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Abstract
This introductory article presents the three main challenges faced in economics to
issues raised by dietary models. The first part of this paper examines the dietary models
that maximise the health profile of a population under various constraints, including
environmental and agronomic criteria. The second part introduces the possibilities of
economic modelling to complement these dietary models, despite the limitations of
economic approaches. The third part suggests new research proposals by asserting that
overlooked questions deserve further scrutiny. We emphasise that economic models are
particularly useful to analyse trade-offs between the various objectives underlying a
sustainable food system. However, possible improvements should tackle, first, possible
substitutions between food categories by consumers; second, adjustments in supply
chains; and third, measures of inequality resulting from significant changes towards
sustainability. Such improvements may be difficult to realise but are technically possible.
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Introduction

In many countries, an unbalanced diet is responsible for obesity, diabetes and cardio-
vascular diseases, entailing major costs for society (WHO 2015). While around 650
million people in the world are classed as obese, around 820 million people in the
world remain hungry (FAO 2019). Moreover, the food production system involves a
number of pollutants related to pesticide application, the use of plastics and packaging
from the farm to the refrigerator, the presence of residual ammoniac or nitrates that
spread through soil and water, and greenhouse gas (GHG) emissions within the food
chain, which represent 21% to 37% of emissions throughout the world (IPCC 2019).
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These pollutants also impact human health and biodiversity (Lock et al. 2010). All of
these issues underscore the immense challenges that need to be overcome in achieving
a sustainable food system, guaranteeing the availability of food for everybody with
sound nutritional and environmental qualities, all of which encompass a wide range of
characteristics (Ranganathan et al. 2016).

This situation has generated numerous public agendas for sustainable development,
clean agriculture, and/or a zero-hunger target by 2040 or 2050. These agendas are
based on foresight studies with legitimate objectives, but they are often also based on
debatable assumptions regarding economic development (FAO 2019). In this context,
the scientific knowledge regarding diets appears to be a keystone in predicting the
future of food security, which has led to the emergence of many dietary models (Poore
and Nemecek 2018). Several works studying diets have highlighted the substantial
benefits that could arise from significant, but still hypothetical, changes in diet (Lock
et al. 2010).1 For example, according to Vieux et al. (2018), adopting diets that are
healthy and that reduce GHG emissions by 30% would require more than 50% of our
current food intake to be replaced by other food products. This study, along with many
others (such as Tilman and Clark 2014), is based on dietary models in which price and
market adjustments are completely overlooked.

Dietary models provide insights on ‘desirable’ targets regarding numerous charac-
teristics related to nutrition and environment, but remain silent on the economic
conditions that should (broadly) prevail to have any chance of reaching them. For
example, food habits make dietary changes difficult and generally slow in uptake.
Moreover, consumers cannot take into account all of the criteria and trade-offs linked to
sustainability, which limits their ability to influence the market in providing incentives
towards sustainable foods (Lusk 2014). Additionally, supply chains are not always
organised to promote new and sustainable practices. Regulation is certainly necessary,
but the numerous dimensions related to sustainability make this regulation extremely
difficult and potentially set up to fail (Roosen and Marette 2011).

Even if reaching sustainability remains challenging, we argue that economic analysis
can contribute to the key issues underpinning dietary models by providing information
on consumers’ behaviour, price adjustments and regulation. Although economic
models are imperfect, these models are useful for understanding the impacts of
regulatory tools on market adjustments and agents’ surpluses, taking into account
agents’ behaviours.

As changes suggested by dietary models are ambitious (Afshin et al. 2019), eco-
nomic models are important for quantifying the various losses and gains involved and
for guiding the regulatory debates that should combine efficiency and social consider-
ations in making dietary reforms acceptable. If economic analyses are sufficiently
precise, they can contribute to our understanding of who the winners and losers coming
from drastic changes could be, and how to move towards a sustainable transition in the
food production system. In other words, foresight studies based on dietary models need

1 Modifying diets is not the only way to make food systems more sustainable. The supply side can also
contribute to better health thanks to product reformulation, for example, or by lowering GHG emissions due to
changes in production methods. However, following Poore and Nemecek (2018), dietary changes are
requested to include more sustainable food systems in the future.
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to be more accurate regarding market adjustments and economic gains in providing
political credibility that lead to real change.

In introducing this special issue on the Economics and Sociology of the Food-
Health-Environment Nexus, this article aims to underline the main challenges ad-
dressed by dietary models in economics. Specifically, this article focuses on these
important scientific contributions and their consequences for economics, since the
Food-Health-Environment Nexus raises many social questions. We mainly restrict
our analysis to health and environmental criteria, knowing that criteria such as fair
trade, inclusive development and rural/urban equilibrium also matter. We also abstract
from the important issues specifically related to developing countries, such as poverty,
starvation or the fragility of small-scale farmers (NBER 2019). We also voluntary
restrict our attention to the specific field of economics; however, the reader should
remain aware that these challenges also question other social sciences, such as sociol-
ogy, anthropology and/or political sciences.

The first part of this brief article presents the essence of dietary models by
summarising a few recent contributions. The second part introduces the possible
contributions of economic modelling to complement these dietary models, despite the
limits of economic approaches. The third part suggests new research proposals by
underlining overlooked questions that deserve further scrutiny.

It should be noted that we have not written a survey covering an exhaustive review
of previous contributions. Indeed, this introductory article to the Economics and
Sociology of the Food-Health-Environment Nexus is rather a presentation of arguments
arising from the recent literature and a chance to highlight research priorities to tackle
unanswered questions. We now turn to a brief presentation of dietary models.

Dietary models

Analyses developed by nutritionists and agronomists evaluate the impact of dietary
recommendations with dietary models using constraints that embrace nutrition/health,
agronomic and environmental dimensions (see Vieux et al. 2012). These models
estimate per-person intakes for different groups of citizens and link these food intakes
to first, agronomic and environmental models for estimating the impact of diets on land
use, GHG emissions or other environmental criteria, and/or second, epidemiological
models for measuring the impact of diets on human health. The dietary models provide
a number of precisions regarding food products, as there are frequently more than 100
different food products involved. These models also measure the potential changes in
consumption that could arise from possible recommendations to improve sustainability.

Diets strongly impact health. The World Health Organization (WHO) considers that
unbalanced dietary factors―alongwith unsafe sex, smoking and alcohol consumption―are
the main modifiable risk factors (WHO 2009). The diet-related risks depend on the level of
development within a country; however, it is important to note that whatever the country,
diet is always high on the list of top modifiable risk factors. According to Afshin et al.
(2019), in 2017, 11 million deaths (22% of all deaths among adults) and 255 million
disability-adjusted life-years (DALYs) (15% of all DALYs among adults) in the world were
attributable to dietary risk factors, which highlight the need to improve diets across nations.
They also point out that “although sodium, sugar and fat have been the main focus of diet
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policy debate… our assessment shows that the leading dietary risk factors for mortality are
diets high in sodium, low in whole grains, low in fruits, low in nuts and seeds, low in
vegetables, and low in omega-3 fatty acids.” (pp 1967). Some of their results could be
challenged (e.g. the magnitude of the health impact of a low intake of whole grains (see
Jones et al. 2019); however, the global view that diets that are muchmore plant based are
healthier is a view shared by many authors.

In facing the burden of diseases and the necessity of improving diets, several papers
have attempted to estimate the impact of alternative diets compared to actual diets. They
also integrate additional dimensions into their analyses. For example, Tilman and Clark
(2014) underline the strong empirical evidence for the effect of diet on both health and
the environment. They find that the actual average diet has a strong incidence of non-
communicable diseases, such as type II diabetes and coronary heart disease, and are (and
will continue to be) a major contributor to agricultural GHG emissions. In particular,
they estimate the impact of various shifts in diets. Indeed, they measure the influence of
shifts towards Mediterranean, pescatarian or vegetarian diets. Their analysis suggests
that alternative diets that are richer in fruits, vegetables and pulses could both reduce
these environmental effects and offer substantial health benefits.

Many other approaches confirm these results. For instance, Masset et al. (2014)
define optimal diets by considering various constraints, taking into account “Lower-
Carbon,” “Higher-Quality,” “More Sustainable” diets or diet costs. Whitmee et al.
(2015) define ambitious sustainable diets for different regions of the world. They
review many scientific results coming from ecology, agronomy, food science, nutrition
and health (see also IPCC 2019). These various contributions suggest that an improved
diet would likely result in strong health benefits for citizens. These previous papers
recommend: first, a decrease in the consumption of meat, sugar products and processed
industrial dishes; and second, an increase in the consumption of fruit and vegetables,
seeds and nuts, whole grains and legumes (peas, beans, lentils, etc.). They also state that
beyond a significant reduction in chronic diseases, these dietary changes would have a
significant impact on both the environment and household expenditure. Proposed
changes in dietary composition are supported by a mix of health and environmental
considerations (Vieux et al. 2018).2 For example, if an increase in the consumption of
fruit and vegetables is primarily driven by health considerations, the decrease in meat
consumption is primarily driven by environmental considerations.

Depending on the studies, the implicit weight given to the different objectives (improving
health, reducing GHG emissions, reducing land-use,…) varies. For example, in addition to
reduce the over-consumption of calories, Ranganathan et al. (2016) focus on limiting the
over-consumption of protein (mostly in high-income countries) by reducing the consump-
tion of animal-based proteins. Some other approaches attempt to develop a broad view of the
link between nutrition and land use. The foresight study developed by the Agrimonde-Terra
consortium examines the link between land use and food security looking ahead to 2050 at
the world level, by integrating various measures of climate change, diets, urban-rural

2 In Vieux et al. (2018), consumers are supposed to choose a new diet that minimizes a distance function
between the observed diet and the optimized one (the so-called ‘optimized diets’). To make solutions
acceptable, ad-hoc constraints (denominated ‘palatability constraints’) are frequently added to nutritional
constraints or environmental constraints (e.g., a limit in GHG emissions). This differs from Tilman and
Clark (2014) and Whitmee et al. (2015), where exogenous new diets, based for example on nutritional goals,
are assumed and the consequences evaluated.
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linkages, farm structures, cropping and livestock systems (Agrimonde-Terra 2018). This last
contribution underlines the fragility of efficient land use compatible with both a sustainable
diet and development, including a decent income for small-scale farmers in developing
countries. In particular, Agrimonde-Terra estimates the impact of a reduction in the con-
sumption of animal proteins in developed regions, combined with the development of agro-
ecological methods of production that lead to better nutrition and less deforestation,
compared to the present situation.

More generally, land use has a pivotal role in many agronomic adjustments. For
instance, if decided on a large scale (namely, organic goods being more than 50%
commodities), organic farming may have a bigger climate impact than conventional
farming (or at least it does not allow an improvement in the carbon footprint of
farming), because greater areas of arable land are required to outweigh the yield
reduction linked to organic farming (Searchinger et al. 2018). This ultimately raises
questions related to possible trade-offs in order to choose between different objectives,
such as biodiversity preservation, lowering health risks or mitigating climate change.

Recently, the EAT-Lancet Commission (Willett et al. 2019, p.1) proposed a “universal
healthy reference diet to provide a basis for estimating the health and environmental effects
of adopting an alternative diet to standard current diets”. This alternative healthy reference
diet was created using the idea of ‘safe operating systems’, that is, a set of constraints that
need to be satisfied in order to achieve better human health and environmental sustainability.
A key result from this work is that adopting such a diet requires a significant modification of
our current diets. The interested reader should refer to the first figure of this paper (pp. 14)
that shows the gap between current diets and the alternative healthy reference diet for 11
food groups. Roughly, in most regions, the reference diet requires a significant increase in
the consumption of fruit, whole grains, legumes, vegetables and nuts, and to significantly
decrease the consumption of red meat and starchy vegetables. Willett et al. (2019) underline
that this reference diet is compatible with a projected sustainable food system that could
nourish 10 billion people in 2050. It should be noted that this new food system is interlocked
with the effective reduction of both obesity and undernutrition problems around the world.
In other words, these key improvements concern all rich and poor countries together.

These previous dietary models are used to define diets that (could) improve the health-
iness of dietary intake and limit GHG emissions (and other pollutants). They suggest that
improving both the population’s level of healthiness and the environmental sustainability of
diets is theoretically possible. These models focus on variations in dietary intake in order to
satisfy objectives, but without detailing precisely how to move in this sustainable direction
and without describing policies, which is a major flaw. As changes suggested by dietary
models are generally considered to be ambitious, the economic models are important for
quantifying the various losses and gains and for guiding regulatory debates that should
combine efficiency and social considerations for making diet reforms acceptable. For
instance, in the scenario defined by Willett et al. (Willett et al. 2019), the intake of red meat
should decrease by 50% or more in many areas of the world, representing a “sustainable
intake” (− 77% for Europe), which means that the social impact on retailer, processors,
farmers, feeding and grasslands would be vast.3

3 These recommended reductions are much greater than the small ones observed in many Western countries
over the past decade. For example, in France, per-inhabitant meat consumption fell by 11% between 2007 and
2017 (Tavoularis and Sauvage 2018).
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Indeed, the different dietary models, including Vieux et al. (2012), Tilman and Clark
(2014) and Agrimonde-Terra ( 2018), do not directly integrate consumers’ behaviours,
which is a major shortcoming. They do not provide any details on the impact of price
adjustments on food consumption, and there is no guarantee that targeted diets are
compatible with actual and future consumers’ preferences and market incentives.
Moreover, by ignoring economic mechanisms, they cannot be used to design policies
and regulations needed in order to reach targeted and wishful diets. They also overlook
a deep analysis regarding the effects of regulatory tools on dietary changes.

Regarding their potential usefulness for defining consistent public policies,
an important limitation of these models consists of overlooking the weight
given to different criteria (improving health, reducing GHG emissions, etc.).
Thus, dietary models do not provide much information to be able to evaluate
the trade-off between different objectives. In other words, dietary models do not
provide many clues as to what society should improve as a particular priority
(in terms of the healthiness of various diets) in order to reduce the strain of
optimised diets on land use and pollution, such as GHG emissions or soil/water
deterioration. The question of arbitrages between different objectives ultimately
refers to the sovereignty of citizens being able to prioritise from amongst the
numerous criteria that define sustainability. Obviously, this sovereignty depends
on the citizens’ ability to master and harness the related scientific knowledge.
Some replies can be provided by social sciences, including economics, sociol-
ogy, political science and science-society dialogue.

To conclude, these models are very useful in order to define the targets but provide
no help in determining how to reach them, or in defining the key priorities from
amongst the different objectives. The following sections address all of the overlooked
questions related to incentives and price adjustments in the food system.

Contributions and limits of economic analyses

Economic analysis can contribute to questions underlined by dietary models by
providing elements related to price adjustments, agents’ incentives and regula-
tion. In other words, while dietary models focus only on quantity adjustments,
economic analysis considers both quantity and price adjustments and their
consequences for the different agents. Without being exhaustive, this section
simply covers three main topics, namely the understanding of consumers’
behaviour, the quantification of market adjustments and the impact on welfare.
These three topics are now presented, in addition to which, we also discuss
their main limitations, which are not directly tailored to the objectives raised by
the dietary models presented in the previous section.

Integrating consumers’ behaviour in the analysis of the impact of policies

Dietary models do not generally consider consumers’ behaviour and are not based on a
theory of consumption. Consumers’ behaviours depend on many criteria. Thus, the
drivers of food demands include price, income, tastes, quality, consumption habits,
health concerns, the availability of ready-made foods, plus various perceptions
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influenced by advertising, newspapers and educational policies.4 Regarding sustain-
ability, perceptions are particularly important but difficult to influence. For instance,
from a survey conducted with 788 French participants, Brunelle et al. (2017) show that
consumers are relatively reluctant to turn their dietary habits towards more sustainable
foods, indicating other priorities regarding sustainability and the reduction of GHG
emissions in areas such as housing or equipment (see also Krystallis et al. 2012). Such a
result means that an ambitious and sustainable food system may receive little attention
from consumers and little political support for the implementation of more stringent
policies.

This absence of a “concrete”willingness to change behaviours is particularly explicit
when we observe meat consumption in many Western countries. Entrenched habits,
beliefs and purchasing routines favouring meat consumption in regular diets often
thwart consumers’ abilities to reduce meat consumption (Kemper 2020). Indeed,
cultural and social factors explain the overconsumption of animal-based proteins in
many developed countries (Milford et al. 2019).5 Hartmann and Siegrist (2017)
underline that consumer awareness of the environmental impact of meat production
is generally very low across Western countries. This fact raises the issue of efficiently
transmitting complex environmental knowledge about cattle breeding and methane
emissions, contamination of soil and water by ammoniac, nitrate or antibiotic
residues and various impacts on grasslands. Harguess et al. (2020) emphasise that
increasing knowledge about health, environmental and animal welfare aspects may
persuade some consumers to slightly reduce their meat consumption. Indeed, scientific
knowledge of the consequences of meat consumption is very complex. Even more, the
direct economic consequences of conventional diets can be underestimated by con-
sumers. For example, based on the average weekly expenditure of a French family, a
“diet” study published by WWF shows that switching from a “current basket” to a
“flexitarian basket” would lead to a 21% drop in the monetary cost of this basket,
mainly via the reduction in meat consumption (WWF 2018). Such a figure may be
interpreted by a lack of awareness about potential savings coming from alternative
diets, but also by strong and “resistant” preferences for meat.

However, economic models encounter difficulties in integrating consumers’ health/
environmental concerns, since expectations regarding the health/environmental impacts
of food choices are not explicitly integrated into the structural models. For example,
when evaluating the impact of a policy on health, in most models, the policy is
supposed to impact food consumption, which in turn impacts consumer health. How-
ever, the feedback loop (that is, a change in health affects’ consumption in return), is
often ignored. In the case of health, the feedback loop mainly depends on the own
choice of a consumer. For example, Lakdawalla et al. (2005) developed a model in
which the utility not only depended on food consumption but also on weight. In that
case, a change in body weight, interpreted as a health indicator, affects consumption. In
the case of environment, this could also be the case but the feedback loop depends on
the choices of all consumers. This is the first limit in the existing studies, in which the
impact on the demand of policies is based on utility functions that do not take into

4 In developing countries, many farmers face the food prices as both producers and consumers.
5 By considering many countries, Sans and Combris (2015) underscore the positive link between the income
per inhabitant and the meat consumption per inhabitant.
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account potential feedbacks. As a consequence, the estimated impact on consumer
surplus is biased (Meunier 2019). In addition, we know that consumer choices are
impacted by numerous behavioural biases, such as the tolerance of risk, conformity to
social norms, impulsivity and loss aversion. For instance, some consumers may
voluntarily disregard the recommendations for a significant reduction in meat con-
sumption as advised by many dietary models. The understanding of consumers’ beliefs
and more generally of consumers’ behaviours requires collaboration with both sociol-
ogists and psychologists.

A standard method of analysis consists of building up models that focus on the
“present” demand side of the market and to study the impact of different policies on
food choices. These models, when linked with epidemiological models and/or envi-
ronmental models, help to evaluate whether or not the simulated policies act in the
“desirable” direction (see Irz et al. 2015). They allow for the measurement of con-
sumers’ losses and gains coming from a policy with a monetary value related to the
variation of the indirect utility. They are also useful in discussing whether or not health
and environmental goals are compatible (for an in-depth discussion, see Doro and
Réquillart in this special issue of the journal). However, they too suffer from important
limitations: unlike dietary models, which frequently consider a large number of food
products allowing substitutions between and within food products categories, economic
models frequently consider a limited number of products. In most cases, they focus on
substitutions between food product categories. This type of substitution, when occur-
ring, is likely to have a significant impact on health and the environment; however,
because such substitutions imply significant changes in the diet, consumers may be
reluctant to adopt these changes, as revealed by the inelasticity of demand when
evaluated at the food product category level. Only a few models focus on a specific
group of products (e.g. animal products, as in Bonnet et al. 2018) to evaluate substi-
tutions within product categories. From the consumer’s point of view, substitutions
within a food product category are easier, but may have a smaller impact on health and
the environment. Indeed, because demand models integrate a limited number of
products, they fail to simultaneously consider substitutions between and within food
product categories. For example, in the case of meat products, which represent a
significant part of the food budget, models that consider the whole diet integrate only
three or four different meat products, whereas the model developed by Bonnet et al.
(2018) consider more than 20 products, allowing for much more precise analysis.

The models that rely on the estimates of demand systems are able to characterise
consumers’ losses and gains for relatively low variations of product prices or con-
sumption changes. In other words, as direct and indirect price elasticities of demand
that epitomise consumers’ preferences are estimated with relatively small variations of
price, the larger changes suggested by dietary models cannot be satisfactorily measured
with consumers’ surpluses, because consumers’ preferences are known but only on
restricted intervals related to observed consumption patterns. These changes are so
important that the consumers’ preferences are a terra incognita, impeding a monetary
measure by consumption models. Estimating the welfare impact coming from a drastic
reduction in the intake of red meat greater than 50%, as suggested in the previous
section, is almost impossible, since the estimates of changes in the Hicksian/
Marshallian surplus appear accurate and credible for relatively small variations of
prices/quantities.
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Beyond these limits, the models focusing on consumers’ behaviours abstract from
the markets’ adjustments with a supply side. These market adjustments are now
presented.

Market adjustments and equilibrium models

Market modelling can be divided in multi-market approaches accounting for substitu-
tions between the whole set of food product categories and partial equilibrium models
that focus on market adjustments for a subset of products, which are frequently
involved in a single product category.

The multi-market approaches seek to understand how changes and/or policies may
affect production across different categories of foods (meat, fruit and vegetables, etc.).
They encompass general computable equilibrium models, such as GTAP (see GTAP
2019) and those involving a combination of partial-equilibrium models for different
categories of products (such as Fapri 2019 or Globiom 2019). These models mainly
focus on agricultural production with some additional links to land use or GHG
emissions.6 Because they are mainly used to analyse the impact of agricultural or
environmental policies, the demand for final food products is oversimplified. In
particular, the link between the demand for processed food products, which now
represents most food products, and the supply of agricultural raw products is generally
poorly modelled. As a consequence, these models are not designed to evaluate the
impact of policies on health.

A notable exception comes from Springmann et al. (2017), who develop a simplified
supply/demand model coupled with impacts on health, in order to consider how the
supply chain would react to changes in consumption. In this paper, they use an
agriculture–economic model to project future food consumption for 62 agricultural
commodities in over 150 world regions. Their analysis accounts for “price-mediated
changes” in the consumption of particular commodities, as well as the effects of price
changes on substitutions across food groups. Using a coupled agriculture and health
modelling framework, Springmann et al. (2017) show that the global climate change
mitigation potential of the emission pricing of food commodities could be substantial.
Additionally, imposing GHG taxes on food commodities could, if appropriately de-
signed, be a health-promoting climate policy in high-income countries, as well as in
most low- and middle-income countries.7 However, in this important paper, supply
chain adjustments with processors and retailers are overlooked, consumers’ demands
are not detailed and possible shifts in the quality of products are overlooked.

Given the important changes in diets that are suggested by dietary models, it is
useful to analyse more precisely how the entire food chain can adapt. Partial-
equilibrium models focusing on market adjustments for a single product category could
also be useful (see, for instance, Marette et al. (2008) for market adjustments in the case
of fish markets). These models allow the precise consideration of the qualities of
products and their impact on equilibrium prices. Thus, producers in a supply chain

6 It should be noted that originally, many models in agricultural economics were not designed for
complementing dietary models but rather to analyse the impact of agricultural and/or environmental policies.
7 Note that GHG taxes on all food products have a negative health impact (Springmann et al. 2017). However,
a scenario that combines GHG taxes on most polluting products (animal products) and subsidies on fruit and
vegetables leads to a health improvement.
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can modify the characteristics of their products. They can modify an existing product,
but perhaps, more importantly, the supplier can develop new products. In such a
context, regulations are likely to spark significant quality improvements. For instance,
if taxes on meat drastically increase, complex and significant substitutions will happen
at both production and consumption levels.

Beyond the specificities of models that study market adjustments, the Achilles Heel
of many models are the market adjustments along the supply chain, involving many
agents, from farmers to retailers. Structural econometric models allow us to distinguish
between farmers’ or processors’ and retailers’ margins, which is promising for under-
standing vertical relationships. For example, Bonnet and Bouamra-Mechemache
(2016) computed both retailers’ and manufacturers’ margins for regular and organic
milk in France, and showed that per-unit margins in the organic sector are higher than
those in the conventional sector. These methods are promising for evaluating profit
sharing in the supply chain.

However, regarding the supply chain, there is a lack of analysis studying the
functioning and adjustments of supply chains. Eliciting these adjustments in the supply
chain is crucial for understanding the losses/benefits implied by large changes in
demand. In particular, the existence of sunk (that is, non-recoverable) costs may lead
to bankruptcies in sectors that experiment a dramatic drop in sales, a mechanism that
could be underestimated by policy makers.

Being precise on possible adjustments in different supply chains is very difficult to
realise when many products are taken into account, as is the case with multi-market
approaches. The task is particularly challenging for evaluating regulatory decisions that
impact the organization of supply chains and the contracts between farmers, processors
and retailers. We now briefly discuss the possible regulations and their limits.

Welfare measures for evaluating policies

Regulation is crucial for reaching sustainable production. However, there is no certainty
that regulation improves agents’ situations, because of costs and distortions arising
from regulatory instruments. There are three types of instruments influencing markets’
functioning: first, the minimum quality standard imposing some mandatory production
norms, thus targeting the supply side of the market; second, the recommendations,
warnings and labels informing consumers, thus targeting the demand side of the
market; and third, the mechanisms of taxes and subsidies depending on products
quality and impacting prices. Regarding the optimal policy, there is no clear theoretical
conclusion about the optimal instrument to select; then, economists advise in order to
minimise market distortions coming from regulations (see Disdier and Marette 2012).

In this context, defining precise measures of preferences and welfare is often
essential in order to judge or define efficient policies. Even if biotechnical disciplines
were able to quantify all of the relationships between agriculture, food, health and the
environment, it would be very difficult for a regulator to define a socially optimal
policy with clear priorities and maximised surpluses for agents. Multiple causalities
make the food system extremely problematic to decipher, given the large number of
sectors and producers, along with the vast heterogeneity of diets. Dietary models, as
presented in the previous section, can be broadly characterised as multi-criteria analy-
ses, insofar as they provide the consequences on the different dimensions of modifying
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diets. However, a key question for policy makers is how to define “optimal” policies
when their likely impacts are positive for some criteria (e.g. to improve health) and
negative for others (e.g. to increase GHG emissions). Establishing a map of consumers
and/or citizen preferences regarding environmental and health criteria is a task of
monumental proportions. With multi-criteria analyses, the weightings between the
different criteria remain delicate and not always transparent. The economic studies
via welfare indicators and cost-benefit analyses (CBA) allow us to find a common
metric via a monetarization of products or policies that influence the vast pool of health
and environmental criteria. These methods represent a practical way of clarifying trade-
offs among various criteria and objectives defining a sustainable food system, and
should help in defining priorities.

Many CBAs integrate econometric methods, methods of valuation of environmental/
health goods (via contingent valuation or choice experiment) and/or methods of experi-
mental economics to produce monetarised evaluations of public policies. For example, the
results of experiments in the laboratory or in specific fields with “randomised” approaches
make it possible to identify changes in consumption behaviour following the dissemina-
tion of information concerning a food product or a set of products. These methods of
experimental economics allow us, in particular, to measure the Willingness to Pay (WTP)
by consumers for little known or observable characteristics that are subject to public
regulations (see Lusk and Shogren 2007). Estimating this WTP is particularly important
for studying new possibilities regarding the Pigouvian taxation of food. For instance,
Springmann et al. (2018) estimate high levels of per-unit taxes on meat for internalizing
health-related costs incurred by citizens and society, measured by the so-called value of
statistical life, coming from WTP for a reduction in the risk of mortality. Moreover,
experimental methods may help to determine a hierarchy of preferences among the
multiplicity of criteria. For foods of similar value, the premium (or marginal WTP) for a
characteristic impacting human health is higher than the premium impacting the environ-
ment (Roosen and Marette 2011).

However, these methods relying on experimental economics remain fragile in terms
of guiding policy making, since estimation biases have been often underlined (Thaler
2015). WTP as a characteristic may vary depending on whether it is evaluated on its
own or as part of a “broad basket” of goods/characteristics. In particular, Kahneman
and Knetsch (1992) underlined the sub-additivity effect that occurs when the estimated
WTP for the improvement of one characteristic plus the estimated WTP for another
characteristic is greater than the “common WTP”, when participants are asked to value
the two characteristics together. This raises the issue of estimating credible WTP when
many nutritional and environmental characteristics may be influenced by a food policy.

All of the limits underscored in this section underscore the fragilities of economic
estimations, and they should be taken into account in future analyses. We now turn to
new possibilities of research.

New research proposals

The first possibility could involve integrating the adjustments advised by dietary
models into the existing models in order to measure potential economic effects. For
instance, it may be possible to examine dietary shifts suggested by dietary models via
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partial equilibrium adjustments, accounting for consumers and supply chains. If intakes
for one type of food decrease by x%, as suggested by dietary models, a partial-
equilibrium model could be useful for complementing the analysis and determining,
first, what the best tool(s) for reaching such a variation will be, and second, what the
losses/gains for producers and consumers will be. These works could be developed in
the future to bridge the gap between dietary models and economic models when
studying sustainable food systems. However, such a possibility is greatly disadvan-
taged by the extent of shocks and the difficulty of existing economic models to account
for large shocks, as explained above.

The limitations of the economic models underlined above should be seriously taken
into account, leading to major improvements. To open the debate further, we now
provide some suggestions for improvements, being aware that the challenges of being
precise regarding the market adjustments are enormous. Improvements concern both
demand and supply sides, which we now detail.

Improvements regarding the demand side of models

(a) A first direction could consist of extrapolating the demand system and the related
elasticities of “active outliers”, as young people or the flexitarian/vegetarian.
Young consumers’ food habits and the analysis of the evolution of food habits
based of different cohorts could be used to determine a projection of future
possibilities of consumption for a whole population, but prospective studies
cannot lead to an estimation of a complete demand system (Blezat et al. 2017).
Food habits of flexitarian or vegetarian consumers could also be used to under-
stand how the system could evolve when the demand for meat may plummet on a
large scale. These “clues” are still nascent ideas that deserve further study;

(b) Dealing with more food products could be an interesting option when systems of
food demand are estimated. Typically, economic models integrate 20 to 30
products, while dietary models account for more than 100 to 200 food categories.
Increasing the number of food products considered (towards 60 or 70) would
greatly improve the link with health models and/or environmental and/or agro-
nomic models. This would allow taking into account both substitutions between
food product categories and substitutions within product categories, despite the
difficulties of estimating a high number of cross-price elasticities, which may be
bypassed by methodologies, such as the multi-stage budgeting (Deaton and
Muellbauer 1980). Taxes and subsidies could be computed by reaching low or
medium variations in consumption, compatible with the direction indicated by
several dietary models for the different food categories;

(c) Regarding the number of products, the level of aggregation should depend on
regulatory questions by disaggregating some product categories directly con-
cerned with the regulation, while keeping some other sectors much less disaggre-
gated. For instance, for questions related to a reduction of meat consumption, it
may be possible to focus on different types of meats in the context of a whole
demand system considering other sectors as much more aggregated. This could
allow taking into account the quality issues or specific links with supply systems
(namely, meat from dairy cows versus meat from ox), or different meat production
systems with more or less grassland for feeding animals;
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(d) In most cases, consumers’ demands only relate to at-home consumption. Nowa-
days, food consumption out-of-home represents about 25% of food expenditure in
France (and even more in some countries such as the U.S.). School cafeterias and
restaurants are an important source of innovation regarding new trends and
alternative food habits. Economists should devote more efforts towards analysing
these demands in cafeterias and restaurants, and more broadly to out-of-home
consumption.

All of these improvements regarding the demand sides should improve the future vision
for food systems. These improvements should be made by establishing a better link
between the demand side and the supply side;

Improvements regarding the supply side of models

(e) In many models such as GTAP, Fapri or Globiom, food processing is not
modelled, except for models that focus on specific products, such as dairy
products. Consequently, demand and supply are poorly linked, since margins
and contracts related to processors and retailers are neglected. It seems that even
simplistic ways of modelling food processing may improve the situation. With the
GTAP model, some attempts have been recently realised for developing new
modules that integrate global value chains, but they are still nascent projects
(Antimiani et al. 2018);

(f) One option could be to take advantage of more specific works on the food chain
and/or food industry, in order to better characterise price formation along the food
chain and evaluate how changes in the price of agricultural raw materials affect
consumer prices. By using real purchase data, Bonnet and Bouamra-Mechemache
(2016) estimate a structural econometric model of demand that takes into account
the relationships between manufacturers and retailers with some assumptions
regarding the bargaining power between different agents. Such a structural econo-
metric model allows us to distinguish between processors and retailers’ margins,
which is promising for understanding vertical relationships. Different margins, as
per those for conventional versus organic products, could be integrated into a
calibrated model including agents from the supply chains;

(g) Some effort should be made to better consider sunk costs and investments
arising from major shifts within the food system. For sectors with a declining
demand, some assets will become obsolete, while sectors with a booming
demand will require new investments. For instance, boosting the consump-
tion of legumes such as lentils, beans and peas with a longer cycle of rotation
in order to have a natural source of nitrogen in Western countries requires
new investments at various stages of the chain (from investments in new silos
to investments in promoting the products by retailers). Evaluating invest-
ments and their impacts on market functioning is difficult, as the monetary
estimations of assets could be overvalued depending on the dynamic adjust-
ments of the markets (Boland et al. 2014). It should be noted that vertical
farms, urban farms, hydroponic systems, or high-tech farms are extremely
capital intensive, a point that should be emphasised when new options for
food security are studied;
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(h) The role of international trade towards a sustainable food diet should be carefully
studied. On the one hand, international trade brings social benefits with a diver-
sification of risks, possible reductions in food prices and imports of products that
cannot be produced in some locations. International trade has considerably
broadened the range of products available for consumers, and as such, signifi-
cantly impacts our diet. On the other hand, international trade often leads to
excessive crop specialization that may ruin soil fertility, biodiversity and/or
“global commons”, such as rainforests, in particular when environmental regula-
tions are weak. The various impacts of environmental or safety regulations on
trade are difficult to measure, because trade-offs in supply chains are particularly
challenging to estimate. Recently, the issue of “food localism” (that is, purchasing
locally-grown or produced food) has gained momentum. Indeed, preferences by
some consumers for locally-grown food may impact both trades and diet, and is a
topic deserving further study in the future;

(i) Regarding the optimal policy to improve diet, the important issues of both time
evolution and transition have often been overlooked. In particular, the transition
from the current agro-food sector model to a new model aligned with nutrition and
low-carbon objectives requires a progressive shift in each stage of the supply
chain. Such a shift will make some skills, practices and materials obsolete, which
may mean that physical and human capital will need to be renewed. The situation
of many farmers, particularly in the meat sector, is already difficult, and a
transition, if poorly implemented, could further aggravate the situation. More
attention is necessary to carefully take into account any transitions when policies
are implemented.

Improvements regarding the measures of inequality

In introducing this important topic, it should be emphasised that we aim to consider
more precise measures regarding variations in income, surpluses and welfare that arise
from possible sustainable policies, which is an essential step for a rigorous analysis of
inequality. Although inequality in the domain of food sustainability is linked to many
topics, such as food accessibility, farmers’ fragility or the share of added values
between producers in the supply chain, we restrict our attention to a few issues related
to consumption;

(j) A frequently overlooked dimension in the analysis of policies favouring more
sustainable food system is the inequality dimension. This topic is particularly
important in the case of food, as price increases are likely to have regressive
effects, striking the “poor” consumers more than the wealthy ones. This is because
poor consumers have fewer options available to them for substitutions to expen-
sive alternatives, and they also devote a larger share of their income to food than
richer consumers do. On the whole, promoting more sustainable food is likely to
increase prices. For example, the reduction of pesticide application to improve
both human and environmental health is likely to increase the price of agricultural
products due to lower yields. Similarly, organic production also leads to higher
prices for agricultural products. If taxes are designed to combat climate change,
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this will also increase prices.8 On the other hand, as mentioned above, a shift from
animal products to plant-based products is likely to decrease food expenditure.
Taking into account how these different elements (among others) differently affect
consumers according to their income level is an important issue. One solution may
involve estimating a specific demand for households divided by income quartiles
or by developing quantile regressions focalizing on the income distribution. But
more generally, unequal access to food implies political choices based on the
preferences of citizens. The inequality indicator should be precise, and citizens’
preferences could be studied in order to better understand how regulations could
help poor consumers.

From our point of view, all ideas presented here suggest that it might be possible to
integrate: first, a larger set of substitutions between foods products by consumers; and
second, adjustments in the supply chains by considering sunk costs and margins
incurred by farmers, processors and retailers, as explained above. By making a link
with farmers’ choices, such a model could integrate a land use module to also estimate
the impact of dietary shifts on land price and land allocation. By making a link with
consumption, the model could then also integrate an epidemiological model in order to
better assess the impact of different dietary scenarios on diet-related diseases. We think
that such a task is difficult to realise, as many data and a great deal of specific
information would need to be collected but is technically possible. This task is a
suggestion to ignite debate and to gather constructive criticism.

Conclusion

By complementing dietary models, economic approaches are useful and are required to
outline the markets adjustments that are essential for understanding behaviours. How-
ever, improvements are necessary in order to gain relevance. We have underlined that
new developments should integrate, in particular: first, possible substitutions between
foods categories by consumers; second, adjustments in supply chains; and third,
measures of inequality resulting from significant changes towards sustainability. Such
a task is difficult to realise but technically possible. Such an effort is important in order
to understand the social consequences of a transition towards sustainable food systems.
The following articles in this special issue on the Economics and Sociology of the
Food-Health-Environment Nexus are a “first step” towards an improved understanding
of behaviours and market adjustments.

Although economic models are imperfect, they are useful in order to be frank in
terms of trade-offs between the various objectives defining sustainability, the impacts
of regulatory tools on markets adjustments, and agents’ surpluses/benefits. Economic
evaluations should be emphasised and taken into account in the political agendas of
various international institutions, such as the FAO, WHO or the World Bank in making
sustainable food systems acceptable for many agents.

8 Remler (2004) underlines this regressivity effect for tobacco, and Allcott et al. (2019) discuss the case of
soda taxes.
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