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1. Introduction

Food security is increasingly a concern for policymakers. The rising
global population, rising food prices, and recent supply chain shocks (e.
g., Covid-19) have put significant stress on food systems, and exposed
critical limits on their resilience (Béné, 2020; Hynes et al., 2020; Thil-
many et al., 2021). Worldwide, food insecurity has increased, with an
increase in the number of people suffering from hunger despite a 50 %
growth in global food production between 2000 and 2020 (World Bank,
2023). Food insecurity is not a problem limited to developing countries:
even in developed economies, where food is generally easy to access and
standards of living are on average relatively high, food insecurity is a
problem affecting very large segments of the population (Barrett, 2010;
Brown et al., 2022; Loopstra, 2018). As such, the ability to source suf-
ficient amount of food is an important concern for households, and food

security concerns are likely to influence household decision-making
(Brown et al., 2022; Kneafsey et al., 2013; Loopstra, 2018).

The concept of food security is complex and multifaceted, consisting
of multiple criteria. The basic definition of food security refers to the
ability of the food system to supply enough nutrients for the needs of a
population, also ensuring that this supply is accessible (both economi-
cally and physically), consumed, and stable over time, particularly in the
face of potential shocks to the food system.' This definition is often
considered insufficient, because it fails to incorporate a sustainability
constraint, which requires that the ability of the food system to supply
nutrients safely and effectively at a given point in time does not
compromise the health of the food system for future generations (Berry
et al., 2015; Molotoks et al., 2021; Vermeulen et al., 2012). As a result,
food security has an inherent environmental dimension, and the envi-
ronmental sustainability of the food system is a key element of food
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security, particularly in promoting intragenerational equity (Huang and
Rust, 2011; Tai, 2019). The environmental dimension of a food system is
often measured in terms of the carbon footprint of food consumption
(Clark et al., 2022; Leach et al., 2016; Poore and Nemecek, 2018), which
measures the amount of greenhouse gases (GHG) emitted to produce and
consume food (IPCC, 2018; McMichael et al., 2007).

In this article, we use primary survey data to study the relationship
between consumer concerns for food security and the carbon footprint of
food consumption in Italy, a country with important food security
problems (Zace et al., 2021). The aim of the research is to understand the
role of food insecurity concerns as a psychological driver of carbon
emissions, particularly in its role of motivating reduction in the carbon
footprint of diets. Food consumption — and its associated GHG emissions
— is strongly dependent on the (deliberate or automatic) achievement of
consumption goals (Hoek et al., 2021; Panzone et al., 2021a; Steptoe
et al., 1995). Consumers then make choices aiming to achieve these
goals, subject to their own values, and beliefs (Steg, 2016; van Herpen
and Trijp, 2011; Vermeir et al., 2020). Previous research has indicated
that environmental problems like climate change causes significant
psychological distress, due to the degradation of the environment and
the loss of livelihood it generates (Evans, 2019). As a result, environ-
mental concerns motivate more sustainable consumer choices (Azzurra
et al., 2019; Bamberg, 2003; Fujii, 2006; Panzone et al., 2016). Health
concerns can also lead to more sustainable choices (Hoek et al., 2004;
Prada et al., 2017), because they are associated to consumers’ awareness
of the sustainability problem. There is more limited research on what
food insecurity concerns consumers hold, and how these concerns relate
to the environmental quality of diets.

Food consumption is a key area of interest in the study of sustainable
consumption. Recent estimates indicate that food is responsible for over
30 % of global GHG emissions (Poore and Nemecek, 2018), due to their
dependence on land use, energy, and other resources within the supply
chain. Western economies increasingly dedicate attention to policies to
achieve significant reduction in carbon footprint (IPCC, 2018), also
targeting net carbon neutrality (Allen et al., 2022; Fankhauser et al.,
2022). Within food systems, consumers have been often considered key
in driving change within the system (Camilleri et al., 2019; Panzone
et al., 2021b), as changes in demand can be transmitted back along the
supply chain (Garnett et al., 2020; Hynes et al., 2020; Macfadyen et al.,
2015). Research already indicates that food security is central to the
resilience of a food system, and the presence of consumers who are food
insecure is an indicator of a food system that is unable to fully respond to
stressors and shocks (Béné, 2020). While significant improvements in
the food system require large scale changes in behaviour (Cerri et al.,
2018; Macfadyen et al., 2015; Panzone et al., 2021a), there is limited
understanding of the psychological drivers of the carbon footprint of
food consumption.

The remainder of the article is as follows. Section 2 will briefly
summarise the literature on the link between concerns, particularly
environmental concerns, and pro-environmental behaviour, which will
be used to build a model of behaviour used in the empirical analysis.
Section 3 presents the data used in the empirical research, also pre-
senting the statistical model used in the analysis, with parameters esti-
mated using a Structural Equation Model (SEM). The data refers to a
survey made to a representative sample of the Italian population,
counting on a sample of over 2000 individuals. Results are presented in
Section 4. Section 5 discusses the findings of the research, while Section
6 concludes.

2. Literature review
2.1. The role of concern in driving pro-environmental behaviour
The decision to engage in pro-environmental behaviour, as well as

any other behaviour, depends on the awareness of consequences caused
by one’s own behaviour (Bimbo, 2023; Steg, 2016). The literature calls
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this attitudinal element of awareness “concern”, referred to as “envi-
ronmental concern” when referring to the environmental public good
(Bamberg, 2003; Fujii, 2006; Milfont et al., 2006). The literature iden-
tifies 3 key types of concerns: egoistic concerns, which reflect the ex-
pected consequences on the decision-maker, e.g., concerns about
gaining weight; social-altruistic concerns, which refers to the conse-
quences on other parties, e.g., concerns about hurting others; and
biospheric concerns, which reflect consequences on the environment, e.
g., concerns over wasting resources (Schultz, 2001; Snelgar, 2006).
Egoistic concerns can be further divided into two groups: health con-
cerns, which refer to personal health, and the ability to keep the body
healthy and functioning (Prada et al., 2017; Snelgar, 2006); and poverty
concerns, which refer to preoccupations associated to money and lack of
other resources (Haushofer and Fehr, 2014; Snelgar, 2006).

The literature observes that environmental concern is a key driver of
pro-environmental behaviour (Bamberg, 2003; Fujii, 2006; Milfont
et al.,, 2006): the decision to engage in behaviour that protects the
environment — particularly when this behaviour requires giving up
personal consumption — tends to stem from the belief that the environ-
ment is under serious threat, and appropriate action is needed (Bimbo,
2023; Steg et al., 2014). As an example, concern has been shown to
predict pro-environmental behaviour, such as sales of organic products
(Ahmed et al., 2021; Azzurra et al., 2019; Tandon et al., 2020), sus-
tainable food shopping (Panzone et al., 2016), and more general pro-
environmental behaviour (Bamberg, 2003; Saari et al., 2021). At the
same time, environmental concerns are reflected in the willingness to
prioritise environmental protection over economic growth (Costanza
etal., 2014; Daly, 2013), a concept often referred to a human utilization
of nature (Milfont and Duckitt, 2010).

However, pro-environmental behaviour can also be associated to
other types of concerns that individual decision-makers consider asso-
ciated to environmental degradation, or consumption reduction. For
instance, consumers may save energy to save money rather than on
environmental grounds (Nauges and Wheeler, 2017; Panzone, 2013),
yet the resulting behaviour will benefit the environment. Similarly,
consumers may reduce their meat consumption in response to animal
welfare concerns (Hoek et al., 2004; Perino and Schwickert, 2023), yet
their decision will reduce carbon emissions. In the case of food, a
common egoistic concern for consumers relates to food (in)security
(Brown et al., 2022; Kneafsey et al., 2013). The lack of food, or the
occasional or regular inability to access food is a known sort of stress and
concern for consumers, even in modern developed economies. These
concerns tend to stem from not having enough money to purchase food,
as well as the inability to source a sufficient amount of quality nutrients
as part of the diet of the family. Environmental degradation is often
associated to a decline in food security (Béné, 2020; Molotoks et al.,
2021; Vermeulen et al., 2012). Consumers can tackle concerns over food
insecurity by, for instance, opting for a more sustainable diet, as a way to
prevent shocks in the food system (Macdiarmid et al., 2012).

2.2. The relationship between concerns and motivation

We expect the effect observed in the literature between concern and
behaviour to be mediated by the personal shopping motives of the
consumer. Specifically, consumers shop for food, and more generally
make food-related decisions targeting the satisfaction of several con-
sumption goals, for instance long-term health, convenience, or sensory
appeal (Sautron et al., 2015; Steptoe et al., 1995). Health and food se-
curity are also reported in the literature as key consumer motives in
more recent research (Béné, 2020; Kneafsey et al., 2013). The outcome
of the choices made to satisfy these goals will result in diets with
differing levels of carbon emissions (Hoek et al., 2004), as different goals
will lead to choices with different environmental impacts. Indeed, these
motives can be private in nature: for instance, healthy eating, saving
money, or satisfying personal taste preferences gives benefits primarily
or purely to the decision-maker (Nadricka et al., 2020; Raghunathan
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etal., 2006; Visschers and Siegrist, 2015). Other motives are instead pro-
social in nature, for example protecting the environment, or more gen-
eral altruistic motives (Milfont et al., 2006; Sautron et al., 2015).

According to norm activation theory (NAT), the presence of a
concern plays an important motivational role (Fujii, 2006; Schultz,
2001). Knowledge of the damage caused by a behaviour activate con-
cerns by creating awareness of negative consequences of that action
(Bamberg, 2003; Saari et al., 2021; Tandon et al., 2020). This changed
awareness changes the cost-benefit assessment of the action, in turn
activating relevant social and personal norms in the mind of the
decision-maker (Steg, 2016). In the case of pro-environmental behav-
iours, food insecurity concerns are expected to increase the salience of
the negative consequences a wrong action can have on food consump-
tion, also motivating the protection of the environment as a mean to
protect food security itself, due to the close association between them
(Berry et al., 2015; Molotoks et al., 2021). NAT also emphasises that the
concern induces the individual to evaluate the action against a clear
norm of environmental preservation, that is, the general understanding
that damaging the environment is bad. The desire to comply to the
environmental norm will activate an environmental or related motive
that will lead to a more sustainable choice.

2.3. Theoretical model and testable hypotheses

The literature presented in the previous subsections provides a
framework to build a theoretical model of behaviour, presented in Fig. 1,
which borrows from other theoretical frameworks linked to the theory
of planned behaviour (Ajzen, 1991; Bagozzi and Kimmel, 1995). In this
model, consumers have concerns and beliefs over the consequences of
food (in)security (Brown et al., 2022; Kneafsey et al., 2013; Loopstra,
2018), in line with NAT. Based on the model of goal-directed behaviour
(MGB) (Aarts and Dijksterhuis, 2000; Perugini and Bagozzi, 2001),
concerns are part of self-regulatory process, and activate the motivation
to pursue an existing goal — which is equivalent to goal desire in MGB
parlance. Goal desire is captured by the activation of specific motives for
consumers to use when shopping; the intensity of each motive depends
fundamentally on the strength of the beliefs of the consumer, so that
stronger concerns and attitudes towards a specific object would be ex-
pected to lead to stronger motives to protect the object. As in self-
determination theory (Ryan and Deci, 2000), “perceived relatedness”
- which is captured by concerns — activates motivations, and the need to
act in line with social norms, as in NAT. The activation of congruent
motives then translates into a behavioural outcome, captured in this
model in terms of the carbon footprint of the diet. This step is also
supported by self-affirmation theory, who suggests that behaviour is
reflective of the underlying goals of the consumer (Schmeichel and
Vohs, 2009; Sherman and Cohen, 2006). Finally, socio-demographic
characteristics are expected to affect behaviour, as well as motives
and concerns (Dickson-Spillmann et al., 2011; Panzone et al., 2016).
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The resulting model can be seen in Fig. 1, where motives mediate the
role of concern on behaviour. In the analysis that will follow, we sepa-
rate two concerns: health-related food insecurity concerns, and
poverty-related food insecurity concerns; one environmental beliefs;
and three motives: pro-social motives, health motives, and private
motives. This classification is data-driven and obtained from exploratory
data analysis on the constructs presented in Section 3. The model allows
developing 4 sets of hypotheses.

A first set of hypotheses relates to health concerns. Consumers con-
cerned about the healthiness of the food they buy are expected to
translate this concern into motives that support healthiness (Prada et al.,
2017), as well as pro-social motives, which consumers expect to corre-
late with health (Lazzarini et al., 2016). Conversely, health concerns
should reduce the relevance of private motives, as healthy food may be
perceived as costly (Jones et al., 2018) or less tasty (Raghunathan et al.,
2006). The resulting hypotheses are:

Hla. Health-related food insecurity concerns increase the strength of
health motives.

H1b. Health-related food insecurity concerns increase the strength of
pro-social motives.

Hlc. Health-related food insecurity concerns reduce the strength of
private motives.

A second set of hypotheses relates to poverty concerns. Poverty
causes a significant amount of stress that causes short-sighted decision-
making - it induces individuals to favour present over future con-
sumption (Haushofer and Fehr, 2014), and make choices under signifi-
cant cognitive pressure (Mani et al., 2013). Poverty induces consumers
to focus their attention to private motives that require immediate
satisfaction, such as pleasure, at the expense of altruistic goals that
provide future benefits, for instance prioritise entertainment over work
in Bartos et al. (2021). As a result, poverty concerns associated to food
security may induce consumers to focus their attention to private mo-
tives such as taste, at the expense of pro-social goals such as environ-
mental preservation. At the same time, poverty concerns may detract
from health motives, as consumers target personal pleasure over future
health (Dominguez-Viera et al., 2023). This leads to the following
hypotheses:

H2a. Poverty-related food insecurity concerns reduce the strength of
health motives.

H2b. Poverty-related food insecurity concerns reduce the strength of
pro-social motives.

H2c. Poverty-related food insecurity concerns increase the strength of
private motives.

A third set of hypotheses relates to the role of beliefs over the
importance of the environment, which influence pro-environmental

Health-related
concerns

Personal
Characteristics

Poverty
Concerns

Environmental
Beliefs

H1

/'

H3

Health motives Diet-related

H4

. . Carbon
Pro-social motives Footprint
Private motives (KgCOz2e)

Fig. 1. Theoretical model.
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Table 1
Summary of variables included in the final model.
Construct Items Scale
Concerns How often do you feel concerned about certain characteristics of the foods you eat: From 1 = often to 4 = never

- The safety of the food we eat

- The presence of unhealthy ingredients in the food we eat (additives, residues, etc.)

- Not having money to buy enough food

- Lack of food due to emergencies, natural disasters or droughts

- Having health problems due to the diet
Environmental Belief
- The protection of the environment should have priority

Which of the following statements about the environment and the economy would you agree with?

1 = Environment should have priority.
0 = Economic growth should have priority.

- Economic growth should take priority, even if the environment is affected to some extent

Motives

They must be tasty products that I and my family like

When shopping for food, how much importance do you give to certain aspects?

From 1 = little to 10 = very much

- There should be no ingredients on the label that I consider unhealthy

- They must be fat-free products

- They must be of Italian origin (Made in Italy)
- They must be organic or zero km

They must be convenient or on offer

They must respect the environment

They must be quick to prepare

They must respect my religious beliefs
- They must not be industrially sourced, too refined
Consumption
- Meat
- Fish and seafood products
- Vegetables and legumes
- Dairy
- Fruit
- Ready meals
Gender
Education qualification
Age
Monthly income

Demographics

They must be produced by companies that respect workers

How often would you say you eat the following types of food?

From 1 = never to 5 = several times a day

0 = “Male”; 1 = “Female”

From “primary school” to “postgraduate”
From 18 to over 65

From “up to 1000 euros” to “>3000 euros”

behaviour (Bimbo, 2023; De Groot and Steg, 2007). Economic growth
has been often associated to high-carbon emissions (Mardani et al.,
2019) and a major challenge of our time is the design of economic
policies that can balance economic growth and environmental degra-
dation (Kopittke et al., 2019). This leads to the following hypotheses:

H3a. Environmental beliefs increase the strength of health motives.

H3b. Environmental beliefs increase the strength of pro-social
motives.

H3c. Environmental beliefs reduce the strength of private motives.

A final set of hypotheses relates to the relation between motives and
consumption. Pro-social motives, which include environmental motives,
would be expected to lead to pro-environmental behaviour, therefore
reducing the carbon footprint of the diet (Hoek et al., 2021; Kanay et al.,
2021; Saari et al., 2021). Similarly, in the case of health motives lead to
more sustainable diets (Macdiarmid et al., 2012; Springmann et al.,
2016), therefore leading to diets with a lower carbon footprint. On the
other hand, private motives tend to be associated to carbon-intensive
decisions: taste preferences give advantage to unhealthy foods (Raghu-
nathan et al., 2006), and convenient ready meals have higher carbon
emissions than home-cooked meals (Schmidt Rivera et al., 2014). The
final set of hypotheses is:

H4a. Health motives reduce the carbon footprint of diets.
H4b. Pro-social motives reduce the carbon footprint of diets.

H4c. Private motives increase to the carbon footprint of diets.
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3. Data and methods
3.1. Survey

The data were collected through interviews with a large sample (N =
2029) of the Italian population, aged 18 years and over.” The survey was
conducted on 18-26 January 2021 by the Demetra polling institute
using a mixed mode method: 50 % of the sample was interviewed using a
CATI (Computer Assisted Telephone Interviewing)-CAMI (Computer
Assisted Mobile Interviewing) approach; and 50 % of the sample was
interviewed using a CAWI (Computer Assisted Web Interviewing)
approach. The full sample was selected to reproduce national quotas for
four socio-demographic variables: gender, age group, regional distri-
bution, and area of residence (city centre; residential area; periphery; or
rural area). Table 1 reports all the questions asked to participants rele-
vant to this study. The full questionnaire is reported in Appendix A,
Table A1l. The rest of this section will describe the questions associated
to each construct in detail.

3.1.1. Concerns

To measure concerns, the survey contained 5 questions (Table 1),
capturing concerns from different areas of life associated to food secu-
rity, such as “safety of the food we eat”, “presence of unhealthy in-
gredients in the food we eat”, as well as “not having money to buy
enough food”. These are measured with a 4-point Likert scale, as coded
1 = frequently, 2 = sometimes, 3 = rarely, 4 = never. In our analysis, we
reverse this scale to ensure that it is in line with the other variables

2 The survey was carried out by the Department of Economics, Society, and
Politics (DESP) of the Carlo Bo University of Urbino, as part of the “Sustain-
ability and food [in]security” project. Notably, the questionnaire was longer,
and in order to keep the interview to a manageable length, a subset of the
question in the questionnaire was only asked to some of the participants. In this
study, we only include variables that were asked to the entire sample.
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considered.

3.1.2. Environmental beliefs: Human Utilization of Nature (HUN)

To capture the belief that environmental protection should take
priority over economic growth, we used the simplified version of the
Human utilization of Nature scale (Milfont and Duckitt, 2010). To this
extent, we measure Human Utilization of Nature using the question:
“Which statement about the environment and the economy would you
agree with?”. Respondents could choose either “Environmental protec-
tion should be a priority, even at the cost of constraining economic
growth”; or “Economic growth should take priority, even if the envi-
ronment is affected to some extent”. Answers were mutually exclusive.
We assign a dummy equal to 1 if the individual indicates the belief that
the environment should take priority, O otherwise.

3.1.3. Consumption motives

To measure consumption motives, the survey contained 11 questions
(Table 1). The question asked, “When shopping for food, how much
importance do you give to each of the following aspects?”. These
represent the level of importance given to certain food characteristics
when shopping for food and are expressed by Likert scales from 1 to 10
where 1 = little to 10 = a lot.

3.1.4. Food consumption and GHG

To determine food consumption, we used a food frequency ques-
tionnaire (Mulligan et al., 2014; Scarborough et al., 2014; Subar et al.,
2000). The question asked participants to indicate “How often would
you say you eat the following types of food?” for 6 food categories, on a
scale going from 1 to 5 where 1 = never and 5 = several times a day.
GHG emissions have then be calculated as follows:

e Answers to the frequency questions were converted into weekly
portions.

e Portions were then converted into weekly grams of food consumed
using the standard daily portion size for the Italian population as
indicated by the Italian Society of Human Nutrition (SINU, 2014).

e From weights, we calculated the carbon footprint, in Kg of COy
equivalents (KgCOze) of each food category by multiplying kilo-
grams of food by the carbon footprint per kilogram.

e The total carbon footprint of a diet is the sum of the individual
categories.

Food diaries are commonly used in nutrition research to study actual
behaviour, and their good performance in doing so is well established
(Mulligan et al., 2014; Scarborough et al., 2014; Subar et al., 2000); as a
result, the behavioural variable obtained from this approach should

Table 2
Conversion factors used to covert frequency of consumption to CO2e.
Food category Average standard Average Kg COqe (1 Kg CO, per
portion (Kg) kg of products) portion
Meat 0.075 24 1.8
Fish and seafood 0.10 6.6 0.66
products
Vegetables and 0.14 0.8 0.11
legumes
Dairy and eggs 0.081 6.4 0.52
Fruit 0.15 0.7 0.11
Ready meals” / / 3.5

? For ready meals, we don’t have standard daily portion and we have no
available carbon footprint information so we used the average of different ready
meals emissions (meat-based ready meals, fish-based ready meals, and pizza),
whose emissions were estimated from the carbon footprint of the main in-
gredients and cooking process (Clark et al., 2022; Schmidt Rivera et al., 2014;
Schmidt Rivera and Azapagic, 2019).

Source: Societa Italiana di nutrizione umana, 2014; Clark et al., 2022; Poore and
Nemecek, 2018.
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capture actual consumption as opposed to stated consumption.

Table 2 shows the standard portions of each average food category
and its carbon footprint (in CO.e). Carbon emissions in a category has
been determined by averaging the carbon footprint of the various food
items within it, using published data (Clark et al., 2022; Poore and
Nemecek, 2018) (see also Table A2 in Appendix A). In the case of meat,
we used the data in Table 2 as follows: the average portion, 0.075 kg,
was multiplied by the average carbon footprint per Kg of meat (24 kg
CO2e), to obtain the carbon footprint per portion as 1.8 kg CO:ze; this
value was then multiplied by the weekly portions, so that a consumer
eating meat “once or twice a week” had 1.5 portions/week, resulting in
the emission of 2.7 kgCOze from meat consumption, while the value
would go to 6.3 kgCO:e for a consumer eating meat three or four times a
week (3.5 portions/week), 11.7 kgCOze for every day or almost (6.5
portions/week) and 19.8 kgCO:ze for more than once a day (11 portions/
week). Then we repeat it for all categories. Only for ready meals we
perform a different procedure as there is no standard portion indicated
by the LARN but we find in the literature directly the kg of COz produced
per portion (Clark et al., 2022; Schmidt Rivera and Azapagic, 2019;
Schmidt Rivera et al., 2014).

3.1.5. Demographics

Finally, the survey collected information on the socio-demographic
characteristics of the sample (Table 1): respondent age, in 5 bands
ranging from 18 years to over 65; gender; education, in 5 different
classes, ranging from primary schools to postgraduate degree; and
monthly income, in bands ranging from 1000 euros or less, to >8000
euros. Respondents above € 3000 were aggregated to obtain a more
homogeneous class in terms of size, as very few respondents had very
high salaries.

3.2. Statistical analysis

To estimate the parameters of the model described in Section 3, we
use a Structural Equation Model (SEM) approach, which merges two
methods: regression analysis and factor analysis. In particular, the
structural part of the model, which reflects the model of Section 3, is
expressed as:

COy =Py + B Xi + .M + e
M; = ap + 01 X; + 0 C; + u;
Ci=y +rX+e

@

where CO,; is the carbon footprint of the diet of consumer i, M; refers to
motives, C; are concerns and environmental beliefs, and X; are de-
mographics. We estimate the model suing a full-information Maximum
Likelihood (FIML) estimator: this approach is simpler and more flexible
than alternative methods (e.g., multiple imputations) to handle missing
values in independent variables. Specifically, the approach uses the
variables in the model to predict the missing variables, under the as-
sumptions of joint normality of all variables (observed and latent), and
that missing values are random (Acock, 2013).

4. Results
4.1. Summary demographics

Table 3 describes the demographic characteristics of the 2029 re-
spondents, comparing them with the Italian population using data from
the national Institute of Statistics (http://dati.istat.it/). The sample
consists of 47.81 % men and 52.19 % women. The majority of the
sample is over 65 (26 %) followed by 24 % of the 30-44 age group with
an average age of 51, slightly above the average of the Italian population
(which however includes individuals below the age of 18). Most of the
sample had a high school diploma, and the modal income is between
1500 and 2000 euros. The sample compares well with the Italian
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Table 3
Results of descriptive analyses of demographic variables.

Sustainable Production and Consumption 39 (2023) 451-465

Demographics Frequency Sample National (2020)
Gender Male 970 47.81 % 48.82 %
Female 1059 52.19 % 51.18 %
Age 18-29 285 14.05 % 11.96 %
30-44 487 24.00 % 17.77 %
45-54 404 19.91 % 15.95 %
55-64 322 15.87 % 14.89 %
65 or over 531 26.17 % 23.80 %
Education qualification Primary school 77 3.79 % 15.90 %
Middle school 293 14.44 % 32.19%
High school diploma 965 47.56 % 36.63 %
University - Undergraduate (UG) 575 28.34 % 15.28 %
University — Postgraduate (PG) 119 5.86 % (UG + PG)
Level of income up to 1000 euros 293 14.44 % € 2,046"
1000-1500 euros 373 18.38 %
1500-2000 euros 418 20.60 %
2000-2500 euros 240 11.83 %
2500-3000 euros 227 11.19%
Over 3000 euros 303 14.93 %
 Salary refers to monthly estimate from a median yearly salary of € 26,597 (for 13 mensilities).
population in terms of gender age, and income, but includes individuals Table 4
with an overall higher education — in particular, the survey contains Rotated factor loadings and unique variances for “Concerns”.
fewer respondents with primary school or middle school education, and - -
. . . . Variable Health & Poverty Uniqueness
more respondents with high school of university degree. safety concerns
concerns
4.2. The carbon footprint from food consumption in the sample The safety of the food we eat 0.8343 0.1139 0.2910
The presence of unhealthy 0.8467 0.0642 0.2790
Fig. 2 portrays the distribution of carbon footprint from food con- ingredients in the food we eat
sumption in the sample of 2029 respondents. On average, individuals (additives, residues, etc.)
are estimated to emit on average of 13.43 kg COze per week from food Nof:):;vmg money to buy enough 0.0764 0.8766 0.2258
consumption (s.d. = 7.79), with a minimum value of 2 and a maximum Lack of food due to emergencies, 0.1967 0.8140 0.2986
of 73.65 kg COze. Moreover, the data shows that the distribution is natural disasters or droughts
noticeably positively skewed, with a small number of consumers with Having health problems due to the ~ 0.5925 0.3551 0.5228
very high carbon emissions, and a larger number of consumers with diet
Proportion of explained variance 0.3617 0.3149

lower values.

300

200

Frequency

100

Note: The proportion of explained variance is based on the factors after rotation.
Terms with correlation above 0.55 are highlighted in bold.
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Fig. 2. Histogram of diet-related GHG emissions in the sample (kgCO2e).
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Table 5
Rotated factor loadings and unique variances for “Motives”.
Motives
Variable Health & Private 1: Private 2: Uniqueness
Pro-social Constraints Taste
They must be tasty products that I and my family like 0.2411 0.1044 0.8141 0.2682
There should be no ingredients on the label that I consider unhealthy 0.7452" 0.0341 0.0399 0.4419
They must be fat-free products 0.5489" 0.4208 —0.0293 0.5208
They must be of Italian origin (Made in Italy) 0.7498° —0.0605 0.1536 0.4106
They must be organic or zero km 0.7713° 0.0394 —0.1360 0.3851
They must be cheap or on offer 0.0141 0.6596 0.4310 0.3789
They must respect the environment 0.8146° 0.0100 0.1061 0.3250
They must be quick to prepare 0.0675 0.7685 0.0351 0.4036
They must be produced by companies that respect workers 0.7583° 0.0065 0.1603 0.3992
They must respect my religious beliefs 0.3104 0.5481 —0.4129 0.4328
They must not be industrially sourced, too refined 0.6775" 0.0793 —0.0852 0.5274
Proportion of explained variance 0.3519 0.1388 0.1008

Note: p = pro-social motive; h = health motive. The proportion of explained variance is based on the factors after rotation.

4.3. Measurement model

SEM measures the relationships between a series of latent variables,
but it does not automatically determine the underlying structure of these
variables, which has to be established a priori by the investigator
(Acock, 2013; MacCallum and Austin, 2000). To this extent, we run an
exploratory factor analysis of the variables in the dataset before running
the SEM. This exploratory analysis reduces the vulnerability of the
model to measurement error and gives a more precise interpretation to
the final model (Acock, 2013; Ricci et al., 2018). Throughout, we used a
principal component analysis with oblimin rotation, which allows for
correlated factors.

Table 4 shows that the five concerns variables can be grouped into
two concerns: Health & safety concerns about the diet, related to the
health element of food security; and poverty concerns related to the
inability to have enough food to eat, either due to lack of money to buy
it, or due to external environmental factors such as natural disasters.
Table 6 indicate that health and safety concerns have a reasonable
sampling adequacy, with KMO > 0.60, while poverty concerns have a
low sampling adequacy, with KMO = 0.5; the Bartlett test of sphericity
indicates that in all cases the variables are intercorrelated, supporting
the use of a factor analysis.

Similarly, Table 5 shows that the eleven shopping motives converge
into three factors: a first factor contains health motives, related to the
interest in products with no unhealthy ingredients, that are fat-free, and
that are not industrially sourced, as well as pro-social motives, related
to an interest in Italian food, organic or zero km food, food that respects
the environment, and food produced by companies that respect workers;
the other two factors refer to private motives, that is the search for
products that are not expensive, quick to prepare, and respectful of
religious beliefs (factor 2), and tasty (factor 3).

In the SEM analysis, we use three motives: we separate health mo-
tives and pro-social motives, which loaded together in the first factor, to
understand the contribution of each element to the carbon footprint of
diets, as these motives have important conceptual differences related to
the beneficiary of the action (self vs other); and we merge the two pri-
vate motives into a single variable, as they cover the same set of un-
derlying interests. Table 6 indicates that sampling adequacy is very good
for pro-social motives, and acceptable for Health & Safety Concerns and
health motives; while it is low for poverty concerns and private motives.
As before, the Bartlett test of sphericity indicates that in all cases the
variables are intercorrelated, supporting the use of a factor analysis.

Table 6 reports the estimated Cronbach’s alpha® for each of the
constructs used in the SEM analysis. Results indicate that pro-social

3 Cronbach’s alpha indicates strong reliability if o > 0.8, good reliability if
0.7 < a < 0.8, and acceptable reliability if 0.6 < a < 0.7.

457

concerns have strong reliability (« = 0.82); and health and safety con-
cerns, poverty concerns, and health motives all have an acceptable
reliability (0.7 > a > 0.65). Private motives have the lowest reliability
(o = 0.44), which is explained by the very different items represented by
the variables in this factor.

4.4. Structural equation model

Table 7 presents the estimated standardized parameters of the SEM,
using the structure derived from the previous section. The model is
estimated using a maximum likelihood. As indicated in Section 3.2, the
methodological approach we used retained all observations with
missing values by estimating the missing observations using all variables
(observed and latent) in the model. Consequently, Table 7 contains all
2029 observations; the same model estimated with the 1836 complete
observations (90.5 % completion rate) is presented in Table A3 in
Appendix A, providing very similar results, and it is not discussed here.

A likelihood ratio test indicates that the present model performs
better than both a saturated model (Chi2 (286) = 1440.30, p < 0.001)
and a baseline model that includes mean, variances, and covariances of
all exogenous variables (chi2 (423) = 10,328.161, p < 0.001). The
model also performs well in all measures of fit: the Comparative fit index
CFI is 0.88 (benchmark would be 1) and the Root mean squared error of
approximation RMSEA equals 0.045 (benchmark would be 0).

Results (Table 7) indicate that behaviour, measured in terms of the
carbon footprint of diets in KgCOqe, is significantly related to consumer
motives. In particular, an increase in one standard deviation in health
motives lead to a reduction in carbon footprint of 0.29 standard de-
viations, as predicted in hypothesis H4a. Pro-social motives, on the other
hand, are unrelated to the carbon footprint of diets, contradicting hy-
pothesis H4b. Conversely, private motives are positively related to car-
bon emissions, in line with hypothesis H4c, with one standard deviation

Table 6

Cronbach’s alpha for the constructs used in the analysis.
Synthesis variables Cronbach’s « KMO Bartlett >
Health & safety concerns 0.6866 0.642 1061.74***
Poverty concerns 0.6634 0.500 570.69***
Pro-social motives 0.8239 0.775 2897.47%**
Health motives 0.6728 0.645 947.17
Private motives 0.4431 0.579 376.02%**

Significance is as follows: * =p < 0.1; ** =p < 0.05; *** = p < 0.01. Note: KMO
= Kaiser-Meyer-Olkin Measure of Sampling Adequacy; Bartlett v = Bartlett test
of sphericity.

increase in private motives increasing the carbon footprint by 0.33
standard deviations. As a result, consumers holding strong health mo-
tives have diets that are lower in carbon emissions compared to those
with weak health motives; while consumers with strong private motives
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Table 7

Results from the Structural Equation Model, standardized (maximum likelihood with missing values).

CO2e Motives Concerns Env. beliefs (HUN)
Pro-social motives Health Private Health & Safety Poverty

Structural Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Intercept 0.137 / / / / / / / / / / / /
Pro-social motives 0.074 0.090 / / / / / / / / / / / /
Health motives —0.294%** 0.093 / / / / / / / / / / / /
Private motives 0.329%** 0.043 / / / / / / / / / / / /
Env. beliefs / / 0.071%** 0.022 0.076** 0.025 —0.092%** 0.031 / / / / / /
Health & safety conc. / / 0.369%** 0.033 0.440%** 0.038 —0.081* 0.050 / / / / / /
Poverty concerns / / —0.079* 0.042 —0.091* 0.048 0.332%%* 0.059 / / / / / /
Female 0.055%* 0.023 —0.044** 0.022 —0.020 0.026 —0.051* 0.033 —0.128%** 0.026 —0.091%** 0.025 0.031 0.022
Age: 18-29 Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline
Age: 30-44 —0.044 0.032 0.040 0.031 0.040 0.036 —0.042 0.045 0.057* 0.037 0.006 0.036 0.002 0.032
Age: 45-54 —0.135%** 0.318 0.106%** 0.030 0.127%** 0.035 0.034 0.045 0.049 0.037 —0.066* 0.035 0.046* 0.031
Age: 55-64 —0.170%** 0.034 0.271%** 0.030 0.179%** 0.035 —0.070* 0.045 0.068* 0.036 —0.117%** 0.034 0.020 0.030
Age: >65 —0.020%** 0.038 0.418%** 0.034 0.294%** 0.040 0.040 0.052 0.012 0.040 —0.269%** 0.038 0.080** 0.034
Primary school Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline
Secondary school —0.020 0.047 —0.006 0.045 —0.015 0.053 0.046 0.067 0.027 0.054 —0.008 0.052 0.109%* 0.046
Diploma 0.069 0.064 —0.147** 0.062 —0.120* 0.073 —0.087 0.092 0.104 0.073 —0.115* 0.071 0.263*** 0.062
UG degree 0.061 0.060 —0.168%** 0.058 —0.135%* 0.068 —0.066 0.087 0.116* 0.068 —0.202%** 0.066 0.269%** 0.058
PG degree 0.073%** 0.037 —0.080%* 0.036 -0.077* 0.042 —0.051 0.054 0.068* 0.043 —0.096** 0.041 0.144%** 0.036
Income: < 1000 Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline
Income: 1000-1500 0.042 0.031 —0.068** 0.030 —0.016 0.035 —0.031 0.044 0.030 0.035 —0.120%** 0.034 —0.052* 0.030
Income: 1500-2000 0.090%** 0.033 —0.084%** 0.033 —0.007 0.038 —0.022 0.048 0.029 0.037 —0.269%** 0.035 0.005 0.031
Income: 2000-2500 0.072%* 0.030 —0.058%* 0.030 —0.023 0.035 —0.029 0.044 —0.013 0.034 0.268%** 0.032 —0.010 0.028
Income: 2500-€000 0.075%** 0.030 —0.048* 0.030 —0.024 0.035 —0.054 0.044 —0.051* 0.337 —0.303*** 0.032 —0.003 0.029
Income: > 3000 0.118% 0.034 —0.086%** 0.034 —0.007 0.040 —0.081* 0.050 0.010 0.036 —0.404%%** 0.033 0.021 0.031
Income: NA 0.054* 0.029 —0.018 0.028 0.013 0.033 —0.071* 0.041 0.012 0.032 —0.184%%* 0.031 —-0.017 0.027

Significance is as follows: * = p < 0.1; ** = p < 0.05; **

* = p < 0.01. Number of observations: 2029. Estimation method = maximum likelihood with missing values. Log Likelihood = —75,897.38. Note: UG = un-

dergraduate; PG = postgraduate. The model allows for correlated residuals of the following pairs of equations: Pro-Social Motives-Health Motives; Private Motives-Health Motives; Pro-Social Motives-Private Motives;
Health & Safety Concerns-Poverty Concerns.
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are characterised by diets higher carbon emission than those with weak
private motives. Table A4 in Appendix A shows the same regression of
Eq. (1) repeated separately by category. Results indicate that the
reduction in carbon footprint due to health motives is driven by a
reduction in the consumption of meat and ready meals; while pro-social
motives are positively associated to the carbon footprint from the con-
sumption of fruit and vegetables. The reduction in carbon footprint from
the reduction of private motives is linked to a reduction in the con-
sumption of meat, fish, dairy and ready meals, also reducing the con-
sumption of low-carbon substitutes like vegetables and fruit.

Concerns play an important role in the activation of these motives.
Specifically, health motives and pro-social motives are higher in those
respondents who report higher health & safety concerns, in line with
hypotheses H1a and H1b. Health & safety concerns are also negatively
correlated (at 10 % level of significance) with private motives, con-
firming hypothesis H1c. Poverty concerns, on the other hand, reduce both
pro-social motives and health motives, supporting hypotheses H2a and
HZ2b; and increase private motives, supporting hypotheses H2c. Finally,
respondents with stronger environmental beliefs (HUN 1) have
significantly higher pro-social and health motives, in support of hy-
potheses H3a and H3b, respectively, as well as lower private motives, in
line with hypothesis H3c. As a result, an increase in health and safety
concerns, and stronger environmental beliefs lead to a lower diet-related
carbon footprint, by increasing health motives and reducing private
motives; on the other hand, an increase in poverty concerns is conducive
to an increase in diet-related carbon emissions through an increase in
private motives, and a reduction in health motives.

Table 8 estimates the indirect effect of concerns and beliefs on the
carbon footprint of the diet, calculated as the product az e ,, where a3
and f, are the coefficient in Eq. (1) (MacKinnon et al., 2007). Results
indicate that one standard deviation reduction in health and safety be-
liefs reduce the carbon footprint of the diet by 0.13 standard deviations
through an increase in health motives, and by 0.03 standard deviations
through a reduction in private motives. One standard deviation increase
in poverty concerns, on the other hand, leads to an increase of the car-
bon footprint of the diet by 0.11 standard deviations through an increase
in private motives, and by 0.03 standard deviations through a reduction
in the importance of health motives. Finally, one standard deviation
increase in environmental beliefs leads to reductions in diet-related
carbon emissions of 0.02 standard deviations by increasing the impor-
tance of health motives, and of 0.03 standard deviations by reducing the
relevance of private motives.

In terms of demographics, Table 7 indicates that women have diets
with lower carbon footprint than men, but they do not differ in any of
their motives, only showing marginally lower private motives. Carbon
emissions also decrease with age, and increase (non-linearly) with in-
come and post-graduate education. In terms of the psychological con-
structs, pro-social and health motives, and environmental beliefs
increase with age, while age is unrelated (at 5 % significance) to private
motives and health & safety concerns. Conversely, poverty concerns
reduce with age. Education is associated to stronger environmental

Table 8
Estimated indirect effects of concerns and believes on diet-related carbon
footprint.
via Effect S.E.
Health & safety concerns Health motives —0.129%** 0.036
Private motives —0.027* 0.017
Pro-social motives 0.027 0.033
Poverty concerns Health motives 0.027* 0.016
Private motives 0.109%** 0.024
Pro-social motives —0.006 0.008
Env. beliefs Health motives —0.022%* 0.010
Private motives —0.030%** 0.011
Pro-social motives 0.005 0.007

Significance is as follows: * = p < 0.1; ** = p < 0.05; *** = p < 0.01. standard
errors are based on Eq. (4) in MacKinnon et al. (2007).
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beliefs, but reduces pro-social and health motives, as well as poverty
concerns; while there is no significant relation between education and
private motives and health & safety concerns. Finally, income is
inversely related to pro-social motives and poverty concern.

5. Discussion

This study explored the link between food insecurity concerns and
the carbon footprint of diets. A key ambition of climate change policy is
to motivate (intrinsically) consumers to make sustainable food choices
over time (Hoek et al.,, 2021; Panzone et al., 2021a; Vermeir et al.,
2020). To do so, this study explores the psychological drivers of
behaviour, with a specific focus on the motivating role of food insecurity
concerns and environmental beliefs on the environmental impact of
what consumers eat. Our analysis is a step forward from previous work
as it connects purchase motivations and dietary behaviour, measured
using a food frequency questionnaire. This section analyses and con-
textualises the results, with a view of highlighting the relevance to
theory and practice.

5.1. The role of motives, beliefs and concerns in GHG reductions

Food consumption goes beyond its primary function of satisfying
hunger, and increasingly consumers pay attention to the environmental
impact of their diets (Saari et al., 2021; Tandon et al., 2020). A general
premise in the study of sustainable consumption is that pro-
environmental behaviour can be made more likely by increasing the
relevance of environmental motives (Cerri et al., 2018; Panzone et al.,
2021a; Perino and Schwickert, 2023). For example, pro-environmental
motivations, concerns regarding natural resources, or the beliefs of the
importance of nature conservation should increase the likelihood of
purchasing of low-carbon products (Camilleri et al., 2019; Panzone
et al., 2021a). While this relationship between motives and behaviour
may be appropriate in many instances, this study shows that consumers
reduce the carbon footprint of their diet in response to health motives,
not pro-social ones. These results are in line with previous work on
Italian consumers, who find that health preferences rather than altruistic
motives explain memberships to a solidarity purchase group (Baldi
et al., 2019). However, while health motives are those motivating con-
sumers to pursue a low-carbon diet, they are activated by the environ-
mental beliefs of the individual, as well as their health & safety concerns;
as a result, environmental preference play a role in the carbon footprint
of a diet (as shown in Kanay et al., 2021; Muller et al., 2019; Panzone
et al., 2021a; Panzone et al., 2021b), although an indirect one.

At the same time, environmental beliefs play a critical role in the
carbon footprint of a food basket. Specifically, environmental beliefs
operate through two separate pathways: firstly, they increase health
motives; and they reduce private motives. Both pathways lead to a net
reduction in carbon emissions. This result is consistent with the litera-
ture (De Groot and Steg, 2007; Milfont and Duckitt, 2010), which views
beliefs as a key driver of pro-environmental behaviour, by increasing the
attention of the decision-maker on the impact of a behaviour on society
as opposed as to the self only.

On the other hand, the diets of consumers who are more concerned
about food poverty caused by food security have higher carbon foot-
print. This result may seem counterintuitive, because consumers con-
cerned with poverty would be expected to spend less and save more
(Bowman et al., 1999; Jones et al., 2018), an action that should lead to
less — rather than more — GHG. However, poverty concerns increase the
importance of private motives, such as convenience, low price, religion,
and personal taste, which are associated to a diet higher in carbon
footprint. At the same time, the result may be caused by consumers over-
discounting future consumption (Prelec and Loewenstein, 1991; Zau-
berman et al., 2009): consumers concerned about not eating tomorrow
are driven to indulge or overconsume today, giving priority to carbon-
intensive products, consistent with short-sighted preferences
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commonly characterising poorer individuals (Haushofer and Fehr,
2014). At the same time, the positive effect between poverty concerns
and carbon emission may seem to conflict with the positive relationship
between income and carbon emissions in Table 7: as incomes grow,
consumption also grow, and so does the carbon footprint of the house-
hold. However, as income grows, households become less concerned
with not having money to buy food, and this security reduces poverty
concerns, in turn reducing their carbon footprint of the household; the
overall effect will depend on the characteristics of each household. On
the other hand, poverty concerns refer to individuals who fear they may
become poor in the future, an effect that gives an incentive to over-
consume now, as indicated above.

This result is important in our understanding of the psychology of
sustainable consumption. Recent research has increasingly supported
the notion that while climate change goals can only be achieved by
reducing the consumption of certain unsustainable categories of food,
primarily meat, consumers do not find this change easy (Attwood and
Hajat, 2020; Bimbo, 2023; Coker et al., 2022). This study shows that
while concerns over the health impact of food security can reduce car-
bon emissions, this effect is counterbalanced by the increase in carbon
footprint due to increasing concerns over food poverty caused by food
security. Scenarios where consumers who are concerned over food se-
curity also have a large carbon footprint may be due to a sizeable effect
of poverty concerns, which may be increasing their carbon emissions
more than the reduction caused by a lower income or stronger health
concerns. From a policy perspective, the ability to mitigate food poverty
concerns would be expected to facilitate efforts to reduce the carbon
footprint of diets, all else equal.

5.2. Consumer behaviour and Net Zero targets

A key point of this research is that consumers are pivotal in driving
large scale changes in behaviour. Research highlights that consumers do
not feel sufficiently empowered to significantly change the sustainabil-
ity of the food system (Kneafsey et al., 2013; Macdiarmid et al., 2013),
and they lack the knowledge to make correct assessments of the envi-
ronmental impact of food choices (Panzone et al., 2020; Shi et al., 2018;
Whitmarsh et al., 2011). Yet, a better understanding of the difficulties
consumers encounter, as well as clear perspective of the drivers of the
carbon footprint of consumers can support policymakers and marketeers
in designing better policies that can achieve NetZero targets (Allen et al.,
2022; Fankhauser et al., 2022). The results from this article can be also
used for the design of interventions targeting different groups of people.
Increasingly, there is a need to intervene directly where consumers make
choices, e.g., in a supermarket (Panzone et al., 2021a; Panzone et al.,
2021b), and nudging could be used to exploit the findings of this

Appendix A

Table Al
Questionnaire — translated version in English.
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research. For instance, framing effects have often been used to nudge
consumers towards environmentally-friendly behaviours (Bolderdijk
et al., 2013; Carlsson et al., 2021; Ropret Homar and Knezevi¢ Cvelbar,
2021). Based on the results of this article, in the Italian population di-
etary carbon footprints could be reduced in a natural or field experi-
mental setting through the use of health frames, as opposed to
environmental frames. This frame would activate health concerns,
nudging consumers to healthier and more sustainable food choices. At
the same time, interventions should try to suppress or control poverty
concerns, which are associated to higher carbon footprints.

6. Conclusions

This study shows that consumers play an important role in driving
change towards more sustainable, low-carbon food consumption pat-
terns. We specifically study concerns over food (in)security, and their
role on the decision-making of a sample of Italian consumers. Our result
clearly suggest that it is important to sensitise consumers to the
importance of food security, both in terms of the benefits to the envi-
ronment, but especially on personal health. Over time, investments that
educate consumers to the environmental problem, even if only justified
as a way to protect personal health and wealth, can lead to stable re-
ductions in carbon emissions, which may be able to strengthen society
through lower healthcare costs and more environmental public good
provision. Moreover, consumers have, through their purchasing choices,
a strong role in driving environmentally responsible production
methods, which can ensure the food system is secure for the present and
future generations. We hope that concerns over the environmental
impact of consumer choices, which may arise from this study will
motivate the design of low-carbon interventions!
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Question Answer

What gender do you identify with? Male
Female

Please indicate your birth year [open ended]

What is the highest education qualification you have?

How often would you say you eat the following types of food?
(1 = Never; 2 = Once or twice a week; 3 = Three or four times a week;
4 = Every day or almost; 5 = Several times a day)
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Elementary school

Secondary school

Diploma

Degree

Post-graduate degree (master, PhD..)
Meat

Fish and seafood products
Vegetables and legumes

(continued on next page)
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Table A1 (continued)

Question Answer

Bread, pasta, rice
Sugar, jams, honey, chocolate and confectionery
Milk, cheese and eggs
Fruit
Ready meals
Wine and alcoholic beverages
Mineral waters, soft drinks, fruit and vegetable juices
When shopping for groceries, how much importance do you give, on a scale of 1 to 10, to each of ~ They must be tasty products that I and my family like
the following? There should be no ingredients on the label that I consider unhealthy
They must be fat-free products
They must be of Italian origin (Made in Italy)
They must be organic or zero km
They must be convenient or on offer
They must respect the environment
They must be quick to prepare
They must be produced by companies that respect workers
They must respect my religious beliefs
They must not be industrially sourced, too refined

How often do you feel concerned, for yourself or your family members, about The safety of the food we eat
(frequently, sometimes, rarely, never) The presence of unhealthy ingredients in the food we eat (additives, residues,
etc.)

Not having money to buy enough food
Lack of food due to emergencies, natural disasters or droughts
Having health problems due to the diet

Which of the following statements about the environment and the economy would you agree Environmental protection should be a priority, even at the cost of slowing
with? economic growth
Economic growth should take priority, even if the environment suffers to some
extent
Can you tell me what your family’s monthly net income is closest to? Less than €600

Between €600 and €1000

Between €1000 and €1500
Between €1500 and €2000
Between €2000 and €2500
Between €2500 and €3000
Between €3000 and €4000
Between €4000 and €5000
Between €5000 and €8000

Over €8000
Table A2
Greenhouse gas emissions across the supply chain.
GHG (kg CO2eq)
Product LuUC Feed Farm Processing Transport Packaging Retail Sum Average
Meat Bovine Meat (beef herd) 16.3 1.9 39.4 1.3 0.3 0.2 0.2 59.6 24.0
Bovine Meat (dairy herd) 0.9 2.5 15.7 1.1 0.4 0.3 0.2 21.1
Lamb & Mutton 0.5 2.4 19.5 1.1 0.5 0.3 0.2 24.4
Pig Meat 1.5 2.9 1.7 0.3 0.3 0.3 0.2 7.3
Poultry Meat 2.5 1.8 0.7 0.4 0.3 0.2 0.2 6.1
Animal Fats 2.0 2.4 1.2 0.4 0.3 0.3 0.2 6.7
Buffalo 9.6 2.2 29.0 1.2 0.4 0.3 0.2 42.8
Fish and seafood Fish & Crustaceans (capture) 0.0 0.0 2.4 0.0 0.1 0.1 0.1 2.8 6.6
Fish (farmed) 0.5 0.8 3.6 0.0 0.1 0.1 0.0 5.2
Crustaceans (farmed) 0.2 2.5 8.4 0.0 0.2 0.3 0.2 11.9
Vegetables and legumes Other Pulses 0.0 0.0 1.1 0.0 0.1 0.4 0.0 1.6 0.8
Peas 0.0 0.0 0.7 0.0 0.1 0.0 0.0 0.9
Tomatoes 0.4 0.0 0.7 0.0 0.2 0.1 0.0 1.4
Onions & Leeks 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.4
Root Vegetables 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.4
Brassicas 0.0 0.0 0.3 0.0 0.1 0.0 0.0 0.4
Other Vegetables 0.0 0.0 0.2 0.1 0.2 0.0 0.0 0.5
Dairy and eggs Soymilk 0.2 0.0 0.1 0.2 0.1 0.1 0.3 0.9 6.4
Milk 0.5 0.2 1.5 0.1 0.1 0.1 0.3 2.8
Cheese 4.5 2.3 13.1 0.7 0.1 0.2 0.3 21.2
Eggs 0.7 2.2 1.3 0.0 0.1 0.2 0.0 4.5
Butter, Cream & Ghee 0.5 0.2 1.5 0.1 0.1 0.1 0.3 2.8
Fruit Citrus Fruit -0.1 0.0 0.3 0.0 0.1 0.0 0.0 0.3 0.7
Bananas 0.0 0.0 0.3 0.1 0.3 0.1 0.0 0.7
Apples 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.4
Berries & Grapes 0.0 0.0 0.7 0.0 0.2 0.2 0.0 1.2
Other Fruit 0.1 0.0 0.4 0.0 0.2 0.0 0.0 0.8

Source: Poore and Nemecek, 2018.

461



29

Table A3

Results from the structural equation model standardized (maximum likelihood).

CO2e Motives Concerns Env. beliefs
Pro-social motives Health Private Health & Safety Poverty

Structural Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Intercept 1.981%** 0.1607 / / / / / / / / / / / /
Pro-social motives 0.074 0.0859 / / / / / / / / / / / /
Health motives —0.286%** 0.089 / / / / / / / / / / / /
Private motives 0.303%*** 0.044 / / / / / / / / / / / /
Env. beliefs / / 0.075%** 0.023 0.081** 0.026 —0.081%** 0.032 / / / / / /
Health & safety conc. / / 0.370%** 0.034 0.423%** 0.038 —0.106** 0.050 / / / / / /
Poverty concerns / / —0.086** 0.041 —0.088* 0.047 0.330%** 0.059 / / / / / /
Female 0.053** 0.024 —0.038* 0.023 —-0.016 0.027 —0.062* 0.033 —0.118%%** 0.028 —0.093%** 0.026 0.026 0.024
Age: 18-29 Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline
Age: 30-44 —0.049 0.033 0.043 0.032 0.043 0.037 —0.039 0.047 0.060* 0.039 0.009 0.037 0.004 0.033
Age: 45-54 —0.136%** 0.033 0.113%** 0.032 0.136%** 0.036 0.040 0.046 0.054 0.038 —0.069* 0.036 0.047 0.032
Age: 55-64 —0.150%** 0.035 0.281 0.030 0.195 0.035 —0.065 0.046 0.080%** 0.037 —0.115%** 0.035 0.015 0.031
Age: >65 —0.207%%** 0.037 0.392%%* 0.033 0.282%** 0.039 0.058 0.050 0.035 0.040 —0.228%x* 0.037 0.071%* 0.034
Elementary school Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline
Secondary school —-0.019 0.054 —-0.037 0.052 —0.026 0.060 0.095 0.076 0.055 0.063 —0.012 0.060 0.116%* 0.053
Diploma 0.076 0.077 —0.202* 0.073 —0.126* 0.085 —0.056 0.108 0.127 0.089 —-0.115 0.084 0.263** 0.075
UG Degree 0.059 0.072 —0.219%* 0.069 —0.146* 0.080 —0.026 0.103 0.133* 0.083 —0.214%%* 0.078 0.271%** 0.070
PG degree 0.071* 0.043 -0.107* 0.042 —0.078* 0.048 —0.029 0.062 0.072 0.051 —0.102%* 0.048 0.144%%* 0.043
Income: < 1000 Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline
Income: 1000-1500 0.032 —0.044 0.031 —0.016 0.036 —0.039 0.046 —0.004 0.038 0.036 —0.052* 0.032
Income: 1500-2000 0.035 —0.062* 0.034 —0.001 0.040 —0.032 0.050 0.018 0.040 0.037 0.005 0.034
Income: 2000-2500 0.031 —0.051* 0.031 —0.033 0.036 —0.031 0.045 —0.026 0.036 0.033 —-0.010 0.030
Income: 2500-3000 0.031 —0.033 0.031 —0.024 0.036 —0.058 0.046 —0.062* 0.036 —0.294%%* 0.033 —0.003 0.031
Income: > 3000 0.035 —0.080** 0.036 —-0.011 0.040 —0.096* 0.052 0.006 0.038 —0.406%** 0.035 0.021 0.032
Income: NA 0.029 —0.005 0.028 0.000 0.033 —0.077* 0.041 0.012 0.033 —0.189%** 0.031 —-0.017 0.028

Significance is as follows: * = p < 0.1; **

the following pairs of equations: Pro-Social Motives-Health Motives; Private Motives-Health Motives; Pro-Social Motives-Private Motives; Health & Safety Concerns-Poverty Concerns.

p < 0.05; *** = p < 0.01. Number of observations: 1836. Estimation method: maximum likelihood. Log Likelihood = —68,728.394. The model allows for correlated residuals of
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Table A4
Results from the structural equation model by category, standardized (maximum likelihood with missing values).
Meat Fish Vegetables Dairy Fruit Ready meals
Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Intercept 1.9428*** 0.1389 1.4864*** 0.1434 1.7282%** 0.1413 2.0364*** 0.1423 1.6928*** 0.1420 0.7709%** 0.1354
Pro-social —0.0428 0.0891 0.0182 0.0925 0.2417%** 0.0892 0.1112 0.0906 0.2508*** 0.0881 0.0746 0.0888
motives
Health motives —0.2175%* 0.0922 0.0264 0.0964 —0.0353 0.0922 —0.0906 0.0943 —0.0135 0.0915 —0.2646*** 0.0917
Private motives 0.2173%** 0.0439 0.0871* 0.0459 —0.1879%*** 0.0435 0.0853* 0.0447 —0.0729* 0.0427 0.3056%*** 0.0425
Female 0.0751%** 0.0227 0.0294 0.0228 —0.1758%*** 0.0220 —0.0354 0.0228 —0.0674*** 0.0219 0.0477** 0.0227
Age: 18-29 Baseline Baseline Baseline Baseline Baseline Baseline
Age: 30-44 —0.0592* 0.0321 0.0052 0.0322 —0.0441 0.0316 —0.0544* 0.0322 0.0039 0.0310 —0.0110 0.0320
Age: 45-54 —0.1238%*** 0.0316 —0.0658** 0.0318 —0.0093 0.0313 —0.0215 0.0319 0.0918%*** 0.0306 —0.0963*** 0.0316
Age: 55-64 —0.0874*** 0.0336 0.0102 0.0339 —0.0102 0.0333 —0.0153 0.0338 0.0710** 0.0325 —0.1732%** 0.0332
Age: >65 —0.1482%** 0.0384 —0.0215 0.0389 0.0075 0.0382 —0.0078 0.0388 0.1661*** 0.0371 —0.2127%** 0.0380
Primary school Baseline Baseline Baseline Baseline Baseline Baseline
Secondary school —0.0543 0.0462 —0.0065 0.0462 0.0106 0.0455 —0.1139** 0.0462 0.0127 0.0445 0.0364 0.0462
Diploma —0.0499 0.0631 0.0660 0.0631 0.0011 0.0622 —0.0838 0.0632 0.0766 0.0607 0.1363** 0.0630
UG degree —0.0876 0.0591 0.0725 0.0592 0.0165 0.0583 —0.1070* 0.0592 0.0953* 0.0569 0.1477** 0.0590
PG degree —0.0370 0.0370 0.0443 0.0370 0.0379 0.0364 0.0044 0.0371 0.0779** 0.0356 0.1109%** 0.0368
Income: < 1000 Baseline Baseline Baseline Baseline Baseline Baseline
Income: 0.0150 0.0308 —0.0336 0.0310 0.0161 0.0304 0.0436 0.0310 0.0228 0.0298 0.0436 0.0307
1000-1500
Income: 0.0580* 0.0330 0.0008 0.0333 0.0681** 0.0326 0.0183 0.0332 0.0027 0.0319 0.0814** 0.0329
1500-2000
Income: 0.0596** 0.0293 0.0125 0.0295 0.0548* 0.0289 0.0065 0.0294 0.0116 0.0283 0.0586** 0.0292
2000-2500
Income: 2500- 0.0432 0.0296 0.0138 0.0297 0.0782%** 0.0291 0.0120 0.0297 0.0199 0.0285 0.0687** 0.0294
€000
Income: > 3000 0.0852** 0.0336 0.0361 0.0340 0.1099*** 0.0331 0.0321 0.0338 0.0325 0.0325 0.0890*** 0.0335
Income: NA 0.0171 0.0285 0.0010 0.0286 0.0409 0.0281 0.0349 0.0286 0.0340 0.0275 0.0502* 0.0285
Log likelihood —74,165.99 —71,394.56 —69,440.73 —72,347.80 —69,548.10 —75,322.96
LR test: chi2 1423.09%** 1429.26%** 1414.92%** 1425.17%** 1421.67 1459.37
(286)

Significance is as follows: * = p < 0.1; ** = p < 0.05; *** = p < 0.01. Number of observations: 2029. Estimation method = maximum likelihood with missing values.
Note: UG = undergraduate; PG = postgraduate. The model allows for correlated residuals of the following pairs of equations: Pro-Social Motives-Health Motives;
Private Motives-Health Motives; Pro-Social Motives-Private Motives; Health & Safety Concerns-Poverty Concerns.
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