturally in animal sources (Zeuschner 

et al., 2013). Consuming plant-based diets is a risk for development of deficiency, along with 

lacking the intrinsic factor needed for metabolism (in older adults) (Zeuschner et al., 2013). In 

the Epic Cohort, 52% of vegans, 7% of vegetarians and 0.4% of omnivores were B12 deficient 

(Gilsing et al., 2012). If a stricter plant-based diet is followed, supplementation and consumption 

of fortified foods is key. Overall, the implications of plant-based diets to provide enough 

nutrients is complicated. As mentioned earlier in developed countries there is no significant 

difference in the rates of iron deficiency among vegan, vegetarian, and non-vegetarian groups, 

but on the other hand 40% of India is vegetarian and they have the highest rates of anemia in the 

world (Kaur, 2014). In at-risk populations, plant-based diets should be carefully monitored.  

 

Protein Quality 

Another target of achieving the SDG 2 –zero hunger - is “to achieve international targets on 

stunting and wasting in children under 5 and address the nutritional needs of pregnant women”. 

Proteins, constituting of amino acids, are critical components of structural and metabolic 

functions of tissues and are vital for growth and maintenance of human function. Protein can be 



   
 

   
 

obtained through animal and plant sources, but the former is generally of a higher quality 

because it contains all 9 essential amino acids in the adequate proportions per unit energy 

(Schönfeldt and Hall, 2012). Although only contributing to 17% of global calories, livestock 

provide 33% of the global protein supply (Rojas-Downing et al., 2017). Non-animal sources 

when complemented in the right way, can also provide all essential amino acids. The WHO 

recommends consumption of 0.8g protein/kg body weight to prevent deficiency (WHO, 2007). 

Protein consumption plays a critical role in the development of children during pre- and post-

natal growth periods. Consuming less protein than needed is a risk factor for developing protein 

energy malnutrition, stunting, and death. 1 in 4 of the world’s children still suffer from stunting 

(WHO, 2017). Stunting has been associated with low serum levels of essential amino acids 

(Semba et al., 2016). 

Regarding adequate protein intake, essential amino acid content, digestibility, and availability in 

the food supply must be taken into context. Currently, there are two widely accepted ways of 

assessing protein quality: The protein digestibility corrected amino acid score (PDCASS) and the 

Digestible Indispensable Amino Acid Score (DIASS). The PDCASS evaluates the quality of a 

single source of protein based on the amino acid content and digestibility. On a scale of 0-1, 

animal meats like beef have a score of about 0.9, compared to of 0.5-0.7 for most plant proteins 

(Williams, 2007). The protein from animal sources is also highly digestible (94%) compared to 

beans (78%) and whole wheat (86%) (Williams, 2007). The PDCASS is limited because it does 

not allow for combination as foods are not consumed in isolation. The DIASS considers the 

option for complementation but there is a limitation in the data available for all protein sources. 

In a plant-based diet, there is room for complementation to increase protein quality. For example, 

a corn-based breakfast cereal without milk had a DIAAS score of 0.012 but when combined with 

milk had a score of 1.07 (Rutherfurd et al., 2015). 

In developing countries, consumption of animal source foods was associated with lower rates of 

stunting, independent of other confounding variables including hygienic and sanitary factors 

(Kaimila et al. 2019). The role of having a diet that is more plant based but includes moderate 

meat consumption needs to be investigated more. The term “flexitarian” has become increasingly 

popular but there is no universal definition. Some of these definitions include: consuming dairy 

products, eggs, and red meat greater than 1 time a month but less than once a week; excluding 

red meat but eating poultry and fish; or consuming red meat, poultry, or fish no more than once a 

week (Tonstad, 2013; Baines, 2007; Clarys, 2014). The information on flexitarian diets is limited 

as most of the current literature centers around the Adventist Health Cohort. (Derbyshire, 2017). 

A flexitarian diet is associated with a 4.8% prevalence in diabetes compared to non-vegetarians 

at 7.8% (Derbyshire, 2017). More work needs to be done to provide a definition of flexitarian 

and assess its impact on diet related outcomes. 
 

Food for People vs. Feed for Animals  

The challenges of global malnutrition require that every agricultural practice be carefully 

evaluated. Although global calories currently available are enough to feed the global population, 

malnutrition rates are still high. Currently, over a third of global calories are used in livestock 

production, primarily to feed livestock in wealthy regions like North America, Western Europe 



   
 

   
 

and Eastern Asia. It is important to note that 86% of livestock feed is sourced from materials 

unavailable for human consumption (Mottet et al. 2017) and 57% of land used for feed is not 

suitable for human food production with only 14% of grassland able to be converted translating 

to 50% of arable land (Mottet, 2018). Given that livestock feed is the most efficient way of 

converting animals to protein in a short period, there is a conflict between feeding livestock feed 

or human inedible material solely. Mottet (2018) reported that contrary to higher estimates, it 

takes 3 kg of cereal crops to produce 1 kg of meat and 0.6 kg of protein from human edible feed 

produces 1 kg of higher quality protein.  

 

Figure 2: Grassland distribution, from (Motet et al., 2018) 

 

Taking all into account, there are still questions as to what extent feed systems be used. Should 

we feed more people or less people higher quality of food? In arriving at a conclusion, regional 

differences need to be evaluated. As mentioned earlier, most of the feed intensive systems occur 

in the developed world so it might not directly translate into food for developing world. 

Regardless, a reduction in the number of livestock could free up some land that can be used 

instead for crop production that can be processed into food for humans. Ruminants take the 

larger share of consumption of human edible feed and there has been a trend of consuming 

poultry because of lower environmental impacts. A tradeoff is that monogastric animals do 

produce less GHG but require more human edible feed compared to ruminants. (Motet et al., 

2018).   



   
 

   
 

 

Food Loss and Food Waste  

Globally, a third of food is wasted. In order to provide a comprehensive plan forward for a 

sustainable world, food and agriculture scientists and policy-makers must address food loss and 

waste along with other pressing issues like GHG emissions, nutrition, and soil health. Food loss 

and waste is a growing obstacle of achieving food security and has environmental and economic 

consequences. A target of the SDG 12 – responsible consumption – is to achieve a 50% 

reduction in food waste at the consumer levels and reduce losses at harvest and other production. 

When food that is fit for human consumption is wasted, greenhouse gas emissions are released in 

landfills, and financial capital is lost. Food loss and waste can occur in three categories: at the 

production, transportation, and consumer levels. It is estimated that the food waste at the 

consumer level in industrial countries is almost equal to net food production in sub-Saharan 

Africa (FAO, 2011).  In North America and Europe, around 40% of the total waste takes place at 

the consumer level. Although middle- and high-income countries have similar food waste 

percentages as low-income countries, the latter generally occurs before it reaches the consumer 

(FAO 2011). 

Figure 3: Share of global food loss by commodity (World Research Institute, 2013) 

 

Looking into the future of a plant-based diet, we can expect an increase in production of plant-

based proteins, fruits, and vegetables which will come with tradeoffs. Generally, a greater 

percentage of cereals, fruits, and vegetables are wasted in comparison to animal source foods 

(FAO, 2011). Intensification of plant production could lead to more risk of disease, antimicrobial 

resistance, and general loss of crops in comparison to livestock production if done improperly. 

Staple crops have a lower carbon footprint but are responsible for 30-50% of cropland use, 

nitrogen and phosphorus application (Springmann, 2016). Achieving 50% reduction of food 

waste aligns with the UN sustainable development goals and could decrease environmental 

pressures by 6-16% in comparison to current 2050 projections (Springmann, 2016). A flexitarian 

diet, consuming mostly plant-based foods and animal source foods in moderation, could also 

lead to a 29% reduction in GHG emissions and 5-9% less environmental impacts. In addressing 

this issue, there must be technical development in the infrastructure to reduce production loss of 



   
 

   
 

food in low income economies and a lifestyle change in higher income economies. Food waste 

cannot be eliminated, hence efficient recycling methods should be adopted.  

 

Animal & Plant Health 

The Effects of Animal Health on Human Health  

Animal health and human health are linked together. It is evident that actions that protect and 

improve animal health directly correlate to increased protection and improvement in human 

health (Kimman et al., 2013).  In fact, the Black Death of Eurasia in the early Middle Ages, the 

Spanish Flu of the early 20th century, and many present-day human pathogens, such as measles 

and tuberculosis, originated from domesticated animals and wildlife (Aronson et al., 2019; 

Kimman et al., 2013). However, reduction of such infectious diseases in both humans and 

animals are due to increased general hygiene (sewerage), better food production and handling 

(meat inspection, freezing, pasteurization), disease control and eradication programs, and the 

development of vaccines and antibiotics (Kimman et al., 2013). 

The use of antibiotics in the livestock sector has been heavily debated in recent times. If 

antibiotics are overused, or not used correctly, they can lead to resistance in bacteria and be a 

threat to human health (Kimman et al., 2013). With increased herd sizes and intensification of 

the livestock industry, concerns arise related to antimicrobial resistance, possible disease 

outbreaks, and human health while working with livestock. Intensification of the livestock sector 

can lead to more “production diseases” in livestock such as bacterial and viral diseases of the 

respiratory and/or digestive tracts. These diseases are often due to confinement, increased 

numbers, stress from movement, and new living environment (Kimman et al., 2013).  Diseases 

such as these also pose a risk to production efficiency. By improving animal health, measurable 

increases in production efficiency, human health, and a reduction of environmental impact are 

seen. 

It is estimated that every USD invested in livestock health and disease prevention generates five 

USD worth of benefits (Aronson et al., 2019). Through modern medicine, antibiotics, and 

vaccines, many developed countries have been able to eliminate or bring under control the 

treatment of many diseases that pose a threat to both human and animal health (Kimman et al., 

2013). 

 

Antimicrobial Resistance: Antibiotic use in Livestock  

Nobel Prize recipient, Alexander Fleming, stated in 1945, “The time may come when penicillin 

can be bought by anyone in the shops, then there is the danger that the ignorant man may easily 

underdose himself and by exposing his microbes to nonlethal quantities of the drug make them 

resistant” (Levy, 2014). Antibiotics are commonly used in the livestock and human health 

sectors. In 2010, the global consumption of antimicrobials for food animal consumption totaled 

63,151 tons and by 2030, is expected to rise to 105,596 tons (Van Boeckel et al., 2015). In 2010, 

the top five countries with the largest share of antimicrobial use for food animal consumption 

(Figure 6) were China (25%), United States (13%), Brazil (9%), India (3%), and Germany (3%) 

(Van Boeckel et al., 2015). By 2030, the ranking, and more importantly the proportions of the 



   
 

   
 

antimicrobial use for food animal consumption (Figure 6) is expected to change to China (30%), 

United States (10%), Brazil (8%), India (3%), and Mexico (2%) (Van Boeckel et al., 2015). 

Antibiotics and antimicrobials are given to livestock usually as a feed additive/top-dress or 

mixed in the water by use of a water medicator. Often, the antibiotic is given in a low dose form 

to prevent disease before the animal contracts it but, in doing so, the low dose antibiotic also 

tends to increase daily feed intake and feed efficiency (Kimman et al., 2013).  By using 

antibiotics in a low-dose form, it increases the risk of developing resistant bacteria in animals.  

However, not using antibiotics will not immediately make the resistant bacteria disappear, and 

current research has not answered the question of how the extent of use of an antibiotic will or 

will not contribute to the development of resistance (Kimman et al., 2013). In 2012, Denmark 

tested domestic and  

Figure 4: The graph depicts the use of antimicrobials of the top five countries, graph modified from (Van 

Boeckel et al., 2015). 

 

imported chicken products for cephalosporins, which have been used as growth promoters in the 

poultry industry in various regions of the world (Levy, 2014). The tests showed that 61% of 

samples collected on imported chickens contained indicators of cephalosporin use, but similar 

kinds of microbes that show signs of cephalosporin resistance were found in 36% of samples 

collected from domestically-raised chickens (Levy, 2014). However, the chickens in Denmark 

have never received cephalosporins. This suggests that the bacteria have gained resistance 

elsewhere either through a mutation or through an inherited trait. This is the most likely way the 

domestically raised chickens acquired bacteria that had cephalosporin resistance (Levy, 2014). 

It is important to note that resistant bacteria do not only develop in the agriculture sector but 

from all facets of antibiotic use. A study done in the late twentieth century found that the use of 



   
 

   
 

the livestock growth promoter, avoparcin, can lead to vancomycin-resistant enterococci (VRE) in 

humans (Levy, 2014). Shortly after this study was published, European countries banned the use 

of avoparcin in livestock. In the United States, the use of avoparcin was never approved for any 

use in agriculture, but the human antibiotic, vancomycin, was commonly administered in U.S. 

hospitals to humans (Levy, 2014). This led to the rise of VRE in U.S. hospitals at the turn of the 

21st century causing VRE infections for 20,000 hospital patients and 1,300 deaths each year 

(Levy, 2014).  In 1999, Denmark banned the use of all medically-important antibiotics and all 

non-therapeutic use of antibiotics in the livestock sector. Effective in 2017, the U.S. banned all 

medically-important antibiotics and antibiotics used as growth promoters in the passing of the 

Veterinary Feed Directive (Levy, 2014). By 2008, Denmark had reduced their antibiotic use in 

the swine industry by more than 50% (Levy, 2014). While doing so, Denmark also increased 

production numbers and weaned more pigs than ever, however, they also reported higher 

mortality rates and an increased cost from birth to slaughter of one euro per pig (Levy, 2014).  

Denmark markets 28 million pigs annually, thus costing the Denmark swine industry an 

additional 28 million euros. The use of antibiotics in the livestock sector should be restricted as 

much as possible because with extensive use, and when used at suboptimal levels (low doses), it 

may result in antimicrobial resistance (Kimman et al., 2013). However, in humans, the medical 

community cannot avoid applying antibiotics that are not fully effective or may eventually not 

work, as everything possible will be attempted to help the patient (Kimman et al., 2013). With 

the demand to shift towards a more plant-based diet and lessening the demand for livestock 

production overall, this would limit the use of antibiotics and antimicrobial resistance in the 

livestock sector.  However, it will not eliminate the advancement of antimicrobial resistance as 

there is the risk wherever antibiotics are used. 

  

Psychological, Economical, & Human Health: The Effects of Livestock Diseases  

Just like humans, there are a wide variety of diseases and health concerns in the livestock 

industry. Occasionally, severe outbreaks of diseases in animals occur; many of which pose no 

direct threat to humans. Sometimes, these infectious diseases can spread from animals to 

humans. This process of a disease transferring from animal to human is called zoonoses or a 

zoonotic disease. A few examples of zoonotic diseases include human cases of avian influenza, 

bovine spongiform encephalopathy (BSE), brucellosis, tuberculosis, and leptospirosis (Kimman, 

et al., 2013). The category of zoonotic diseases is vast and varies widely from very infrequent 

(tuberculosis) to frequent (campylobacteriosis), and from severe (BSE or E. Coli O157:H7) to 

mild (rotavirus).  In the Netherlands, it is estimated that 1,000 people per year contract a 

confirmed human zoonotic infection (Kimman et al., 2013). This number is expected to continue 

to rise due to an increase in human-animal interaction, expanding trade, and a growing popularity 

for consumption of animal products (Kimman et al., 2013). Another recent and fatal example is 

the Q fever epidemic from 2007-2010 that took place in the Netherlands.  The Q fever epidemic 

killed 10 people and was eventually stopped by the massive culling of goats (Kimman et al., 

2013). Some infectious diseases, such as African Swine Fever, Classical Swine Fever, avian 

influenza, and foot-and-mouth disease, are not zoonotic but come with serious consequences for 

animal health and a considerable negative economic impact. In the 1980’s, a serious Bovine 

Spongiform Encephalopathy (BSE) epidemic occurred in cattle in the United Kingdom. This 

serious and fatal disease in cattle also proved to be zoonotic and caused a quickly-progressing 

form of Creutzfeldt-Jakob disease in humans.   



   
 

   
 

Pork provides a high-quality source of protein and demand is expected to rise (Dixon et al., 

2019). However, the current supply of pork is at risk as African Swine Fever continues to spread. 

African Swine Fever results in an almost 100% mortality rate (National Pork Board, 2019). The 

first reported case of African swine Fever in China was reported August 3rd, 2018.  Now, with 

China’s city of Hong Kong testing positive for African Swine Fever, the country is nearly 100% 

African Swine Fever-positive (National Pork Board, 2019). African Swine Fever is expected to 

wipe out approximately 200 million pigs (National Pork Board, 2019). China produces about 400 

million pigs annually, thus causing a major disruption in market supply and serious economic 

losses. Figure 7 shows the spread of African Swine Fever from Eastern Europe to China over the 

past 5 years.   

For many of these diseases (zoonotic and non-zoonotic), preventative and responsive large-scale 

culling of infected and at-risk animals is a common practice across the globe. Vaccination would 

be an alternative to the mass culling of the at-risk animals, but vaccinated animals face large 

price reductions and trade restrictions (Bergevoeta and van Asseldonk, 2014). For example, 

animals vaccinated with the foot-and-mouth vaccine will test positive for foot-and-mouth which 

concerns the countries that would be importing the product, this leads to limited market access 

with a low return on investment (Bergevoeta and van Asseldonk, 2014). The public has mixed 

emotions when questioned in depth about antibiotic use and the use of vaccines in livestock. 

Large-scale culling of infected animals and animals at risk of spreading a disease such as foot-

and-mouth disease cause stress, fear, disgust, and overall disapproval among the general public. 

It may also evoke psychological stress, depression, and even suicide among those that are tasked 

with destroying so many, often healthy, animals (Kimman et al., 2013). 

The economic damage of a disease outbreak can be very extensive and devastating to a country.  

The 2003 avian influenza epidemic in the Netherlands required the culling of 255 infected 

poultry farms and 18,255 commercial and hobby farms as a preventative measure. A total of 31 

million chickens, ducks, and turkeys were destroyed costing hundreds of millions of euros 

(Kimman et al., 2013). In 2001-2002, the Netherlands had a large foot-and-mouth epidemic that 

resulted in the culling of 17 million sheep, cattle, and pigs. The costs of the disease totaled an 

amount of 900 million euros (€) (Bergevoeta and van Asseldonk, 2014). Of the total cost of €900 

million: the direct cost of the culled animals totaled €90 million, the export market loss totaled 

€320 million, the tourism and recreation sector lost €275 million, and the other parts of the 

livestock chain incurred the rest of the cost (Bergevoeta and van Asseldonk, 2014). 

While the demand for a change to a plant-based diet and a reduction of animal source foods may 

reduce some of the concerns of market access, zoonotic diseases, and common production 

diseases, the opposite can happen too. The intensification of the livestock industry has promoted 

the use of technology and the reliance of science to produce a safe and efficient product. 

However, if the reduction in demand for animal source foods turns into a more small shareholder 

approach of the industry, livestock could be more at risk if the loss of technology and modern 

biosecurity was to be lost.  The reduction can also cause small shareholders to cease production 

and yield to larger entities due to not being able to compete in the market. This can cause the 

bigger corporations to control the majority of the market, the genetic pool, and product flow and 

price. There are several limitations when considering the face of the livestock sector with a shift 

to a plant-based diet including: the severity of the shift, the increasing demand of animal source 

foods, the unpredictable spread of disease, and the uncertainty of the market.   



   
 

   
 

 

Figure 7: The maps show the reported (resolved or continued) outbreaks of African Swine Fever over the 

past five years (OIE) 

Risks of plant production intensification  

The burden of animal disease outbreaks can be devastating for the livestock industry, human 

health, and the economy. However, just like livestock, plants can get their own diseases that can 

lead to food insecurity, human health concerns, and economic stress. Much of this risk comes 

from projected susceptibility to plant diseases and pests resulting in detrimental yield loss. In the 



   
 

   
 

face of climate change and mass movement of humans throughout the globe, the risk of disease 

and invasive species transmission needs to be urgently addressed in policy and otherwise – 

particularly in the context of a global shift to plant-based diets (Simler et al., 2019). With global 

temperatures warming, pathogens, hosts, and the interactions between them are changing in ways 

researchers have just begun to study (Laughton et al., 2017). Research done on plodia 

interpunctella – Indianmeal Moth – shows that when temperatures warm, the diseases tested had 

a greater chance of causing death and populations did not survive nearly as long (Laughton et al., 

2017). The research found altered behaviors in the moth, as well as higher potency of the plodia 

interpunctella granulosis virus when the temperature was increased, a trend expected to be 

indicative of many species behavior as global temperatures increase (Laughton et al., 2017). 

Livestock and people can move and adapt, but plant life is stationary, so humans have recently 

turned to assisted migration, a form of preservation where plants are moved to areas where the 

climate is suitable for their growth (Simler et al., 2019).  Sometimes, however, these plants are 

introduced into ecosystems where they are not recognized and the non-indigenous species (NIS) 

overtakes the native plants (Simler et al., 2019). This is unhealthy for ecosystems, but also 

detrimental to yield and economically-unfavorable for farmers, especially in the developing 

world (Simler et al., 2019). Southeast Asia is a prime example. Although studies in Southeast 

Asia are limited, one group of researchers concluded that annual losses from NIS in Southeast 

Asia total approximately $33.5 billion, with 90% of that loss occurring in the agricultural sector 

(Nghiem et al., 2013). In order to quantify this impact, weeds, pathogens, and insects were 

considered (Nghiem et al., 2013). Many of the pests found to be harmful in this study were also 

found to be of non-native origin with 44% of weeds and 15% of insects not originating from 

Southeast Asia (Nghiem et al., 2013).  

These damages, however, are not limited to Southeast Asia. Using existing literature, the same 

researchers found that, due to NIS, the United States suffers approximately $120 billion in losses 

annually, $12-31 billion in Canada, and $48 billion in the United Kingdom, Australia, South 

Africa, India, and Brazil combined (Nghiem et al., 2013). In total, these numbers from Nghiem 

et al., 2013 equate to losses of $213.5-232.5 billion, annually in the specified countries. Wheat is 

one of the most commonly-produced grains in the world with a projected record of 2,722 million 

tons produced in 2019 (FAO). This critically-important crop is at high risk of disease and pest 

exposure (FAO, 2019b). Much of the northern range of wheat production is at a greater threat of 

damage caused by warmer winters allowing diseases to survive through the year, as well as an 

increase in the number of aphids reaching the wheat early in the season (Paraschivu et al., 2017). 

These aphids are a vector for Barley Yellow Dwarf Virus which will be able to reach crops 

earlier in the season and with greater frequency (Paraschivu et al., 2017). Additionally, the trend 

toward wetter growing seasons has increased the risk of fungi, namely mycotoxins, which will 

remain in the grain and can be harmful to humans and animals if consumed (Paraschivu et al., 

2017). One such disease is Ergot in rye. Ergot is a fungus that, when consumed, can cause 

fatality in humans (Zadoks, 2008). The first reported cases of Ergot-related deaths date back to 

the Middle Ages and possibly back to ancient Greece (Zadoks, 2008). However, this disease has 

still affected people throughout the 20th century with 200 reported cases in England in 1927 and 

another 10,000 reported cases in Russia in 1926-27 (Zadoks, 2008). With a rapidly-changing and 

unpredictable climate, diseases like Ergot, among others, are increasingly likely to become 

prevalent again. This leads to a risk of increased public health costs and highlights the impacts of 

climate change and agriculture beyond just the agricultural sector of the economy. 



   
 

   
 

 

Biodiversity and Genetic Variance 

Moving to a plant-based diet comes with inherent risks. One such risk is the risk of crop failure 

compounded by a lack of genetic variance. Since the beginning of modern agriculture, farmers 

have used genetic variation in a population to generate increased yields, particularly for 

subsistence farmers (Govindaraj et al., 2015). Since the 1960s, focus has shifted to increasing 

yields and providing food to the rapidly-growing population across the globe (Govindaraj et al., 

2015). Particularly during the green revolution of the 1960s, focus shifted to mass production of 

rice, largely comprised of a single cultivar, substantially narrowing the genetic diversity of 

India’s crop farming profile (Govindaraj et al., 2015). Narrow gene pools and largely uniform 

cropping systems bring about great risk, as seen in the great Irish potato famine of 1845-49.  The 

potato famine was caused by a disease called “late blight,” which is known for destroying both 

the leaves and the roots, or tubers, of the potato plant (Mokyr, 2019). Since only one or two 

different potato cultivars were being grown in Ireland at the time, the phytophthora bacterial 

infection eliminated the entire crop leading to famine across the country (Mokyr, 2019). The 

great Irish potato famine led to the deaths of approximately one million people and caused 

another million to relocate to avoid starvation and disease (Mokyr, 2019). These case studies 

point to the need for innovative thinking and careful consideration of unintended consequences 

of emphasis on only a few traits for production of food. For this reason, maintaining genetic 

diversity in cropping systems is critical when examining sustainable intensification. 

Shifting to plant-based diets would require genetic diversity because global warming is 

generating increased susceptibility of cropping systems to disease and pest damage (Laughton et 

al., 2017). This report previously quantified that non-indigenous species leads to hundreds of 

billions of USD of crop loss every year, not including losses due to extreme weather events or 

other climate change factors (see section 4.4). Pagán et al., (2012) examined the effects of 

human influence on pepper cultivation systems in Mexico in terms of virus transmission through 

the crop system. They found that human influence on pepper production resulted in narrower 

genetic diversity and higher planting density, allowing the disease to infect more plants at a 

faster rate than naturally-occurring systems that produce the same peppers (Pagán et al., 2012). 

In a shift to plant-based diets, continuing the trend of narrowing the genetic pool in order to 

enhance yield increases would increase risk of substantial economic loss due to non-indigenous 

species and disease outbreaks so it’s important to explore diversified farming systems (DFS) as 

an option to increase genetic diversity and maintain yields and environmental health.  

Diversified farming systems (DFS) are characterized by biodiverse species of both livestock and 

crops working together in a system which preserve the environmental integrity of the land, while 

still providing a sufficient living for the farmer (Rosa-Schleich et al., 2019). There are many 

types of DFS with varying degrees of ecological and economic impacts on farm productivity 

including, but not limited to: cover cropping, intercropping, agroforestry, mixed crop-livestock 

systems, structural elements (such as tree windbreaks), and diverse crop rotations (Rosa-Schleich 

et al., 2019). Each of these has a varying degree to which genetic diversity can be introduced, but 

all have important ecological benefits ranging from increased biodiversity to reduced erosion and 

overall crop system resilience (Rosa-Schelich et al., 2019). The study found that all 6 DFS types 

they examined provided at least a marginal, measurable increase in biodiversity (Rosa-Schleich 

et al., 2019). Combined with the other environmental benefits provided by DFS, the increased 



   
 

   
 

biodiversity makes a strong case for exploring DFS as a method for intensifying agriculture to 

meet both the environmental and food production needs of future generations. While this study 

acknowledged that significant knowledge gaps remain and further research needs to be done, 

long-term implementation of integrated DFS strategies in context-specific agricultural systems 

across the world seems to have promising chances of producing equivalent or slightly increased 

crop yields over non-DFS production in the future (Rosa-Schleich et al., 2019). 

Many of the concerns over the lack of biodiversity in crop systems are echoed within the 

livestock sector, as well. The concern is over both the narrow gene pool of livestock species, 

especially cattle, in addition to the damage of natural ecosystems and associated disruptions of 

natural cycles. In Brazil, the Amazon, a pristine natural ecosystem, has been destroyed to make 

way for livestock pastures and feed crops (UN FAO, 2018). While some areas of the world are 

beginning reforestation initiatives, these are often insufficiently researched and not well-

understood (Yale University, 2019). Poorly-understood biodiversity restoration often has little 

impact which is also at risk of damage from livestock. Livestock have a role in restoring 

biodiversity as seen by the FAO study in the Irish Aran Islands. Here researchers found that 

moderately-grazed regions of the islands were more species-rich than over- or under-grazed 

regions (UN FAO, 2018). This balance of moderate grazing is challenging to accomplish, 

however, and is often not done successfully. A study done in restored lands across southeastern 

Australia found that heavy livestock grazing on the restored areas led to reduced leaf litter and 

thinner understory cover which, in turn, decreased species richness of bird and reptile species in 

the ecosystem when compared with restored areas that lacked livestock grazing (Lindenmayer et 

al., 2018).  

Further compounding the concerns over livestock biodiversity are concerns over a narrow gene 

pool and the potential inability of livestock to adapt to rapidly-changing climate conditions or 

fight diseases as a result. Genetic diversity in a livestock species has a principal benefit of 

protecting the species population against disease outbreaks (Jump et al., 2009). When individuals 

in a population have different genetic makeup, they will each have a different tolerance for and 

resistance against a disease (Jump et al., 2009). With the ongoing outbreak of African Swine 

Fever, this discussion is topical now more than ever. With potent diseases like African Swine 

Fever, it’s important to find ways to preserve the species through an outbreak to ensure the 

species doesn’t face extinction. As found in Mujibi et al. (2018), some breeds of indigenous pigs 

in western Kenya have tested positive for African Swine Fever, but do not exhibit symptoms, 

demonstrating a tolerance for the virus (Mujibi et al., 2018). Preserving traits like African Swine 

Fever resistance are important for the longevity of pig species and the same can be said for all 

species facing their own unique diseases. By eliminating the tolerance genes from the gene pool, 

there is nowhere to draw that trait into populations if African Swine Fever were to strike 

domestic pigs globally.  

Additional concerns with narrow gene pools in livestock agriculture are exacerbated due to the 

uncertain future of climate change. As temperatures warm, weather patterns become more 

unpredictable and exert physical stresses on livestock creating a need for adaptation. Literature 

emphasizes the importance of using genetic diversity in breeding programs in the present in 

order to conserve genetic diversity due to the uncertainty in the future of climate change 

(Hoffmann, 2010). Not only do higher temperatures pose health risks to the livestock, but the 

variability in weather patterns could likely change ecosystems pushing geographically-restricted 

breeds to new areas where they need to adapt (Hoffmann, 2010). These adaptations include 



   
 

   
 

dietary changes, temperature stresses, and disease stresses, all of which require genetically-

diverse livestock to successfully adapt (Hoffmann, 2010). The effects of climate change are 

likely to be more strongly felt by pastoralists and smallholder farmers in developing countries 

because housed livestock commonly found in the developed world can be protected by adjusting 

their environment manually (Hoffmann, 2010). Research suggests that multi-species and multi-

breed herds are an effective method of buffering a farm against the volatility of climate change 

and preserves the economic viability of the farm (Hoffmann, 2010).  

Genetic diversity and associated biodiversity are essential to protecting our natural ecosystems 

and food systems against climate change. Without the ability for plants and animals to adapt to 

changing conditions, people everywhere will face food shortages and threats to food security 

from diseases and extreme weather events that already cost hundreds of billions of dollars, 

annually across the globe. While the risk of livestock disease is high and constantly prevalent, 

livestock diseases can be more easily contained with proper management than plant diseases. 

Thus, having a population of plants that are collectively resilient against disease is critical to the 

success of shifting to a plant-based diet and can be achieved only through maintaining genetic 

variation within a population. With the livelihoods of 600 million smallholder farmers at risk 

under threats to livestock and crop health as a result of narrow gene pools, this matter should be 

urgently addressed (UN FAO, 2018). Maintaining biodiversity and supporting safe, healthy 

ecosystems for both domestic and non-domesticated animals will help work toward achieving 

SDG 15—life on land. Specifically, action in favor of biodiversity will work toward the target of 

reducing degradation of natural habitats, stopping biodiversity loss, and avoiding the extinction 

of threatened species (United Nations, 2018). 

 

Livelihoods and Economic Growth 

Transforming livelihoods and promoting economic growth through livestock  

Enhancing agricultural productivity is crucial for alleviating poverty and improving food security 

(Rodriguez et al., 2016). The rise in wealth and urbanization has grown prevalent among low- 

and middle-income countries (Msangi et al., 2014). As a result, these economic trends have led 

to an increase in the demand for livestock products and per capita meat consumption in 

developing nations.  

Gross Domestic Product (GDP) of livestock production comprises 50% of all agricultural GDP 

in developed countries and 33% in developing countries (Msangi et al., 2014). Of the 77 million 

people living below the poverty line of $1.90 per day, half depend directly on livestock for 

supporting their livelihoods (Campanhola and Pandey, 2019). The value of livestock production 

accounts for 40% and 20% of total agricultural output in developed and developing countries, 

respectively (UN FAO, 2018). At the micro-level, 60% of rural households own livestock and 

rely on their production as a primary source of income (Rodriguez et al., 2016).  

 

Globalization and the economic implications of a dietary shift  

Initiatives designed to advance a global shift toward plant-based diets would largely reduce the 

livestock sector of many developed countries in which the industry makes up a substantial 



   
 

   
 

portion of the economy. In the United States alone, the livestock sector was valued at over $150 

billion in 2017 (USDA, 2017). That makes up 2.2% of total exports, excluding animal 

byproducts, according to the MIT Observatory of Economic Complexity (MIT, 2017). Globally, 

the livestock sector is valued at over $1.4 trillion (Thornton, 2010). Removing or reducing such a 

large portion of trade would make trade negotiations far more challenging. While losing up to 

2.2% of the United States’ exports would have negative implications for U.S. agricultural 

markets, ceasing trade with large trading partners like Japan, Mexico, Canada, or China would 

have impacts on their economies, as well. Any disruption to the market flow within large, global 

economies would have impacts that would reverberate throughout the globe.  

To attempt to quantify these impacts, two Portuguese universities conducted a global study of 77 

countries across the entire spectrum of development to determine what decreasing meat 

consumption would do to economies, both developed and developing. The authors identified a 

great dilemma regarding how to proceed with addressing meat consumption from economic and 

environmental perspectives (Marques et al., 2018). They found that a decrease in meat 

consumption correlates with a negative impact on economic growth rates in developing countries 

but there is a negative tradeoff in environmental health (Marques et al., 2018). They speculate 

that when developed countries are consuming more meat, they will source their meat from 

developing countries, resulting in the faster economic growth (Marques et al., 2018).  

Other current data contradict this statement and suggest that, most likely, plant-based diets would 

have a more positive economic impact on developing countries given the reasoning provided by 

Marques’ study. Based on 2017 data, the MIT Observatory of Economic Complexity shows that 

common red meats such as beef and pork are rarely imported to developed or BRICS countries 

(Brazil, Russia, India, China, South Africa). Only 1.4% of U.S. imports are animal products, 

1.5% in China, and 1.3% in Australia (MIT, 2017). Further, large majorities of those imports, 

however small they may be, are sourced from other developed countries. China, one of the most 

heavily-invested players in developing countries, sources 60% of their pork imports from Spain, 

Germany, Canada, and the United States, with other developed countries making up the 

remaining 40% of imports (MIT, 2017).  

Literature exploring the relationship between the diets of those living in developed countries and 

the economy of developing countries, has begun examining the sources of the plants that are 

commonly identified as alternate sources of protein. More than 50% of nuts – a commonly-

proposed alternative protein source to animal sourced foods – imported into China are sourced 

from developing regions of Asia: North Korea, Mongolia, and Pakistan, with another 4.3% 

coming from various African countries (MIT, 2017). Similarly, the U.S. sources 53% of nut 

imports from African countries such as Malawi, Kenya, and South Africa (MIT, 2017). The other 

major source of U.S. nut imports is China who, as previously mentioned, sources most of their 

nuts from developing countries (MIT, 2017). Given current data, it would stand to reason that a 

shift to plant-based diets globally would likely prove more beneficial for emerging economies 

than continuing with the meat-based diets currently held throughout much of the developed 

world. In developed countries, such a shift would likely play a role in decreasing NCD 

prevalence, resulting in lower public health expenditure. The tradeoff would be that a plant-

based diet shift is likely to generate polarizing social dynamics between communities dependent 

on food and livestock production and those with a lower reliance on food production as a source 

of income.  



   
 

   
 

Scientific literature has generated a clear divide between those who claim that plant-based diets 

will aid in developing emerging economies and those who assert that continued meat 

consumption is the crucial piece to advancing an economy. To address this discrepancy, 

increasing numbers of studies have been researching alternative sources of protein, but since a 

large demographic shift to plant-based diets has not occurred, the economic impact of alternative 

protein consumption has not been well quantified. In general, trends seem to indicate that 

redistributing livestock production and freeing up trade with developing countries will ensure 

more stable livelihoods for people across the world, as well as bringing more resilient economies 

and working partnerships for our increasingly-globalized society. 

Global partnerships will be an essential component of reducing inequalities between developed 

and developing nations through equitable trade agreements (UN FAO, 2018). Major markets of 

developed countries already treat least-developed countries (LDC) with favor, according to the 

UN (UN FAO, 2018). With the World Trade Organization managing these trade agreements, 

developed economies and other large importers can help countries develop LDC economies and 

lift populations out of poverty. The 47 LDCs are spread across the world, so their climates, 

landscapes, and cultures will allow each country to specialize in an exported good(s) as they 

grow into their space in the global market. Afghanistan comprises their exports of 72% vegetable 

products, and thus can specialize in trading fruit and vegetables with surrounding countries 

(MIT, 2017).  Somalia, while riddled with conflict and having very minimal overall exports, 

sources 80% of exports from animal products, excluding hides or other byproducts of animal 

origin (MIT, 2017). In cases like Somalia, livestock can provide a means of supporting 

livelihoods through conflict and economic turmoil—an asset for many smallholder farmers in 

crisis-ridden LDCs. In conflict, more generally, livestock is also a mobile means of income for 

refugees and migrants forcibly displaced from their homes and livelihoods (UN FAO, 2018). 

  

Livestock’s role in developing economies  

Livestock currently occupy around 30% of ice-free land area globally (Thompson, 2010). 

Literature examining the land use demand changes for shifting to a plant-based diet has found 

that significant reductions in land demand will take place if large-scale livestock agriculture is 

replaced with plant-focused production (de Boer and Aiking, 2011). This land can then be used 

to help developing countries bolster their agricultural sectors, often the first major step toward 

economic growth and development overall (Awokuse and Xie, 2014). As evidenced in the UN 

FAO’s 2018 report on livestock and the SDGs, an increase in livestock production has a greater 

economic impact on other areas of the agriculture sector in low-income countries than high-

income countries (UN FAO, 2018). An increase in livestock production results in a larger 

increase in non-agricultural outputs in high-income countries compared with low-income 

countries (UN FAO, 2018). This directly reflects the dependency on livestock seen in developing 

countries and the impact that livestock has on developing their agricultural sector. Brazil is a 

good example of this. According to World Bank data, in 1960 Brazil’s total GDP was $15.166 

billion (World Bank, 2019). Today, Brazil’s GDP is $2.054 trillion, though it peaked at over $2.6 

trillion in 2011 (World Bank, 2019). In that span of time, Brazil’s agriculture sector grew 

rapidly, and they became a top exporter of beef, broilers, coffee, soy, oilseeds, sugar, and sugar-

based ethanol (Awokuse and Xie, 2014). Though this agricultural development came at the 

expense of other areas, the redistribution and downsizing of the livestock industry would provide 



   
 

   
 

additional land area for crop growth. This newly-available land could help improve food 

distribution and access, opening global markets and expanding the economies of developing 

countries worldwide. Further research will need to be done to establish how effectively this 

livestock-occupied land can produce crops fit for human consumption, as well as examining how 

well we can distribute agricultural production to benefit developing economies. 

Market Access  

When exploring the implications for reducing livestock production through an economic lens, 

increasing market access – particularly to producers in developing countries – plays a key role in 

increasing production efficiency and economic growth. This contributes to alleviating poverty 

and improving food security which are critical components to bear in mind when considering a 

reduction of livestock production on a global scale.  

In addition to serving as a tool for aiding in food production in developing nations, the manual 

power provided by livestock also enables farmers to widen their reach of goods destined for local 

and export markets (UN FAO, 2018). While livestock themselves can be a vehicle for 

transporting animals to market, in order to maximize the potential for livestock production to 

increase food security, alleviate poverty, and support livelihoods, access to local markets among 

smallholder farmers is critical.  

When exploring methods for maximizing market access among livestock producers, it is helpful 

to consider the barriers and drivers for smallholder producers associated with the profit potential 

of selling livestock. While it is evident barriers exist for obtaining market access in the 

developing world, there are key drivers to consider when assessing livestock’s role in serving as 

a primary source of income for rural households. Education is a positive driver for production 

efficiency of livestock: In Botswana, an increase in education of the head of household was 

associated with increased profit efficiency (Bahta and Malope, 2014). Although the cost for 

transporting animals to distant markets may be high, the greater degree of profit potential 

associated with more distant markets offsets this cost (Bahta and Malope, 2014). Contrary to 

when selling to local markets, rural farmers who travel to distant markets seek a larger 

population of consumers who are associated with a greater potential to make a profit. This raises 

the importance of advanced infrastructure in supporting livestock’s contributions to the global 

economy.  

Compared to crops, animal source foods, including meat, have a greater capacity for driving 

economic growth, increasing export values, and supporting livelihoods (UN FAO, 2018). The 

significance of market information, including market news, prices, and weather, lies in its ability 

to equip farmers for making production decisions and projections (Chen and Tang, 2015). 

Increased access to market information has been proven to be especially instrumental among 

smallholder farmers in developing countries faced with illiteracy and a shortage of resources for 

maximizing production and profit efficiency (European Commission, 2012). It has been 

established that market information can also drive market competitiveness, further stimulating 

economic growth (UN FAO, 2017).  

Affording producers with guidance regarding when to plant, what to plant, and when to sell 

commodities is necessary for increasing productivity of agricultural goods. India captures only 

24% of the total value of their produced commodities due to insufficient access to market 

information (Magesa et al., 2014). Related scenarios in the developing world have reduced the 



   
 

   
 

capacity for agriculture to benefit rural communities and generate income (Magesa et al., 2014). 

Many governments of developing nations have yet to provide farmers with access to a market 

information system (Chen and Tang, 2015). Efforts to increase market access to livestock 

farmers through tools including market information systems have been most effective for large-

scale producers (Catelo and Costales, 2008). Thus, it is advised that a focus be placed on 

affording small-scale producers with the resources and capacity to use these tools. 

Unleashing the full potential for market information to aid in optimizing productivity and income 

generation will require the involvement of multiple stakeholders, including those involved in 

improving infrastructure. In Uganda, poor roads mitigated profit potential for rural farmers as 

access to distant markets was restricted (Chen and Tang, 2015). This scenario illuminates the 

variety of barriers to market access and the role of multi-stakeholder partnerships to ensure 

equitable and rapid economic growth.  

 

Guidance for assessing and improving livestock production  

In addition to benefitting the collective economy across the globe, livestock production supports 

the livelihoods of 600 million smallholder farmers in developing nations (UN FAO, 2018). 

Small-scale farms produce 90% of milk, 70% of ruminant meat and 33% of pork, poultry, and 

eggs, contributing up to one-third of farm income (Rodriguez et al., 2016). Comprising over half 

of the 1.3 billion people employed by livestock production worldwide (UN FAO, 2018), 

smallholder farmers are an important demographic to consider when looking to increase 

productivity.    

A focus should also be placed on the role of governance for SDG 8: decent work and economic 

growth, which has a target of promoting policies that are development-oriented. Since 

developing countries often lack the strength of governance necessary to create and enforce 

sustainable development of livestock systems, the responsibility is heavily shared with developed 

countries to work collaboratively for a strong global livestock sector. As a product of 

globalization, equitable relationships between economically-powerful countries and those that 

are still underdeveloped also satisfies targets under SDG 17: partnerships for the goals. Investing 

in trade and economic empowerment works toward “assist[ing] developing countries in attaining 

long-term debt sustainability” as well as “promot[ing] a universal, rules-based, open, non-

discriminatory and equitable multilateral trading system under the World Trade Organization” 

which are both key factors in the sustainability of the livestock industry (United Nations, 2018). 

Furthermore, globalization of agriculture through international trade has been a result of growing 

livestock production, affording producers with greater access to foreign markets. The trend of 

globalization has necessitated the incorporation of advanced production technologies and 

effective management in production (Rodriguez et al., 2016). This poses a challenge for 

smallholder farmers as productivity is often higher for large-scale producers who have access to 

a higher level of resources and capital (Pica-Ciamarra et al., 2015). Research advises that 

policies should be sensitive to the role of small-scale farmers in the collective livestock market 

(Rodriguez et al., 2016). 

In the UK, studies have found that fruit and vegetable production does not carry the same market 

value as meat production (Audsley et al., 2010). Areas that are more valuable for crop 

production will increase output and overall agricultural productivity compared to regions with 



   
 

   
 

poor land that can’t sustain enough crop growth (Audsley et al., 2010). Since not all land area 

and climate types are sufficient for food crop production, this means there will not be a scenario 

in which all livestock and meat industry workers will be able to find work in a plant-based diet 

landscape—a shift that results in “many losers, but also some winners” (Audsley et al., 2010). 

 

Considerations for Implementation  

In SDG 8, the UN seeks to “achieve full and productive employment for all women and men” by 

the year 2030. In a rapid dietary shift that significantly reduces a sector as large as the livestock 

industry, this goal will not be met. A shift that results in “many losers, but also some winners,” 

would directly counteract progress toward this target (Audsley et al., 2010). A slower, more 

progressive shift toward plant-based diets will help create opportunities for those working in the 

livestock sector to find other gainful employment, potentially through government assistance. 

Governance, as the UN suggests in SDG 16: peace, justice and strong institutions, will be key to 

implementing a large societal shift and developing equitable policy (United Nations, 2018). 

Strong governance will help progress toward the target of “promot[ing] and enforc[ing] non-

discriminatory laws and policies for sustainable development.” (United Nations, 2018). 

Further into SDG 16, the UN Development Programme sets a target that includes “...to protect 

fundamental freedoms in accordance with national legislation...” which emphasizes the 

importance of protecting the rights of citizens in the legislation-making process (United Nations, 

2018). People expect to have the right to choose how they live and what they eat on a day-to-day 

basis. This includes a large cultural shift to plant-based diets because of increasing social value 

being placed on environmental concerns. Westhoek et al. (2014) suggest that rapid dietary 

adaptation within the EU would take place for health and environmental reasons first, followed 

by adoption of refined cultural norms favoring more heavily plant-based diets. This has been 

seen with the gradual decline in the growth rate of meat consumption in Spain, France, and the 

United States as populations become more environmentally-aware and decrease their meat 

consumption as a result (Marques et al., 2018).   

However, high consumption of animal sourced foods in developed countries, attributed to 

increasing incomes, may pose a challenge for shifting consumer preferences. A plant-based 

dietary shift will call for a dramatic change by consumers and must involve the transition of 

livestock farmers into plant-based protein alternatives and/or another crop production. Transition 

to fewer livestock producers must be made smoothly in order to prevent fluctuations in the 

markets that could affect food security.   

 

Implications of monetary policy changes  

Literature suggests that the shift toward plant-based diets could be moved forward by 

governments and food system players to lead to more rapid change through the form of taxation, 

incentivization, and price control (Westhoek et al., 2014). Currently, some advocates for plant-

based diets are continuing their push for taxation and government intervention in consumer 

preferences as seen in the EAT-Lancet report of February 2019. The EAT-Lancet report suggests 

that, “food prices should fully reflect the true costs of food.” (Willett et al., 2019). They propose 

similar ideas of increasing taxation after careful review and adjustment of food production 



   
 

   
 

systems to favor more sustainable, environmentally-friendly practices (Willett, et al., 2019). The 

largest problem in implementing tax changes such as these in the developed world is that 

governance is dependent on ensuring freedom of choice for dietary consumption habits.   

Taxation and changes in tax policy, especially increases, are often met with great opposition. 

Even if working toward a better world for posterity, it is challenging for people to be willing to 

bear the burden of cost in making a change that will benefit people who come after them 

(Albrecht, 2009). For this reason, the taxation plans set forth by advocates such as Westhoek or 

the EAT-Lancet team would not be likely to work. Further, in the United States, one of the 

world’s highest meat-consuming countries per capita, food taxation is not uniform across all 

states and would complicate a taxation plan. Instead of implementing mandatory food taxes and 

forcing people into change, a tax incentive program would likely create a slower, but more 

culturally-accepted shift in consumption patterns that still allows citizens to have control over 

their own money and diets, if they so choose. The effectiveness of tax incentives, however, 

comes into question given their relative lack of success in funding renewable energy in the past 

decade (Albrecht, 2009).  

Tax incentives often become an issue when speaking of the long-term development of a program 

or project (Albrecht, 2009). Returns on investment with incentive programs are generally low 

and do not offset the initial cost burden (Albrecht, 2009). With plant-based diets, incentives 

would not offset the cost of farmers losing their livestock, buying new equipment to shift to crop 

farming, or finding new shipment technologies to get produce across the globe more efficiently.  

Aside from the potentially-unfeasible nature of tax incentives, price alterations have been shown 

to be the most effective method of controlling buyer choices (Wiggins and Keats, 2017). Many 

unhealthy food options such as sugary drinks have relatively elastic demand, meaning price has a 

stronger influence on the buyer than in cases of nutritive options such as whole grains, fruits, and 

vegetables (Wiggins and Keats, 2017). As researchers point out, taxation of food is a challenging 

paradox because politicians don’t want to become entangled in controlling constituents, but also 

feel a responsibility for their constituents’ well-being (Wiggins and Keats, 2017). The challenge 

is complicated because of other methods’ lack of effectiveness (Wiggins and Keats, 2017). 

Strategies such as advertising have a moderate level of success, but food labeling, public 

education, and voluntary reformulation of food products often don’t have substantive effect 

(Wiggins and Keats, 2017). There is a challenging dichotomy of having too-strict tax regulations 

that force people’s choices or have policies that are too lenient and do not catalyze the change 

they are designed to make. The cultural challenges of a shift to plant-based diets will be difficult 

and must be taken into account by policy-makers. 

 

Social and cultural considerations  

Self-image among producers 

Self-image, defined as one’s own recognized identity, plays a role in determining the direction 

and inputs requires for farm-level production (Amankwah et al., 2012). Intervals of high-demand 

for livestock products attributed to holidays and cultural celebrations have presented livestock 

owners with an opportunity to generate increased income (Amankwah et al., 2012). However, 

smallholder farmers in the developing world have not consistently demonstrated their ability to 



   
 

   
 

maximize profit during times of high-demand for small ruminant products (Amankwah et al., 

2012). As a result, they have instead gravitated toward a reliance on crop production. Parts of the 

developing world have expressed a preference for supporting their livelihoods with low-cost 

inputs and have focused on improving their investment in crop production (Amankwah et al., 

2012). In Sub-Saharan Africa, the smallholder approach is to minimize risk as opposed to 

maximizing a return on investment. This production approach has led many smallholder farmers 

in developing regions to identify themselves as crop farmers more so than livestock producers 

(Amankwah et al., 2012). 

Though self-identity in favor of crop production may provide support for the shift toward a 

plant-based diet, the role of livestock in supporting economic and climatic resilience during 

trying times should remain recognized. Livestock has been a tool for facilitating economic 

resilience and can create a buffer against external shocks when sold during an economic crisis 

(UN FAO, 2018). Small-ruminants support the livelihoods of 300 million smallholder farmers 

and go on to support household food security with meat and milk (UN FAO, 2018). Addressing 

barriers that deter rural farmers from owning small and large ruminants is needed for advancing 

the sustainable intensification of livestock production.  

 

Diverse products and services beyond food and nutrition  

The benefits of livestock in supporting sustainable development extends beyond its ability to 

increase food security and nutritional support. Livestock are multi-purpose and exist in rural 

households of all incomes, providing producers with income, transportation, and social capital 

(Pica-Ciamarra et al., 2015). Livestock holds the capacity to provide clean energy to the global 

population in the form of biogas, a product created through anerobic digestion of manure 

(Kemausuor et al., 2018). Historically, livestock have also provided manual power to farmers in 

developing countries, allowing producers to engage in crop production and to transport their 

agricultural products to local markets and locations for trade (UN FAO, 2018). The versatile role 

of livestock complements the framework of the United Nations Sustainable Development Goals, 

advancing progress toward the attainment of gender equality, reduced poverty and decreased 

environmental degradation.  

Access to electricity in rural countries and regions remains a substantial barrier to advancing 

sustainable development, with only 38% of Sub-Saharan Africa’s population having access to 

electricity in 2014 (Kemausuor et al., 2018). 62% of those inhabiting the 47 LDCs lack access to 

electricity and constitute over half of the world population without access to electricity (United 

Nations Conference on Trade and Development, 2017). Poor household air quality attributed to 

the use of solid fuelwoods led to the death of 3.5 million people across the globe in 2010, with 

women and children disproportionately impacted (Somanathan and Bluffstone, 2015). 

Developing countries in particular lack access to electricity, and 2.6 billion people have relied on 

firewood and common forms of biomass for electricity (Somanathan and Bluffstone, 2015). With 

59% of energy use in LDCs sourced from traditional biomass, including wood and charcoal, 

concern with the environmental impact associated with the harvest and emissions of solid fuels 

have grown in prevalence (UN FAO, 2018). 

As part of the 2030 Sustainable Development Agenda, Goal 7 is concerned with affording the 

global population with access to sustainable, affordable, reliable, and modern energy. Biogas 



   
 

   
 

produced from livestock has the capacity to aid in achieving renewable energy targets. As part of 

the broader class of modern energy sources, biogas can serve to transform the economies of 

LDCs (United Nations Conference on Trade and Development, 2017). In addition to providing 

employment opportunities and increasing access to electricity, modern energy has the capacity to 

enhance the existing economic composition of LDCs. Assertions drawn in a United Nations 

report state that this potential is particularly evident in the agricultural sector. Specifically, 

biogas creates fertilizer as a byproduct and can be used to aid in the cultivation of crops, going 

on to support sustainable intensification of crop-livestock operations.  

It is important to consider the potential for biogas to increase access to and use of clean energy. 

There are a variety of factors that will influence the ability for biogas to reduce a reliance on 

solid fuel use. Among rural households in Nepal, biogas production led to a reduction of 

firewood by 1.1 metric tons a year, and among households, reduced CO2 emissions by 1.6 tons 

annually (Somanathan and Bluffstone, 2015). Income inequality and population density are 

associated with an increase in solid fuel use (McLean et al., 2019). The urban-rural gap in clean 

energy access is substantial: in Sub-Saharan Africa, 42% of urban residents have access to clean 

forms of energy as opposed to 5% of those living in rural areas (McLean et al., 2019). This can 

be explained by differences in urbanization and income levels. Specifically, GDP is the strongest 

predictor for the use of solid fuelwood: an increase in GDP was associated with a lower reliance 

on solid fuelwood use (McLean et al., 2019). A rise of one standard deviation of average GDP 

per capita led to a reduction of solid fuel use from 70% of households to 57% (McLean et al., 

2019).  

The ability for biogas to mitigate GHG emissions and reduce environmental degradation also 

depends on whether a household owns livestock. Additionally, biogas digesters used to power 

household appliances require a substantial upfront investment that can range from $100 to 

$1,000, depending on size, making them unaffordable for many rural households (Energy Access 

Outlook, 2017). As government incentives for increasing clean energy are associated with a 

lower reliance on solid fuel use, developing programs that provide financial support to rural 

households is critical (McLean et al., 2018). 

Livestock’s role in serving as a source for modern energy supports the global initiatives of 

improving environmental sustainability and suppressing food insecurity. One notable advantage 

of biogas is that it does not compete with food for human consumption, a distinguishing factor 

relative to biofuels sourced from crops. Biogas is also not associated with deforestation attributed 

to land clearing for crop production. The use of biogas sourced from livestock as an energy 

source is considered a practice that can go on to serve a role in manure management, containing 

animal waste that may otherwise run the risk of contaminating rivers and water sources 

(Kemausuor et al., 2018). Relative to traditional biomass coal, kerosene and liquified petroleum 

gas, biogas is a highly-available, low-cost fuel with a greater capacity for improving gender 

equality and the environment (International Energy Agency, 2017).  

Women’s Empowerment and Gender Equity: Byproducts of Livestock Production  

In the context of the SDG framework, empowering women and increasing gender equality 

promotes economic growth and productivity. At the household level, income derived from 

livestock provides support for increasing access to a viable food source, improving household 

food security. Livestock ownership leads women to exercise a greater level of discretion in 



   
 

   
 

household and on-farm decision making (Bain, et al., 2018). Literature has also shown that 

women are more likely to control livestock compared to other production factors that rely on 

more land ownership, such as plant production (Galie et al., 2019). Within developing countries, 

290 million women rely on livestock as a source of income, and the increasing global demand 

for protein has created an inlet for women to contribute to the livestock industry (UN FAO, 

2018).  

In addition to income derived directly from livestock, the byproducts of livestock production aid 

in empowering women. Clean energy sourced from biogas can serve to increase the efficiency of 

work done by women on the farm in the household. The concept of time poverty is particularly 

prevalent in developing countries (Bain, et al., 2018). In Sub-Saharan Africa. The long hours 

worked by women leave little time for them to engage in leisure activities or get enough rest 

(Bain, et al., 2018). On average, women spend 1.4 hours collecting wood for fuel and four hours 

cooking per day (International Energy Agency, 2017). Eliminating the need to collect solid fuels 

using biogas reduces the time burden disproportionately placed upon women in the household 

(UNCTD, 2017). Introducing cooking appliances powered by biogas can maximize efficiency of 

food preparation (UNCTD, 2017). The time conserved as a result of using modern energy 

sources allows women to participate in educational opportunities and economic productivity, 

going on to support the international objectives of reducing poverty and ensuring access to 

quality education.  

The overall role that livestock plays in empowering women, increasing the use of clean energy, 

alleviating poverty and promoting economic growth must be considered when assessing a shift 

toward plant-based diets. The reduction of livestock out of environmental and health 

considerations will have implications for the well-being of those who rely on livestock in 

supporting their livelihoods, and disproportionately so for rural households.  

 

Climate and Natural Resources 

World-wide there needs to be a sense of balance between our precious natural resources, 

renewable and nonrenewable. Mitigation of our own anthropogenic effects to reduce stress on 

the environment is vital to this sense of balance. Specifically, this section will focus on a 

livestock perspective that explores the implications of transitioning to a plant-based diet and how 

that would affect our agroecosystems. Food and energy need to be produced in a sustainable way 

to feed the growing population and avoid destroying the natural environment and its components 

such as soil, the most important medium to growing plants for food for animal and human 

consumption. 

 

Water Use  

Diets comprised of reduced animal sourced food consumption and increased fruit and vegetable 

consumption have been introduced as a means for reducing environmental degradation (Willett 

et al., 2019). Agricultural production consumes 70% of the world’s freshwater supply, of which 

30% is attributed to livestock production (UN FAO, 2018). The growing global demand for 

protein will be associated with increased water use for livestock production, and the need to 

produce more food using less resources is prevalent. Exploring the dichotomous relationship 



   
 

   
 

between livestock production and environmental degradation is critical for considering the 

implications for environmental sustainability associated with various diets.  

In the context of water use, it is necessary to consider the classes of water when measuring the 

water footprint associated with agricultural production. Blue water is comprised of surface and 

groundwater, while green water is the amount of water that is evaporated or consumed by plants 

during the production process. Green water comprises the largest portion of the water footprint 

attributed to agricultural production (Vanham et al., 2013). Milk and meat products contribute 

the highest to the agricultural water footprint (Vanham et al., 2013). However, animal sourced 

foods collectively do not disproportionately consume high levels of water relative to plant-based 

foods (Vanham et al., 2013). 

In the European Union, the southern zone produces large amounts of vegetables and fruits while 

it imports meat, milk and cereals. The northern zone relies on imports of vegetables and fruits 

while it exports meat, milk and cereals. Climate change is projected to increase demand for water 

supply throughout the world, and in the EU, production activities relying on water use will shift 

from Southern to Northern Europe (Vanham et al., 2013). As climate change is increasing the 

scarcity of water on a global scale, this will have implications for advancing the sustainable 

intensification of livestock production while looking to increase consumption of plant-based 

diets.  

Comparing the use of energy, water, fertilizer and pesticides associated with a variety of meat 

and plant-based diets, results indicate that beef has the lowest efficiency rate of these inputs 

(Marlow et al., 2014). Low animal product (LAP) diets, characterized as consumption of less 

than one serving of meat per week, would use 515,273 kJ less energy, 9,677 g less fertilizer, 294 

g less pesticides and 533,102 liters less water than that of high animal product (HAP) diets – 

consumption of more than one serving of meat per week inputs (Marlow et al., 2014). In the 

referenced study, energy use for plant commodities was defined as joules consumed per kg of the 

food product produced (Marlow et al., 2014). Compared to diets that include animal sourced 

foods, a vegetarian diet demonstrated the ability to have a reduced impact on land use, climate 

change and freshwater eutrophication. However, water use was associated with similar rates 

across both plant-based diets and diets containing animal sourced foods (Tuomisto, 2018).   

Trade-offs still exist among diets that are labelled as more environmentally sustainable (Green et 

al., 2018). Though the introduction of sustainable diets bears in mind a win-win scenario that 

supports human health and the environment, shifting toward diets with reduced red meat 

consumption may be associated with a greater degree of environmental degradation (Tuomisto, 

2018). For example, though wheat-based diet patterns and diets comprised of rice and fruits 

reduce per capita emission of GHG, the diet composition would increase the blue and green 

water footprints (Green et al., 2018). Increases in energy use and expansion of the blue water 

footprint have been attributed to an increase in fruit, vegetable and dairy consumption (Vanham 

et al., 2013). It is also important to consider the role of integrated crop-livestock production in 

mitigating environmental degradation. Crop and livestock systems working in tandem are 

associated with increased fertility of soil and productivity while also mitigating water use 

attributed with livestock production (Thornton, 2010). As certain commodities central to 

proposed sustainable diets are attributed with increased impacts on the environment, it is 

important to retain a focus on solutions for reducing water use and environmental impacts 

associated with livestock production.   



   
 

   
 

Factors of globalization, increased urbanization, and rising incomes in India and other countries 

have led to increased consumption of animal products and sugary foods while decreasing 

consumption of cereals and pulses (Harris et al., 2017). Overall, the environmental benefits 

attributed to the introduction of a plant-based diet was mitigated by increase in water use 

associated with production (Milner and Green, 2018). Increases in the use of water, cropland, 

pesticides and fertilizers had the greatest negative impact on the environment in low income 

countries (Milner and Green, 2018). This demonstrates that the ability for plant-based diets to 

improve environment and nutrition depends on where the diet is being implemented,  

 

Greenhouse gas emissions  

When comparing plant-based versus livestock-based diets in terms of nutrition and sustainability, 

Springmann (2016) found that if there was a 56% reduction in meat consumption and 25% 

increase in consumption of a vegetable based diet, food related emissions would decrease by 29-

70% if their Healthy Global Diet change scenario was considered (Springmann, 2016). This 

study accounted for specific factors relating to health such as changes in consumption of fruits 

and vegetables and red meat. They connected these factors to the environmental aspect, 

specifically greenhouse gas emissions from an LCA perspective excluding emissions as a result 

of land use change and post farm activities. By calculating the environmental impacts of 

different dietary scenarios, along with using commodity specific factors that correlate to GHG 

emissions, they arrived at the conclusion that the reduction in livestock and increased in plant-

based diets would decrease emissions. However, this shift to a more plant-based diet would only 

stabilize the food production-related emissions. The U.S. Energy Information Administration 

projects that by 2035 there could be significant increases in other sectors of greenhouse gas 

emitters such as transportation, electricity, and industry (U.S. Energy Administration, 2016). It 

could be argued that an increase in plant-based diets could also result in increased use of fuels 

such as fossil fuels and natural gas. This would be because of an increased need for fuel in 

certain aspects of crop production such as fertilizer, and pesticide production and the use of on 

farm machinery based on the emission data presented (UN FAO, 2017) However, another side of 

the argument is that more biomass covering the land (e.g. increase in crop production) could aid 

in sequestering additional carbon from the atmosphere from all other sources (Lemus and Lal, 

2005). Livestock are also vital in the growth cycle of grasslands that can't be used for crop 

production. By keeping these marginal lands for grazing instead of converting them to crop 

production, these lands can be used more sustainably to feed livestock. Additionally, livestock 

are an important tool in the growth cycle of grasses and other vegetation which can prevent 

erosion. This thick vegetation can also act as a sponge for the water cycle due to the grass roots 

and other biomass in the soil that increases the water holding capacity as well filter nutrient 

leaching (Russell and Bisinger, 2015). 

Greenhouse gas emissions are complex. The collection of different gases created from numerous 

chemical processes contribute to the atmosphere in different ways. There are three main 

greenhouse gases of interest; carbon dioxide (CO2), Methane (CH4), Nitrous Oxide (N2O) and 

fluorinated gases (EPA, 2019). There are 4 categories of fluorinated gases; hydrofluorocarbons, 

perfluorocarbons, sulfur hexafluoride and nitrogen trifluoride (EPA, 2019). Fluorinated gases are 

produced from processes for use as refrigerants, as a byproduct of aluminum production, and are 

emitted during the production of manufacturing products like refrigerators and air conditioners 



   
 

   
 

(EPA, 2019) They continue to be emitted through the products life. They are unlike the other 

greenhouse gases, fluorinated gases come from only human related activities and have no natural 

origin (EPA, 2019). These greenhouse gases are measured by global warming potential; how 

much heat they can trap relative to one ton of carbon (Figure 8).  

Carbon dioxide (CO2) for example, is a product of the carbon cycle, a natural process. The 

carbon cycle occurs between the atmosphere, terrestrial land and the ocean. Carbon is a natural 

component of living things. When organisms die, the carbon is emitted back into the atmosphere 

as CO2 after being consumed by animals which digest the carbon absorbed by plants. CO2 is 

sequestered in forests and biomass as well as the ocean, the largest carbon sink. (UCAR, 2007). 

Concerns with CO2 emissions arise when more carbon is emitted to the atmosphere than is 

sequestered. The established threshold value of 400 ppm CO2 signifies the approximate amount 

of carbon can be held in the atmosphere before the temperature rises to a concerning number of 

global surface temperature Celsius (NOAA). The global average CO2 concentration in the 

atmosphere is currently at 410 parts per million. It surpassed the threshold of 400 ppm in 2015 

(National Oceanic and Atmospheric Administration, 2019). Emissions are not coming from just 

one source, they come from transportation, the combustion of fossil fuels, decomposition of 

organisms in the soil, livestock manure and enteric digestion, and factories as well (EPA, 2019). 

CO2 emissions must be measured at a comparable rate (e.g. parts per million) to be able to 

implement mitigation options. CO2 is one of the greenhouse gas emissions of most concern 

because of its abundance in the atmosphere. About 76% of greenhouse gas emissions are 

attributed to CO2 (Figure 8). Total CO2 emissions attribute approximately 5.8 % to agriculture 

production (livestock and all other agricultural activities) (EPA). Livestock contribute to CO2 

emissions through their role in the carbon cycle. When they consume fibrous feed and grasses, 

they deposit carbon through their manure and exhalation that is then reabsorbed by plants. 

(Schmitz et al. 2019). In terms of other greenhouse gas emissions relating to livestock 

production, methane (CH4) is another major contributor especially from livestock production. It 

traps 25 times more heat per molecule (GWP) than carbon dioxide over 100-year period 

(Solomon, IPCC Vol. 4, 2007). 

 

Approximately 40% of CH4 is sourced from natural processes and about 60% is sourced from 

human induced processes such as livestock production, cattle manure and application of manure 

to fields for fertilizer, and rice paddy fields (WEF, 2015). When emitted to the atmosphere, CH4 

is only present for around 10 years and is destroyed by chemical processes in the atmosphere 

such as CH4 reaction with naturally occurring hydroxyl groups present in the atmosphere to then 

produce CO2 and water vapor, thus more CO2 is created with the destruction of methane in the 

atmosphere. (Holmes et al., 2013) However, CO2 can stay in the atmosphere for approximately 

1,000 years. This is why CO2 is one of the GHG’s that is of rising concern (EPA, 2019). 

Mitigation options for CH4 and CO2, differ. Methane gas emission controls for livestock include 

diet changes for livestock and feeding them more specific types of feed that will lower their 

emissions. (Sejian and Naqvi, 2012) Additionally, with the use of livestock manure for fertilizer, 

anaerobic digestion and use of the gas for an alternative energy as well as direct injection of the 

liquid manure can also reduce methane emissions into the atmosphere. (Van Dingenen et al., 

2018)   

 

Nitrous oxide is a greenhouse gas that is principally emitted both directly and indirectly into the 

atmosphere. N2O is directly administered by being added to the soils through synthetic and 



   
 

   
 

organic nitrogen fertilizer applications for crops such as corn, lettuce, spinach and various 

grasses. It is also released into the atmosphere by manure application and storage as well. 

(CAST, 2011). Nitrous oxide is also of concern because it contributes a large amount of air 

emissions from activities such as fuel combustion, agriculture and waste management (EPA, 

2019). A more environmentally friendly way to obtain nitrogen for these plants is by using 

nitrogen fixing plants such as legumes. The ability for legumes to fix nitrogen by converting it 

from NH2 to NH3 is beneficial because NH3 is the version of nitrogen that plants can absorb and 

use. (Mus et al. 2016) Nitrogen fixing in legumes occurs through a symbiotic relationship with 

rhizobia bacteria that live on the plants root nodules. This is where crop rotations between corn 

and soybeans, for example, come in to play when trying to reduce the amount of N fertilizer 

applied (Adesemoye et al., 2009). Like CO2, N2O also is part of a natural process. This process, 

the N cycle, contributes natural emissions of nitrous oxide as a result of bacteria breaking down 

nitrogen in soils and oceans or by microbial decomposition of manure. (CAST, 2011) According 

to the Environmental Protection Agency, nitrous oxide stays in the atmosphere for around 114 

years. Removal of N2O from the atmosphere is either by UV radiation, or photolysis, chemical 

reactions in the atmosphere when N2O reactions with oxygen atoms and light, the main nitrogen 

sink (EPA, 2019). In terms of nitrous oxide emissions from agriculture, the majority comes from 

synthetic and organic fertilizer application and burning of agricultural crop residues. The direct 

relationship that livestock have with nitrous oxide is using their manure as an organic fertilizer to 

provide nitrogen as a nutrient to the crops. This can also cause problems with runoff and 

leaching from the soil into streams from heavy rains and defecation sourced from cattle wading 

in streams (Won et al., 2017). N2O emissions can be mitigated by applying fertilizer more 

efficiently, including precision to determine the right time and place to apply fertilizer as well as 

improved manure management strategies. An example from a study on cost-effective 

opportunities for climate change in Indian agriculture suggests that options such as slow release 

fertilizer forms and nitrification inhibitors such as dicyandiamide (DCD) and 3, 4-

dimethylpyrazole phosphate, have the ability to reduce fertilizer induced emissions as well as 

reduce emissions related to fertilizer production and transport (Sapkota et al., 2019). Although 

recycling animal manure is an affordable way to fertilize crops, it can be considered a tradeoff 

when emissions are not controlled and mitigated with the efficiency and technology available 

today.  

 

Table 8: The table shows global warming potentials or how much heat each greenhouse gas can 

trap in tons, over a 100 period. 



   
 

   
 

 

Figure 9: This pie chart shows the greenhouse gases emissions in the atmosphere at a global 

scale (EPA, 2019) 

 

Livestock's role in greenhouse gas emissions 

The role that livestock has on the extent to which these gases affect the atmosphere depend on 

the amount and type of gas emitted based on various factors (Jacobson, CAST, 2011). For one, 

manure handling practices such as shortening storage duration and biogas capture for energy can 

reduce methane emissions associated with livestock manure (Gerber, PJ et al. 2013) 

Environmental conditions such as temperature also play a role in N2O emissions vary based on 

temperature and humidity at time of application of the fertilizer (Gerber, PJ et al. 2013). The 

operation infrastructure of the facilities and various types of facilities such as the barn ventilation 

rates, as well as housing and bedding type can also play a role in livestock related emissions 

from a management standpoint. Feed efficiency of the animals consuming the feed is important 

in how efficient they can convert feed to nutritional content. Factors like dietary composition 

impact emissions by the animal's ability to digest lignified and non-lignified fiber, sugars and 

starches. For example, one study examining strategies to reduce methane production found that 

methane emissions were significantly lower when the ratio of green sorghum and wheat straw 

fed to sheep was altered from 60:40 to 90:10 as well as improving digestibility if feeds that 

contain lignocellulose feeds with different treatments such as urea, or urea with calcium (Sejian, 

Naqvi, 2012). As we work towards more precise mitigation strategies and the reduction of herd 

size, these many factors must be taken into consideration. 

 



   
 

   
 

Greenhouse gas emissions in developing countries 

A 2012 review on climate change and food systems by the Annual Review of Environment 

Resources illustrated regional differences of sources of greenhouse gas emissions among 

developing regions and china and the US (Vermeulen et al., 2012). Figure 9 shows emissions 

from agricultural activities such as burning agricultural residues, rice cultivation (one of the 

world's most important staple foods), manure management, enteric fermentation from ruminant 

digestion, agricultural soil management and indirect emissions such as deforestation and land use 

change (Vermeulen et al., 2012). The graph shows that the situation in these countries varies 

based on location and status of development. In developing regions such as Latin America, Sub-

Sharan Africa and South and Southeast Asia the leading source of emissions is indirect emissions 

of deforestation and land use change. The next leading emitters are due to enteric fermentation 

from ruminant digestion, burning agricultural residues and agricultural soil management, 

respectively. One exception for Southeast Asia is rice cultivation, where most of the worlds rice 

production takes place. The contribution to methane emissions from global rice production is 

about 11% (Smartt et al., 2016). Some concerns that developing nations would encounter if 

transitioning to a plant-based diet could include further clearing of forest and deforestation for 

conversion of crop land, degradation and erosion from converting marginal lands to crop land 

and the impact livelihoods has on citizens that rely on livestock for income and labor (UN FAO, 

2018) 

 

Figure 9: Regional differences in sources of emissions from agricultural production 

 

Carbon capture in forests and pastures  

Carbon capture occurs when sinks such as forests, plants, soil and ocean absorb more carbon 

than they emit. Each of these carbon sinks are in jeopardy of rising above threshold levels due to 

issues such as degradation and erosion of soils, removal of forests for urban and agricultural use 

and hypoxic zones of the ocean. If there were to be a transition to a plant-based diet, it is 



   
 

   
 

estimated that about 684.9 million Ha of the 2 billion Ha of land previously used by livestock 

could be converted to crop production (Mottet et al., 2017) Through this small percent though, it 

would have to be allocated toward crops with increased protein to make up for the protein lost by 

reduced consumption of meat (Lynch et al., 2018). The potential increase in crops to aid in the 

growing interest in plant-based diets could have the ability to sequester more carbon in 

significant amounts (Zomer et al, 2017) However, this could also hinder the natural cycle that 

livestock are a part of, including the growth cycle of grass and aiding promoting new grass 

growth (Lima et al., 2019). In order to compromise this trade off, better implementation of 

agroforestry systems would benefit both livestock and crop production growth using both 

systems. One study shows that agroforestry is one exception of an agriculture production system 

that has a net carbon sequestration effect especially when implemented to restore degraded land 

(Vermeulen et al., 2012) 

Livestock such as ruminants have long been a part of the earth's ecosystem, including its nutrient 

flows and organic cycles (UN FAO, 2018). The large increase in greenhouse gas emissions 

appeared with advancement of human technology. The use of fossil fuel to run combustion 

engines and factories are correlated. In addition, the increase in size of livestock herds also have 

been proposed to contribute to the issue. Previously, before major industrialization, livestock and 

the various greenhouse gas emissions they contributed to the environment was and still part of a 

natural cycle such as the carbon and nitrogen cycle. Transitioning to a plant-based diet and 

reducing meat, such as beef, from the human diet would have major implications on nutrition 

and land use. As there are sustainable efforts to reduce emissions related to livestock, there is 

also room for improvement in other sectors such as transportation and industrial centers. 

Livestock plays a role in the natural ecosystem services of the earth and can be regulated to 

mitigate their effects on the environment by controlling herd size. It is important to take a multi 

stakeholder approach when analyzing and mitigating effects of greenhouse gas emissions as they 

are not just sourced from one industry. In an issue paper titled Air Issues Associated with Animal 

Agriculture, authors state that the U.S. transportation sector accounts for 26% all GHG emissions 

versus 3 to 4% from livestock (Pitesky et al. 2009a. USEPA, 2009b). Clearly stated, mitigation 

efforts should not just be focused on one sector of livestock or transportation, it should be an 

effort in all sectors to reduce GHG and extend the longevity of mitigation efforts in order to 

reduce the global temperature.  

 

Conclusion 

A shift to plant-based diets around the world presents a platform to address complicated 

synergies and tradeoffs. In examining such a shift through the GFFA framework, this report 

concludes that no single solution exists to answer the question: Should society shift to a plant-

based diet? This question must be answered on a regional and ongoing basis, considering each of 

the 4 areas of the GFFA framework. However, there are a few key messages that can be derived 

from this report. 

Food and Nutrition Security 

Shifting society to a plant-based diet brings about health benefits, as well as challenges. With 

climbing rates of overweight and obesity, plant-based diets combined with appropriate lifestyle 

changes can reduce the prevalence of both weight concerns and non-communicable diseases. The 



   
 

   
 

tradeoff is in micronutrients and risk of nutrient deficiencies. Many nutrients found in meat 

cannot be easily replaced with those found in plant sources due to bioavailability or nutritional 

composition. Animal-derived protein provides a higher-quality source of nutrients, but overall 

less calories to the consumer. Education and informed eating choices would be essential in order 

to successful implement a plant-based diet shift.  

Plant-based diets also bring challenges in food security through food waste increases. Meat is 

commonly not wasted due to high value and taste preference, but at all levels of the food 

production system, plant-sourced foods are wasted since they are less expensive and less 

preferred by much of the developed world. In the discussion about food vs feed, on a protein is 

quality basis is more efficient but provides food to less people than if the food is directly 

delivered. 

Animal Health and Welfare 

In the case of zoonotic disease, prevention of the disease in livestock is often more effective than 

treating the disease in human populations. Zoonotic diseases will still pose a threat to humans, 

even in the absence of livestock. Further, diseases pose threats to both livestock and plant life. 

With historical evidence of intensive monocropping from rice in the 1960s, one can expect that a 

shift to producing largely plant-based foods for human consumption could follow the same trend. 

Narrowing the genetic variance in a population, however, makes that species more susceptible to 

elimination due to disease, once again based off historical evidence from the Irish potato famine. 

Understanding the interactions between pathogens and hosts, as well as the impacts human 

intervention has on crop agriculture systems, will be critical to creating safe diversified farming 

systems to supply the population with secure, reliable sources of food in a plant-based diet 

system.  

Livelihoods and Economics 

While literature is conflicting, current economic data suggest that fruit and vegetable products 

that would become a staple for plant-based diets are commonly sourced from developing 

countries and regions of the world due to production patterns and climate suitability. Given this 

evidence, we conclude that a dietary shift in developed countries would equate to faster 

economic growth in developing countries.  

To ensure that synergy takes place, however, governments are critical to establishing and 

maintaining equitable trade agreements, particularly with the LDCs. Creating mutually-

beneficial partnerships between countries will contribute to global peace and stability, in addition 

to working toward global food security and overall economic development. Government also 

plays a role in shaping the new employment landscape with up to 1.3 billion livestock-dependent 

workers finding new gainful employment that matches their education and skillset. Finally, 

government’s role will be in ensuring fair consumer pricing that ensures producers make a 

decent living wage, but the average consumer can still afford to eat a nutritious diet. These roles 

are not all-encompassing but lay a foundation on which policy-makers should focus their efforts 

if a plant-based diet shift is to occur.  

Increasing market access is critical for increasing productivity efficiency and economic growth, 

particularly for smallholder farmers totally 600 million people across the globe. Livestock serve 

as a vehicle for transporting agricultural goods to market, and they also contribute to decreasing 



   
 

   
 

poverty and food insecurity as a result of economic growth. A reduction of livestock production 

will have implications for achieving sustainable development on a global scale. 

Livestock are also associated with valuable services and products beyond a source of nutrition 

and income. Biogas produced from livestock manure is a clean form of energy that increases the 

efficiency of household activities that have relied on traditional biomass. This serves to benefit 

women who are faced with time burden, supporting increased gender equality. Additionally, 

biogas use is a method for decreasing solid fuel use associated with increased environmental 

degradation. The diverse products and services sourced from livestock play a central role in 

supporting sustainable development and livelihoods.  

Climate and Natural Resources 

Climate is a common motivator for many plant-based diets advocates. Since methane is among 

the most potent GHGs and is commonly emitted by livestock, it is easy to understand this idea. 

This review, however, found that reducing livestock-related emissions and shifting to a plant-

based diet would increase emissions of carbon dioxide and nitrous oxide, both potent GHGs. 

Additionally, not all of the land made available by reducing livestock production would be 

suitable for crop growth. Even land that is suitable could be more heavily degraded by 

cultivation and chemical use than it is by livestock production in the current food system. 

Further, livestock play a critical role in nutrient cycling through consumption and excretion of 

carbon-containing plants and waste. This cycle cannot be adequately replaced by plant processes.  

Sustainably intensifying crop production comes with several tradeoffs in water use and 

biodiversity. In water use, no definitive conclusion can be drawn regarding which system would 

consume more water—crops or livestock as each commodity uses water in different ways. 

Additionally, intensifying yield increases cannot be done through a monocropping system. As 

evidenced by historical events and case studies, monocropping with a single cultivar makes a 

population vulnerable to disease which can lead to famine. With climate change leading to 

warmer winters, pathogens can survive year-round and infect crops earlier in their life and with 

higher lethality. Disease and pest management should be a focus of sustainable crop 

intensification in a shift to plant-based diets. 

Concluding thoughts 

The key messages from the GFFA framework can be used to guide further research into the 

feasibility of plant-based diets. An increase in the consumption of plant-based diets at the 

expense of reducing livestock production does not comprehensively fill the role of livestock in 

supporting food security and nutrition, livelihoods and economic growth, climate and natural 

resource use, and plant and animal health. Regional considerations should guide the plant-based 

diet shift, globally, considering all necessary cultural and environmental considerations. 
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