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Introduction
Because of the enormous projected growth in the human 

population, the United Nations has called for significant in-
creases in global food production to meet anticipated demand 
(Croney et al., 2018; FAO, 2021). Consumers are increasingly 
interested in learning about the food they eat, including where 
and how it is produced. What form that food should take, how-
ever, is increasingly the subject of public debate.

Protein derived from animals has figured prominently in 
human diets unless constrained by religious or other beliefs. 
Moreover, demand for animal protein has been demonstrated 
to increase as people in developing nations begin to experience 
greater prosperity (Delgado et al. 2003; Croney and Anthony, 
2014). This dynamic is unsurprising given scientific findings 
identifying the consumption of meat as a defining factor in 
the evolutionary development of the human brain (Burini and 
Leonard, 2018 and in this issue, Leroy et al., 2023) and the role 
that high quality, easily digestible protein plays in human growth 
and development (Klurfeld, 2018). Despite these benefits, in de-
veloped areas of the world where food security and access are 
relatively high, the ethical justification for meat consumption is 
increasingly challenged, resulting in polarized, highly conten-
tious discussions. Frequently cited ethical concerns relate to the 
rearing and killing of animals for food, animal quality of life 
in modern large-scale, intensive systems of production, and the 
related impacts on the environment and human health (Verbeke 
and Viaene, 1999; Baltzer, 2004; Botonaki et al., 2006; Croney 
and Anthony, 2014; Croney et al., 2018; Godfray, 2018).

For those for whom food security and accessibility are assured, 
these and other ethical dimensions of food production have be-
come more significant. Accordingly, some members of the public 
in food-secure nations have shifted to “ethical consumerism”, 
electing to purchase food products they perceive to be less socially 
and environmentally harmful (Croney and Anthony, 2014), while 
avoiding those not aligned with their values (Morgan et al., 2016). 
Evidence of such purchasing shifts was found by McKendree 
et al. (2014) who reported that 14% of U.S. consumers surveyed 
had reduced their consumption of pork by 56% on average be-
cause of animal welfare concerns. Siegrist and Hartmann (2019) 
reported that consumers who were more health conscious and 
those who perceived there to be high environmental impacts of 
meat were more likely to choose meat substitutes. Further, a 2020 
U.S. Gallup poll reported that 23% of Americans had reduced 
their consumption of meat, with ethical concerns such as those 
related to environmental and animal welfare impacts influencing 
their choices (McCarthy and DeKoster, 2020).

Several companies have taken note, resulting in significant 
investment and effort towards the development of plant-based 
alternatives to meat, such as Beyond Beef and Impossible 
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Meat products. The proliferation and marketing of these pro-
tein sources bolstered the arguments against the necessity of 
eating meat. Simultaneously, public sentiment relating to meat 
consumption in western countries appears to be increasingly 
influenced by social pressure exerted through the high volume 
of media (He J. et al., 2020), social media, scholars (Godfray 
et al., 2018), NGOs, and others who advocate for reduced or 
no meat consumption (de Boer et al., 2017). However, recent 
reports of the poor performance of alternative meat food offer-
ings, and in some cases removal from menus or dis-investment, 
strongly hint at issues of consumer acceptance (Olsen, 2022).

Although people in most countries continue to eat meat, the 
idea that vegetarianism is virtuous and morally responsible is 
being socially normed. The positioning of meat eating as less 
virtuous is reflected in studies reporting that those who eat 
meat appear to be less sensitive to animal and environmental 
concerns (Piazza et al., 2015). Further, it has been suggested 
that some meat eaters may adopt thinking that relieves them 
of any associated cognitive dissonance (discomfort created by 
behaving in ways that are inconsistent with one’s stated beliefs 
or values). In other words, people may develop strategies to 
reconcile having strong social and emotional bonds with ani-
mals, and salient knowledge about their sentience and cognitive 
capacities, while also eating them (Croney et al., 2004; Piazza 
et al., 2015). It is therefore not surprising that especially in the 
published literature, far fewer individuals and groups attempt 
to make, or succeed at making, compelling ethical arguments 
for eating meat. For those who try, their motivation and cred-
ibility may be called into question and the visibility of their 
work (and the related scientific basis for their arguments) may 
be relatively low. This hints at the current social and ethical 
challenges of defending meat consumption. Recent advances in 
biotechnology and cellular biology have added a new wrinkle 
to the discussion of using animals to produce food, perhaps 
further weakening the perceived case for continued meat pro-
duction and consumption.

Given changing consumer preferences and ongoing con-
cerns relating to climate change, environmental pollution, 
human health, and the eco-preservation of natural resources, 
including water, the moral case for meat must be revisited. 
A narrative outline of the scientific arguments for and against 
meat eating are insufficient to accomplish this goal. This paper 
therefore examines whether meat eating is ethically defensible 
using tenets of Campbell’s ethics assessment process (Campbell 
and Hare, 1997; Croney and Anthony, 2010), while considering 
the need for viable, sustainable sources of protein in developed 
and developing nations.

Moral deliberation About Meat 
Consumption: The Value of Ethical 

Assessment
Whether or not one should eat meat is inherently an ethical 

question. While science may help to inform the answers to such 
questions, science alone is insufficient to address them given 

their value-laden nature. Expanding the inquiry into whether 
meat eating, in general, should continue transforms the ques-
tion into one that has far-reaching socio-ethical implications 
for a greater number of diverse stakeholders. Under such cir-
cumstances, it is essential to ensure that the broadest group of 
impacts, interests, and values are accounted for and duly con-
sidered. Ethical accounting processes, such as that offered by 
Campbell and Hare (Campbell and Hare, 1997; Croney and 
Anthony, 2010), provide a means by which to incorporate rele-
vant factual information into decision-making about ethical 
questions. This approach facilitates deliberation rather than 
debate about the potential courses of action, culminating in 
an examination of the moral justification for a wider range 
of options than might otherwise be considered (Croney and 
Anthony, 2010). Moral deliberation is particularly important 
when the relevant scientific information available on the topic 
of interest is lacking to some degree or is ambiguous. In such 
instances, the values of the decision-makers may become the 
primary drivers of the solutions proposed. This creates the 
risk of unjustly disenfranchising many who might be impacted 
whose priorities and needs might be overlooked. Ethical ac-
counting therefore facilitates both inclusiveness and trans-
parency in decision-making that has significant social impact. 
Because the ethical justification for meat consumption holds 
both personal and societal implications, we examine the merits 
of the arguments using Campbell’s ethics assessment process as 
outlined by Croney and Anthony (2010). The process includes: 
ethical fact finding (review of all relevant scientific or factual 
information); uncovering of embedded values that may be in 
conflict; moral imagination (ideation about possible solutions 
through evaluating the quality of arguments for them and the 
degree to which each option addresses the social, ethical, scien-
tific, and economic concerns involved); and moral justification 
and testing of proposed solutions.

Arguments Against Meat Consumption
As previously stated, the ethical arguments against meat 

eating have been well detailed on the grounds of animal rights 
welfare (Singer, 1975; Regan, 1983; Francione, 2022), environ-
mental impact, and human health (Gunderson, 2015). Given 
the extensive reviews that argue for plant-based diets based on 
these concerns, this paper will not offer a retread of the pre-
viously published ideas. Readers are encouraged to examine 
the original publications to fully appreciate their influence on 
contemporary moral philosophy and public discourse about 
animal use. However, to facilitate moral deliberation, each of 
these areas of concern must be included in ethical accounting, 
requiring at minimum, a brief  synopsis of the moral consider-
ations they highlight.

A fundamental question examined within the areas of 
animal rights, welfare, environmental impact, and justice is 
whether eating animals does harm. Regan’s (1983) founda-
tional thesis unambiguously concluded that animals meet the 
conditions for having rights (i.e., they are subjects of lives, they 
have inherent value and preference autonomy) and therefore 
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they cannot be used as mere means to an end (in this case, 
food). Depriving animals of their lives is the ultimate harm. 
Singer’s (1975) seminal work arguing that animals are sentient 
beings capable of suffering, and that human uses that cause 
them suffering cannot be justified clearly applies to the rearing 
and killing of animals for food. The sentience of animals and 
its relationship to animal welfare is scientifically supported 
and has been formally recognized by the World Animal Health 
Organization (OIE, 2017). Further, while numerous studies 
on the welfare of farmed animals have attempted to evaluate 
and identify ways to minimize distress, pain, and suffering they 
may experience from rearing to death, it is currently impossible 
to entirely avoid such negative states (Dawkins, 2016; CAST, 
2018). As such, some harm (beyond death) is inevitable.

Likewise, scholars focused on environmental impact have 
linked meat production with degradation of ecosystem quality, 
including air, soil, and water quality, and depletion of re-
sources, such as water and land (De Vries and De Boer, 2010; 
Ernstoff  et al., 2019). Relatedly, environmental justice, which 
aims to ensure that environmental hazards and their health ef-
fects do not disproportionately impact communities that are 
already disadvantaged (for instance as a result of minority or 
lower socio-economic status) have suggested that meat produc-
tion and consumption indeed causes such harms (Gunderson, 
2015). Recently, Chamanara et  al. (2021) reported that in a 
study of a major retailer’s supply chain in California, commu-
nities living near feedlots were predominantly lower income 
Latinx who experienced high levels of air pollution and sig-
nificant health problems related to poor air quality, such as 
asthma and heart disease. Similar arguments are advanced by 
Hull et al., (2023) who suggested that because of the animal, 
environmental, and human-health impacts of meat eating, 
the medical profession may be morally obligated to promote 
plant-based diets.

Values that are embedded within each of these areas of 
ethical concern include protecting others from harm, benevo-
lence (doing good), justice, and fairness. However, especially in 
the case of the animal rights and welfare arguments, a single-
dimension problem focus emerges that prioritizes the inter-
ests of a rather limited set of stakeholders (animals). This is 
unsurprising given that the related philosophies were advanced 
specifically to center animals as subjects of moral concern. 
Nonetheless, in the context of contemporary global decision-
making about food choices, the limited scope of primary stake-
holder consideration inherent to such philosophies presents a 
problem for ethical decision-making. Significant ethical con-
cerns are raised when public discussions about abandoning 
meat production and consumption do not adequately con-
sider the broadest group of stakeholders, including people 
with lower income status and others who might be directly im-
pacted. Such concerns are exacerbated when proposed alterna-
tives fail to address valid socio-ethical, scientific, or economic 
concerns about moving to a solely plant-based diet, or when 
the solutions offered cannot yet be practically and equitably 
implemented. Moreover, in presenting the antimeat arguments, 
animal, environmental, and human interests are often framed 

competitively, though all of these must be balanced to achieve 
just, accessible, sustainable food systems.

Arguments in Defense of Meat
Arguments in support of meat consumption are noticeably 

scant and are therefore more detailed in this paper. First, the 
historical and cultural significance of eating meat cannot be 
overlooked. Meat consumption is closely linked with human 
co-evolution with animals, and throughout history and across 
diverse cultures, social gathering has often incorporated the 
sharing of meat (Monteiro et  al., 2017). Some have even ar-
gued that the cooperation required to procure meat and the 
act of sharing it despite its scarcity in early human evolution 
contributed to the development of human morality (Mameli, 
2013; DeBacker and Hudders, 2015). However, arguments 
based on tradition are far less compelling when we consider 
how knowledge, values, and related beliefs have evolved over 
time, resulting in reduced social acceptability or abandonment 
of many other long-held traditions and practices.

Proponents of keeping meat in the diet often point to the 
historical or anthropological record of meat eating by humans, 
thus, implying its “naturalness,” and the nutritional benefits 
associated with meat consumption are often cited in support 
of it. Though these points are scientifically accurate, alone, 
they present inadequate moral arguments. First, given the de-
gree to which today’s livestock and poultry have been altered 
through genetic selection and newer developments in genetic 
engineering (Croney et al., 2018), “dietary naturalness” argu-
ments for commercially produced meats may be questionable 
to some. The nutritional value of meat makes for a stronger 
case (Klurfeld, 2018) as the current generation of plant-based 
meat alternatives still lack equal nutrient value with meat, 
such as vitamin B12, zinc, and protein (Harnack et al., 2021). 
However, if  new alternative protein sources derived from cell-
based technologies can offer the same or equivalent benefits, 
this argument may be undermined.

Though the case against meat heavily emphasizes the nega-
tive environmental and ecological problems created by meat 
production, there are important and inadequately examined ra-
tionales to support meat consumption in these same domains. 
For example, proponents of regenerative agriculture (Rowntree 
et al., 2020) have argued that there are significant global limits 
to arable land for growing crops for protein purposes. This pre-
sents very real challenges for those who reside in geographic 
regions with little to no arable land, which constrains adop-
tion of a primarily or purely plant-based diet. Few philosoph-
ical arguments in favor of eliminating meat from human diets 
engage this concern or offer practical, affordable solutions for 
those impacted. Further, in many such regions (and in other 
parts of the world), there is an availability of grasslands that 
support grazing ruminants. Through the use of regenerative 
grazing practices, there are significant eco-benefits derived, 
including improvements to soil health, promoting greater CO2 
sequestration, reduction of greenhouse gases, restoration of 
biodiversity, and production of high-quality protein for human 
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consumption (see Spratt et al., 2021 and elsewhere in this issue, 
Thompson et al., 2023).

Relatedly, an argument for meat eating that connects both 
to ecological and animal welfare considerations is that a diet 
that includes some consumption of grazing animals may cause 
less harm relative to total numbers of animals killed than one 
that is vegan (Davis, 2003). Davis argued that the intensive 
cropping systems required to produce vegan diets potentially 
lead to the death of 1.8 billion field-dwelling animals. Because 
pasture-forage production systems that support grazing ani-
mals require less harvesting with equipment such as tractors 
that kill field animals, Davis speculated that less use of such 
equipment would cause fewer field animal deaths. Even after 
considering the number of ruminant animals that might be 
killed for human consumption in a hybrid plant per ruminant 
diet, Davis estimated that it would still be fewer (1.42 billion) 
than those lost due to vegan diets. Consequently, he concluded 
that based on Regan’s (1983) Least Harm Principle, people may 
be morally obligated to consume at least some meat to reduce 
the overall harm done to animals.

Given the vast amount of arable land that would be neces-
sary to support vegan diets for all humans, it could be argued 
that such a diet is neither practical nor ecologically sustain-
able, further supporting a partially meat-based diet as ethic-
ally defensible. However, to date, few philosophers, and others 
in favor of vegetarian and vegan diets have seriously engaged 
this point or Davis’ (2003) arguments. Archer (2011) later at-
tempted a similar argument as Davis based on estimated 
animal field deaths in Australian cropping systems. However, 
Archer’s claims were challenged by Fischer and Lamey (2018), 
who questioned the basis for his (2011) calculations. They also 
rejected Davis’ (2003) arguments despite noting that he might 
have underestimated field animal deaths. They concluded that 
deriving robust estimates of field deaths is difficult due to the 
variety of animals affected and suggested this challenge as 
a plausible reason for the lack of engagement on this topic. 
Nonetheless, they raised the argument that technological in-
novation might be able to significantly reduce the deaths of 
field animals and that such pursuits are critical to ensuring 
humane food choices. Interestingly, an identical argument can 
be made for those seeking to support meat consumption while 
also being mindful of the need to mitigate harm caused to ani-
mals. Though one might argue that the morally salient differ-
ence is intention to kill, the effect on the animals themselves 
is ultimately what matters if  indeed animal welfare, sentience, 
and protection from harm are high priorities in deliberations 
about the morality of meat consumption.

Thompson (2021) states that there has been a failure by 
philosophers engaged in animal ethics to provide guidance 
to the animal agriculture community that could facilitate im-
provements to farm animal welfare. He refers to this failure as 
the “vanishing ethics of animal husbandry”, and claims that 
a “structural narcissism” has descended on the philosophers 
who have dominated discussions about livestock and poultry 
production. Instead of answering the more difficult questions 
posed by modern animal husbandry practices, they instead 

offer “oversimplified and rhetorical overstatements” of the 
practices used in livestock and poultry production. Thompson 
sees this abandonment by animal ethicists as a missed oppor-
tunity to contribute to practical solutions.

Building on Thompson’s (2021) observations, in philosoph-
ical debates about the merits of  meat consumption, the effects 
of  shifting primarily to plant-based protein sources on local 
communities and ecosystems, especially in developing coun-
tries, are often inadequately explored. In Bolivia, for instance, 
where quinoa (and llamas) are major agricultural commod-
ities, Jacobsen (2011) reported that the rapid growth in de-
mand for the plant resulted in intensive cultivation practices 
in parts of  the country that led to land degradation in some 
areas, loss of  grazing areas for llamas, and shifts in Andean 
farmers’ diets to less nutritious food sources. Here, priori-
tization of  the demands, and values of  the affluent may have 
resulted in unintended negative consequences requiring scien-
tific, technological, and educational interventions even though 
there were economic benefits for Indigenous people. These 
outcomes underscore the need for deliberation that is inclu-
sive of  all stakeholders and facilitates an envisioning of  the 
consequences of  shifting to plant-based diets that meet human 
protein requirements before attempting to advance such trans-
formational food agendas.

Finally, in contemporary discussions about meat eating, 
there is often insufficient focus on retaining the broadest array 
of  dietary options given the diversity of  needs and ability to 
access food that currently exists globally. It is important to re-
member that in many parts of  the developed and developing 
world, undernutrition, and inability to access sufficient pro-
tein remain ongoing problems for numerous people, espe-
cially women and children. For example, the World Health 
Organization reported that 149 million children under the 
age of  5 are stunted due to malnourishment and have a 
45% death rate attributed to the same cause (WHO, 2021). 
Micronutrients including iodine, Vitamin A  and iron were 
singled out as deficiencies of  global concern. While there are 
good reasons for deliberating about our eating habits and 
those of  others, it is easy to forget that in both developed 
and developing nations, many people do not have the luxury 
of  choosing their diets (elsewhere in this issue, Ederer et al., 
2023). Access to adequate food is a well-established human 
right (United Nations, 1999) Therefore, any related moral 
reasoning exercise should consider whether it is just to deny 
others access to high quality and digestible protein foods, like 
meat, which could alleviate poor nutritional status, especially 
for those who subsist on foods of  inadequate quality and low 
nutritional value. This is not to say that we should overlook 
or diminish the diverse concerns associated with meat con-
sumption. Rather, we should be careful to avoid moral and 
cultural imperialism and the stigmatizing of  others in discus-
sions about what constitutes “good” food choices. The obli-
gation to meet the needs of  the growing global population for 
food suggests it may be ethically problematic to reduce rather 
than increase the number of  options available to people who 
want and need high quality protein.
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Is Cultured Meat a Viable Alternative?
Given the ethical and social responsibility concerns related 

to traditionally produced meat products, it should come as no 
surprise that innovation in science and technology has been 
looked to for solutions. Scientific developments in stem cell 
harvesting and in vitro technology have resulted in the suc-
cessful production of laboratory-grown meat (Post, 2014; Post 
et al. 2020). Cultured meat shows promise to attain a biological 
and nutritional equivalency to traditionally harvested meat 
that plant-based substitutes have yet to achieve. The scientific 
advancements and benefits related to cultured meat are out-
lined elsewhere in this issue (see Wood et al., 2023).

However, cultured meat, while perhaps offering a means 
by which to assuage several ethical challenges, may not be the 
panacea that some envision. Lab-grown meat production still 
requires animals as a resource for the harvest of stem cells. The 
conditions under which animals might be maintained and the 
procedures to which they might be subjected for cell harvesting 
warrant as much scrutiny relative to their impacts on animal 
welfare as does traditional farming (Croney et al., 2018). Thus, 
some concerns about the welfare of animals reared and killed 
for meat, may be addressed with cultured meat, but they are 
not entirely erased. In addition, key stakeholders, such as 
ranchers, who might be displaced or disenfranchised by a shift 
to cultured meat, should be thoughtfully considered in moral 
deliberation about this potential option. Far too often, philo-
sophical arguments dismissively suggest that ranchers should 
“simply find new jobs”. This level of disregard de-prioritizes 
ranchers and others directly impacted by conclusions that meat 
consumption should be readily abandoned. This is inconsistent 
with the notion that moral deliberation should consider the 
interests of all stakeholders, while transparently prioritizing 
values and properly accounting for those who are adversely im-
pacted by the resulting decisions.

In short, though cultured meat is very likely to address 
many of the ethical problems associated with farming animals 
for meat, new challenges may emerge that are unlikely to be 
easily addressed. Further consideration must also be given to 
consumer acceptability (which cannot be presumed) and the 
impacts of such technological innovation on developed and 
developing nations with diverse cultural backgrounds, prefer-
ences, values, and resources.

Conclusions
Whether and to what extent meat consumption should con-

tinue into the future is open to debate. Consumer perceptions 
studies conducted in developed nations suggest that moving 
forward, people will continue to eat meat, though it is likely 
that the frequency and amount of meat eaten may decline 
depending on individual demographics, knowledge, and values 
relating to animals, the environment, and human health. The 
debate about whether meat consumption is ethically defens-
ible, though, remains. Though the available scientific informa-
tion is equivocal in some areas, as previously outlined, meat 

production does entail harm to animals and has significant 
implications for environmental and human health. However, 
there is also harm in entirely abandoning meat consumption 
at this point in time, not just for human health, but for food 
equity, justice, and economic viability for diverse stakeholders, 
including many of the most vulnerable in society. A  purely 
plant-based diet is not feasible for all given constraints on 
arable land, and the economic and environmental costs of 
importing foods into such regions would introduce or exacer-
bate food security and access issues. Furthermore, plant-based 
diets clearly contribute to harming vast numbers of field ani-
mals whose lives and interests matter as much as animals raised 
for agricultural purposes. Whether or not the average person 
has a personal connection to field animals and related invest-
ment in their protection is irrelevant if  indeed animal rights 
and welfare are deemed important enough to be factored into 
ethical assessment of our dietary choices. To argue otherwise 
is logically and morally inconsistent.However, to deprioritize 
human rights to food today (especially considering the urgency 
of meeting global protein needs)  in favor of animal rights and 
current and future environmental protection is neither defens-
ible nor necessary. Instead, alternatives that better protect ani-
mals, people, and the environment from foreseeable, avoidable 
harms should be explored. We therefore support the ideas of 
Shannon et al. (2015) who suggest taking the approach of com-
bining “the principles of human rights and the values of public 
health with an agroecological perspective”.

How might this occur? Meat industry members and stake-
holders should deliberately and thoughtfully engage the ar-
guments against meat eating. This must be done not just with 
rhetoric (although effective communication with the public 
should always be a priority). Instead,   what should occur is 
more concerted, collaborative effort and investment in the sci-
entific advances needed to address the outstanding ethical prob-
lems associated with meat production and consumption, such 
as animal welfare. Innovation in alternative production, such 
as cultured meat and meat-alternatives are imperfect but im-
portant steps toward meeting changing societal expectations in 
more affluent countries. In addition, Shannon et al. (2015) pro-
pose several policy strategies covering production, marketing, 
processing, distribution, access, consumption, and overall food 
systems that could be evaluated in the context of more current 
science and practice. While some of their recommendations are 
likely to be contentious, reasonable requirements for greater 
oversight in areas such as antimicrobial stewardship, natural re-
source conservation, and protection of farm workers might be 
incorporated to reduce harms associated with meat eating. Our 
collective suggestions would permit retaining meat consump-
tion with modifications (e.g., the amount of meat consumed, 
and the attributes and type of production). This option, while 
imperfect, and notably infringing on animal rights, benefits the 
broadest group of stakeholders. It duly considers their interests 
and the values of protecting others (including animals and the 
environment) from a more diverse set of harms, promoting more 
just, sustainable food systems, and reducing inequities in food 
access and security. Under these specified conditions, some 
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meat consumption could be morally justified and even regarded 
as ethically preferable as it not only offers a practical option, it 
also potentially reduces some forms of harm. This is particu-
larly the case if  the harms considered include the inequity of 
allowing those who are affluent, empowered, and food secure to 
constrain the dietary options available to those who are socially, 
politically, and economically disempowered.

Moving forward, we must be open to discussing what food 
availability and security means in the global context, how cli-
mate change will impact our natural resources and the food 
dynamic, and where the ethical boundaries are drawn with re-
spect to what we eat and the multitude of factors that affect 
our choices and those of others. “Food shaming” in any form 
must be avoided in discussions of what we eat given the con-
straints on food security, quality, access, and affordability faced 
by many who are often the subjects of and rarely the agents of 
public discussions and decision-making. To that end, we must 
also be open to discussing current and future natural resource 
limitations and pro-actively seek solutions that are scientifically 
sound and ethically supported. This includes actively engaging 
or discovering new methods to produce high quality food, 
including meat and not just foods perceived to hold the “moral 
high ground”. Finally, we must be pro-actively prepared to face 
the possibility that life-sustaining natural resource scarcity like 
water may force choices, both social and political, that may 
cause a reduction or phase-out of using animals to produce 
some foods, including meat and water intensive crops.
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