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Abstract: The environmental Kuznets curve is defined as the proposition that pollution increases in the early stages of
economic development and decreases in advanced economies. It could be verified for many environmental parameters
and is based on concepts that make it likely that it could also be applied to the occurrence of food waste in households.
Within the frame of a comparative case study, a standardised survey on actual food waste behaviour in 1,510 Chinese,
Romanian and Swiss households explore whether rich countries reduce their per capita food waste as compared to
middle-income countries. Young people throw away more food than older ones, particularly in Switzerland, which
appears to be in contradiction to the Kuznets curve. However, it can be shown that Romanian and Chinese consumers
declare more food waste than consumers in Switzerland and that the differences between the countries can be explained
by differences in attitudes and behaviour. This is an indicator that the concept of the Kuznets curve can be applied to the
problem of food waste.
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1. Introduction

The original Kuznets curve proposed an inverse u-shaped connection between inequality and growth [1]. The
debate on this dynamic of distribution in an economy has paled in comparison with the attention that the environmental
variant of the concept has been receiving. In what they call the environmental Kuznets curve, Grossman and Krueger
[2] suggested that pollution would increase in the early stages of economic development but that regulations would then
lead to decreasing pollution during further economic growth. Since that time, a lot of empirical evidence has suggested
that the proposed correlation can be found for some environmental parameters but not for others [3]. The environmental
Kuznets curve is a phenomenon that numerous researchers have refined [4-6] and that shows at least some validity.

In attempts to make our food system more sustainable, it has become increasingly obvious that the large share of
food that is not ending up in our stomachs is one of the greatest causes of environmental pressure [7-9]. The Food and
Agriculture Organisation [10] suggests that 8% of global greenhouse gases can be traced back to food waste. Food
waste, however, is not a form of pollution by itself but a systemic, indirect cause of pollution, as a lot of resources have
to be spent to grow the excess food. In the early stages of the food chain, food waste occurs due to quality requirements
in the sector [11]. A major share of food waste is then caused by consumers purchasing more than they eat [12, 13].
According to the Economist Intelligence Unit [14], the amount of food wasted differs considerably between countries
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and can exceed 400 kg per capita per year. However, little is known about the causes of these differences.

This paper has the objective of shedding some light on the relationship between a country’s state of development
and the amount of food waste caused in order to fill this relevant gap in knowledge. It uses the food waste caused by
consumers as a case in point to argue that such behavioural patterns leading to pollution are also likely to follow some
sort of Kuznets curve, as depicted in Figure 1. The figure describes a very plausible level of food waste close to zero
when societies are in a state of poverty, an increase when wealth emerges, and then a significant reduction for very
wealthy societies. A respective hypothesis will be developed and operationalised in the following section.

Share of food wasted

GDP per capita

Figure 1. The hypothesised food waste Kuznets curve. Note: GDP = gross domestic product

2. Hypothesising the food waste Kuznets curve

In a recent literature review, Boulet et al. [15] criticised the fact that most studies on consumer behaviour with
respect to food waste restricted themselves to a narrow set of micro factors, whereas macro perspectives would be more
difficult to find. Indeed, comparisons regarding the food waste behaviour of consumers between countries are rare and
usually compare similar Western countries, such as Germany and Italy [16] or the United Kingdom, France, and Italy [17].
To our knowledge, the analysis of food waste behaviour in emerging countries also suffers from a lack of comparative
studies and focuses mostly on the microlevel [18-20].

A modelling paper by Lopez-Barrera and Hertel [21] provides a notable exception. Over the last 20 years, they
looked at the food produced per country, modelled the food consumed, and, thus, provided estimates for food waste,
finding the strongest growth rates in middle-income economies. Their analysis, however, does not allow a comparison
of the amount of food wasted in households.

It is not difficult to argue why low-income countries, often with a record of undernutrition, will waste less food in
households compared to middle-income countries (Lopez-Barrera and Hertel [21] did not find any evidence for food
waste in Niger, for example). But would there be reasons to assume that the rates of food waste in wealthy societies
would decline again, as indicated in Figure 1?

Frank’s [22] reference to Maslow’s hierarchy of needs may provide a key to that. Frank intended to show that there
is an animal welfare Kuznets curve, as consumers in rich countries are able to reach the highest level of Maslow’s [23]
pyramid—self-actualisation—which includes altruistic motives such as altruism and benevolence. Increasingly, this
top tier of Maslow’s hierarchy also includes the demand for sustainability, as scholars from various disciplines, such as
tourism [24, 25], education [26], and fashion [27], repeatedly emphasise.

If consumers in wealthy countries increasingly attempt to direct their lives sustainably, it is plausible to form the
following hypothesis:

Hypothesis 1: Households in high-income countries waste less food than households in middle-income countries.

Moreover, if our reference to the Maslow hierarchy of needs is justified, consumers in middle-income countries
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will have different values compared to consumers in affluent countries [28]. These values will translate into different
attitudes and behavioural patterns, which leads to another hypothesis:

Hypothesis 2: Differences in household food waste between countries can be traced back to different attitudinal and
behavioural patterns.

However, different cultures also play a role. The strong role of the family in Asian countries — as Siu and Chang
[29], for example, emphasised—means that it can be assumed that the role of parental education in these countries will
exceed this role in other parts of the world. This leads to the final hypothesis:

Hypothesis 3: The role of different attitudinal and behavioural patterns that influence food waste may vary between
countries.

3. Method

Reliable international databases on food waste amounts at the household level do not exist, nor are the levels easily
measurable. Therefore, our hypotheses could not be tested in a quantitatively significant sample of countries. Instead,
we decided to carry out similar surveys in two middle-income countries and one high-income country: Consumers in
China (GDP per capita US$14,000), with a centralised, self-reliant political system, and in Romania (GDP per capita
US$15,000), as a Western-oriented, democratic country, are compared with consumers in Switzerland (GDP per capita
US$96,000), as one of the wealthiest and most stable countries in the world.

The surveys were sent out and collected between winter 2021 and 2022 and spring 2022. In China, the survey
was done electronically only and received 659 responses. In Switzerland, 1,400 paper questionnaires were distributed
in letter boxes, resulting in a response rate of 24% (n = 342). In Romania, both paper and online questionnaires were
distributed, resulting in a sample size of n = 509. The surveys contained a measure for the amount of food wasted and
attitudinal, behavioural and sociodemographic variables to explain food waste.

The design of our questionnaire was influenced by Ammann et al. [30], who showed that self-reported amounts
of food waste tend to be underestimated but are still a reliable tool to compare the behaviour between households.
Therefore, a survey was carried out in which respondents were asked to quantify the food they would usually end up
throwing away in six categories: meat and fish, fruit, vegetables, bread and pastry, dairy, and others. If they threw away
nothing, they would score zero points in that category; for 0 to 10%, they scored one point, and so on. Shares above
40% were always considered five points. This led to a maximum score of 6 x 5 = 30.

Researchers have, particularly in recent years, advanced in identifying causes for food waste in the categories of
sociodemographic, attitudinal and behavioural factors, on which the present study could focus and which were used
for the survey, as indicated in Table 1. To start with the behavioural side, Reynolds et al. [31] and Salonen [32], for
example, showed the importance of checking the contents of the fridge before shopping, so this was included as a
variable for our survey. Principato et al. [33] indicated that making a shopping list would lead to less food waste. Smith
and Landry [34] found that shopping frequency and the amount of food waste were positively correlated.

Regarding the attitudinal variables depicted in Table 1, for which external references were the inspiring
source, Boesen et al. [35] identified a segment of consumers who openly do not care about food waste because it is
biodegradable. Other studies [36, 37] have considered concerns over food waste being a waste of money as a major
driver of the amount of food waste. Chen [38] suggested that environmental concerns are a suitable driver for reducing
food waste. Finally, Kowalewska and Kollajtis-Dolowy [39] emphasised the strong role that parental education plays in
reducing food waste.

On the side of personal variables, a European study confirmed that older people waste less food than young ones
[40], whereas a positive correlation between income and food waste has been reported in Indonesia [41]. Finally,
several studies [42-44] have indicated that household size influences the share of food thrown away, whereas it appears
appropriate to separate the influence of adult and child family members.
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Table 1. Descriptive statistics

Variable name Meaning Measurement Minimum Maximum Mean
Dependent variable
Index Share of food thrown away 1 unit per 10% of wasted food in six categories 29 5.63
Behavioural variables
Fridge Agreement to “Before shopping, I 1 — never 5 3.96
take a look in the fridge” to
5 —always
Shoplist Agreement to “Before shopping, I 1 —never 5 3.42
make a list” to
5 — always
Shopfreq Frequency of shopping 1 -0 to 2 times per week 5 242
to
5 —9 times per week or more
Attitudinal variables
Compost Agreement to “Food is degradable; 1 — totally disagree 5 2.59
therefore, food waste does not to
affect the environment” 5 —totally agree
Money Agreement to “Food waste is a 1 — totally disagree 5 3.91
waste of money” to
5 —totally agree
Resources Agreement to “By wasting food, I 1 — totally disagree 5 4.30
also waste resources like water and to
land” 5 —totally agree
Health Agreement to “Eating leftovers is 1 — totally disagree 5 2.54
bad for my health” to
5 —totally agree
Parents Agreement to “My parents always 1 — totally disagree 5 4.21
emphasised to clear my plate” to
5 —totally agree
Sociodemographic variables
Age Respondent’s age In years 16 92 36.03
Income Household income level 1 — lowest income quintile 5 2.50
to
5 — highest income quintile
Adults Number of adults in the household 0 33 2.80
Children Number of children in the 0 9 0.62

household

This setting was suited to testing the first two hypotheses. In order to also test the varying roles of factors for the
single countries, as stated in Hypothesis 3, interaction terms between the independent variables and the two country
dummies had to be tested.

The consumer food waste index was explained by an ordered logit analysis in Stata 16, as the index consisted of
a number between 0 and 29 for each household. An ordered logit model for an ordinal response Y; with C categories is
defined by a set of C—1 equations where the cumulative probabilities:

are related to a linear predictor:

B = B0+ Blxl, + B2x2, +--- B'x,
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through the logit function:

logit(gd)):log[l L j:ac —B'x,c=12,.,C-1 3)

ci

The parameters a,, called thresholds or cutpoints, are in increasing order. The Lagrange multiplier test was
conducted to test for heteroskedasticity and produced negative results.

4. Results and discussion

Table 2 depicts the descriptive results by country. The mere comparison of the three samples of the variable “Index”
cannot, of course, formally confirm Hypothesis 1, but at least the strong differences in the self-stated amount of food
wasted between China, Romania and Switzerland indicate that Hypothesis 1 cannot be rejected. In Romania, the amount
of food wasted (with an “Index” of 7.33) seems to be almost three times as high as in Switzerland (with an “Index”
of 2.65). It points towards some food waste Kuznets curve if, as is the case, the two middle-income countries in the
sample have a much higher amount of per-capita food waste than the high-income country Switzerland. Our estimates
are confirmed by a study using a more approximate methodology, which also concluded that middle-income countries
generate the highest level of food waste per capita [45].

However, there are additional remarkable differences between the three countries. In fact, many of the items, as
measured by five-point Likert scales, differ by more than one unit between countries. Shopping lists, for example, are
much more common in Switzerland (3.93 for “Shoplist”) than in China (2.87), and Romanian consumers go shopping
much more often (3.38 for “Shopfreq”) than consumers in China (2.23), let alone Swiss (1.53) consumers.

Attitudinal differences can also be identified. The main distinction lies within the question of whether eating
leftovers is detrimental to health, which Chinese respondents seem to confirm (3.77 for “Health’), whereas European
consumers clearly reject the idea (1.55 and 1.40). Chinese consumers, however, are slightly less convinced than Swiss
consumers that wasting food harms the environment, as seen from the “Resources” variable.

The fact that the survey was carried out online only in China and on paper only in Switzerland had implications for
the average age of respondents and goes some way to explaining why the sample population in China has a median age
of four years below those in Romania and Switzerland. In addition, the household size in China was considerably larger
than in Switzerland.

Table 3 unites the results of the three countries by running a single ordered logit analysis. This has two advantages
as compared to running three single-country regressions. One is that, through interaction variables and country dummy
variables, the differences between the three countries become more clear-cut. The other advantage is the emergence of
overarching patterns that unite the three cases.

Proceeding to the explanation of the “Index” variable, it can be considered a success that neither country dummy
is significant, in spite of the considerable differences between countries. This means that these differences can be
explained by the independent variables in the survey. This fact means that we cannot reject Hypothesis 2. The large set
of attitudinal and behavioural variables that influence food waste and which have been summarised by Dou and Toth
[46] do a better job of explaining the variance in food waste-related behaviour than any cultural or country-specific
influences.

The “Fridge” variable would be a good case in point for this pattern. Consumers who check their fridges before
they do their grocery shopping will waste less food. Therefore, if Chinese consumers do this less frequently than Swiss
consumers, the latter will throw less food away. Similarly, Swiss consumers go shopping less frequently than Romanians
and usually use a list, unlike the Chinese. All this reduces their waste.

Most variables included in the questionnaire based on past research show some significant influence on the amount
of self-declared food waste. Considering food waste as a waste of money, for example, will not contribute significantly
to reducing food waste. Apparently, an increased awareness of the limited resources of our planet will do more to reduce
food waste than an increased awareness of our purse. It also should be noted that fears of how eating leftovers affects
our health significantly increase the amount of food we throw away.
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The personal variables also do their jobs. While household size has only a very mild effect on the amount of food
waste, the effects of both income and age are considerable. Young and rich consumers throw much more food away than
elderly, poorer people.

Particular attention should be devoted to the interaction terms. They indicate, for example, that environmental
awareness plays a role in reducing food waste in China and Switzerland but not in Romania, as can be concluded from
the significantly positive interaction term “Resources X Romania”. Here, the food waste Kuznets curve comes into close
contact with the environmental Kuznets curve—if Romanians are less sensitive to pollution than, for example, Swiss
consumers, they will not see too much merit in avoiding it.

The influence of the “Parents” variable is also noteworthy. Its strongly negative coefficient is somewhat neutralised
by a negative interaction term for both Romania and Switzerland (see the significant variables ‘“Parents X Switzerland”
and “Parents X Romania” in Table 3). This confirms that the family in China (the reference country in the regression)
has a higher impact on behavioural patterns than in the two European countries.

For Romania, the impact of income on food waste is also much weaker than in the other two countries, as can be
concluded from the negative interaction term “Income X Romania”. This is as difficult to explain as the increased age
effect in Switzerland. While younger consumers throw away more food than older people, the results suggest that this
effect is twice as strong in Switzerland as it is in the other two countries.

These are excellent examples of differences between the influencing factors that mean that we certainly cannot
reject Hypothesis 3. Intercultural studies on a worldwide scale [47-49] help explain such diverging factors responsible
for behavioural differences.

Table 2. Comparative results between countries

Variable name Mean China Mean Romania Mean Switzerland

Dependent variable
Index 5.85 7.33 2.65

Behavioural variables

Fridge 3.72 4.05 4.29
Shoplist 2.87 3.76 3.93
Shopfreq 2.23 3.38 1.53

Attitudinal variables

Compost 2.62 2.31 2.93
Money 4.04 3.41 4.28
Resources 4.07 4.33 4.70
Health 3.77 1.55 1.40
Parents 4.34 4.09 4.12

Sociodemographic variables

Age 26.26 37.72 52.77
Income 2.38 2.21 3.11
Adults 3.67 2.39 1.73
Children 0.61 0.73 0.48

Volume 3 Issue 2[2023| 235 Environmental Protection Research



s

Table 3. Results of the ordered logit analysis in the explanation of “Index’

Country dummies

Romania -0.71
(-0.99)
Switzerland -1.07
(-1.42)
Behavioural variables
Fridge -0.30%**
(-5.60)
Shoplist 0.08
(1.71)
Shopfreq 0.17%**
(3.06)
Attitudinal variables
Compost 0.11%%*
(2.65)
Money -0.05
(-1.08)
Resources -0.28%**
(-3.35)
Health 0.20%**
(3.57)
Parents -0.52%%%
(-4.56)
Sociodemographic variables
Age -0.02%**
(-4.48)
Income 0.33%**
(5.27)
Adults 0.06°
(1.86)
Children 0.09
(1.60)
Interaction variables
Resources X Romania 0.20°
(1.70)
Parents X Romania 0.34%**
(2.72)
Parents X Switzerland 0.36%*
(2.46)
Income X Romania -0.20°
(-1.83)
Age X Switzerland -0.02*
(-2.20)

Note: *** =p <0.001; **=p<0.01; *=p<0.05;and"=p <0.1
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A study that involves only three countries can, of course, not fully answer the question of whether there is a
Kuznets curve for food waste. It can only find indications, and, fortunately, the survey among Chinese, Romanian, and
Swiss consumers has indeed found such indications. These indications, however, go in opposing directions.

There are clear signs that food waste at the household level in the two middle-income countries in our study,
Romania and China, is at a higher level than in Switzerland, mostly due to different attitudes and resulting behaviours
in the three countries. The descriptive statistics displayed in Table 2 have shown that Romanians like to go to the
supermarket frequently, whereas Chinese consumers go there without a shopping list, and both are patterns that, as we
know from the literature as well as from the data in this paper, go along with increased food waste. All this supports the
hypothesis of a food waste Kuznets curve.

On the other hand, this study, as well as a number of others [50, 51], indicates that young people waste more food
than the elderly. This does not generate optimism that, over the course of the next decades, as the older generations
make room for the young ones, food waste will become less as societies become wealthier. In particular, it should be
remembered that the impact of age in Switzerland exceeds the impact of age in the two emerging countries. One could
even conclude that Switzerland is going to catch up to the level of food waste that Romanian and Chinese consumers
incur.

5. Conclusion

In any case, our results show that it should be a priority to target young people with both educational measures and
incentives so that food waste is increasingly avoided. It is unlikely that a Kuznets curve for food waste will just occur in
the wake of economic development. It is more likely that a smart design of appropriate policies can lead to a food waste
Kuznets curve, that is, to an inverse relationship between economic growth and the share of food that ends up in the bin.
Future research should be able to dissolve the apparent contradiction between the country effect (that supports a food
waste Kuznets curve) and the age effect (that makes a food waste Kuznets curve less likely).
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