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Abstract

Food loss and waste (FLW) presents a major global challenge and is explicitly referenced in
the several of the United Nations Sustainable Development Goals (SDGs), most notably in
Target 12.3. The growing literature on FLW addresses a number of strategies to mitigate
the problem; however, much of this work prioritizes technical solutions while studies
focused on institutional solutions are less prevalent. Our study offers a systematic review
of the FLW solutions discussed in the Voluntary National Reviews (VNRs) and Voluntary
Local Reviews (VLRs) of the United Nations. We apply the Institutional Analysis and
Development (IAD) framework pioneered by Nobel Laureate, Elinor Ostrom to our analysis
of FLW solutions in the VNRs and VLRs to identify prevalent patterns as well as gaps
evident in the reviews. We base our systematic review of FLW solutions on the VNRs
and VLRs rather than on the peer-reviewed literature since government-reported FLW
initiatives play a key role in guiding individual and collective actions toward achieving
SDG 12.3. Using a systematic review approach, we identified 165 publicly available VNRs
and 116 VLRs that report FLW activities and were published in English between 2016 and
2024. We then applied the IAD framework categories to the 281 identified Reports. Our
findings suggest that nearly 60% of the Reports focused on technical solutions while 40%
reported socially oriented solutions. The socially oriented solutions were primarily directed
toward consumers and less frequently toward businesses and policymakers. These findings
suggest that FLW solutions can be meaningfully advanced by placing more emphasis on the
role of informal institutions in in advancing awareness and social engagement to address
FLW. A stronger emphasis on social rather than technical solutions may also facilitate the
development of local and regional partnerships that advance FLW objectives across all
levels of governance, from local to global.

Keywords: food loss and waste; UN sustainable development goals; institutional analysis
and development

1. Introduction

Approximately 40% of global food production is lost or wasted along the food supply
chain. Food loss and waste (FLW) therefore represents a critical issue associated with
economic costs exceeding $1 trillion annually [1]. FLW entails not only the loss and waste

of food products but also of critical resources that went into producing the food products.

Among these are losses in freshwater, nutrients, fossil fuel, and labor. These direct and

Sustainability 2026, 18, 833
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indirect losses create negative consequences for the environment in general and the climate
in particular. In 2022, FLW generated an estimated 10% of global greenhouse gas (GHG)
emissions [1] and caused the eutrophication of freshwater bodies and coastal waters and
their ecosystems [2]. At the same time, nearly 30% of the world’s population experienced
moderate to severe food insecurity [3].

Not surprisingly, reducing FLW is articulated in the 17 United Nations Sustainable
Development Goals (SDGs). Goal 12, for example, calls for responsible consumption and
production, and SDG 12.3 aims to “halve per capita global food waste at the retail and
consumer levels and reduce food losses along production and supply chains, including
post-harvest loss” [4]. The FLW reduction target of SDG 12.3 foresees the use of two sub-
indicators to measure progress: (1) a Food Loss Index (12.3.1a) and (2) a Food Waste Index
(12.3.1b). These indexes are managed by the Food and Agriculture Organization of the
United Nations (FAO) and the UN Environment Programme (UNEP). According to the FAO,
“food loss refers to the decrease in edible food mass at the production, post-harvest and
processing stages of the food chain, mostly in developing countries. Food waste refers to the
discard of edible foods at the retail and consumer levels, mostly in developed countries” [5].
Food loss is generally attributed to limitations in harvesting techniques, insufficient storage
and cooling facilities, a lack of infrastructure, and socioeconomic factors [6-8]. Food waste
is typically the result of consumer related matters like a lack of behavioral considerations,
insufficient food preparation coordination, and inadequate planning [9]. In 2021, more
than 13% of the food produced globally was lost, and 19% of all food was wasted at the
retail and consumption stage [10].

Projections suggest that SDG 12.3 will not be met. The list of factors that have con-
tributed to the lack of progress in meeting FLW reduction goals include the COVID-19
pandemic, worsening climate conditions, and various geopolitical conflicts. FAO Director-
General Qu Dongyu has stressed the need for collective action to scale up efforts to reduce
FLW while also reducing GHG emissions [11].

The growing academic literature on FLW explores a range of opportunities to im-
prove FLW reduction efforts. Some of these solutions target environmental objectives [12],
while others focus on the food supply chain [13], specific groups of foods [14], defini-
tional elements of FLW [15], and circular economy approaches that provide an alternative
to the standard take-make-dispose approach that has shaped much of today’s food sys-
tem [16]. Scholars generally agree that FLW transformations are complex and will require
multifaceted solutions, such as the “co-evolution of both physical infrastructure systems
that produce, deliver, and manage food and waste, and the human infrastructure, from
front-line workers to governance and institutions” [17] (p. 1).

Much of the growing literature on FLW is focused on technical solutions [18]. How-
ever, an emerging body of work notes that solutions limited to technical considerations will
be insufficient as FLW also reflects social, cultural and governance contexts [18-20]. This
points to the importance of institutions that shape FLW. According to Durkheim, an institu-
tion can be defined as the beliefs and modes of behavior codified by a collectivity such as
society at large or a sub-group [21]. North defines institutions as the human designed rules,
procedures and organizations that structure political, economic, and social interactions,
and consist of both informal constraints and formal rules [22]. Formal institutions include
laws, policies, and regulations, while informal institutions include norms, mindsets, and
accepted practices [23,24]. Giddens suggests that institutions are “standardized modes
of behavior which play a basic part in the time-space constitution of social systems” [25]
(p- 96). They are not static, but are constantly reformed through people’s actions. These
actions can shape informal institutional mindsets and formal institutions as norms (infor-
mal) shape policies (formal) and vice versa [24,26]. Governments are “the institution at
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the forefront of balancing the interests of society, its sub-groups, and individuals” [24].
An analysis of government actions and institutional characteristics is therefore critical to
understanding the complexities of FLW. Yet while the importance of formal and informal
institutions is well-established [27], an institutional approach to FLW has only recently
been explored in the academic literature [28].

The objective of this study therefore is to analyze FLW solutions through an institu-
tional lens using the Institutional Analysis and Development (IAD) framework pioneered
by the Nobel Laureate, Elinor Ostrom. The IAD framework elucidates formal and informal
institutional factors impacting collective initiatives [29]. In applying the IAD framework,
our objective is to identify prevalent patterns as well as research gaps in reported solutions
to FLW (Figure 1). We base our analysis on a systematic review of FLW activities reported
in the Voluntary National Reviews (VNRs) and Voluntary Local Reviews (VLRs) submitted
to the United Nations. These Reviews have proven to be key resources for understanding
strategies to address SDGs and assess whether and how SDG targets are met at the national
and local levels since governments are key actors in shaping FLW-related solutions [30,31].
With almost global participation, VNRs are increasingly seen as a vital resource that can
aid our understanding of how countries are approaching the SDGs and SDG targets [31,32].
We therefore conduct a systematic review of VNRs and VLRs and apply Ostrom’s IAD
framework to examine how national and local/regional governments have addressed FLW
between 2016 and 2024. Our analysis focuses chiefly on initiatives that address FLW. The
results of our review indicates that most of the proposed strategies to address FLW are tech-
nical in nature while institutional and social-oriented solutions are underrepresented. This
confirms similar findings in the academic literature and suggests that FLW solutions can
be advanced by increasing research on the role of institutions, and especially on informal
institutions that support FLW conscious mindsets.

y N y y D y N — Y
Identify FLW as |dentify 165 Apply the IAD Identify Identify gaps/
global Y Framework to prevalent opportunities
VNRs and 116
challenge VLRS with FLW analyze the patterns based for FLW
reflectedin Coverave identified on the IAD solutions and
SDGs 2 and 12 8 VNRs and VLRs Framework further study
A y G

Figure 1. An overview of the research process.

2. Materials and Methods: Conducting a Systematic Review of FLW
Solutions Through the Lens of the Institutional Analysis and
Development (IAD) Framework

Our methodology consists of two components. We conduct a systematic review of the
FLW activities reported in publicly available VNRs and VLRs. To structure the activities
reported in the VNRs and VLRs, we apply the IAD framework to assess the types and
prevalence of the reported FLW activities. This approach allows us to distinguish between
technical vs. institutional activities.

2.1. Analytical Approach: The IAD Framework

The IAD framework, developed by the 2009 Nobel laureate Elinor Ostrom provides
a tool for analyzing complex problems by breaking them into smaller, practical elements,
allowing outcomes to be evaluated without losing the complexity of real-life decision-
making scenarios [23,28]. The framework has been widely used to analyze collective
action cases to sustain common pool resources such as forests, pastures, scarce freshwater
sources, and fisheries [33,34]. It “can be used to investigate any broad subject where
humans repeatedly interact within rules and norms that guide their choice of strategies and
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behaviors. .. and can lead one out of the path dependency of existing patterns of practice
when their accompanying ways of thinking have not yielded solutions” [29] (p. 41).

As shown in Figure 2, the IAD framework involves several elements. Its core element
is “the identification of an action situation and the resulting patterns of interactions and
outcomes, and evaluating these outcomes” [35]. In action situations, participants “observe
information, select actions, engage in patterns of interaction, and realize outcomes from
their interaction” [36]. Action situations are typically influenced by three sets of exoge-
nous variables or contextual factors: (1) biophysical conditions, (2) community attributes,
and (3) rules-in-use [35,36]. Biophysical conditions include technological and infrastruc-
ture attributes, including physical and material resources. Community attributes include
values, beliefs, and preferences, including cultural norms and common understandings
accepted by the community. Rules-in-use refers to both formal rules such as laws, poli-
cies, and procedures, and informal ones such as norms, standard operating practices, and
habits [23]. Patterns of interactions are shaped by the choices actors have available to
them and by the three types of exogenous variables that form the context of all actions (see
Figure 2). The IAD framework proposes six evaluative criteria to assess the outcomes of
actor-context dynamics: (a) economic efficiency, (b) fiscal equivalence, (c) redistribution eg-
uity, (d) accountability, (e) conformance to values of local actors, and (f) sustainability [35].

Exogenous Variables

Biophysical
Conditions

Attributes of Action

Fe—- 3 . . Interactions
| Community Situations  |€----

| [

= s

|

1 i Evaluative Criteria
|

! Rules-in-Use i

| i

i |

| E— ! -—- -- Outcomes

Figure 2. Institutional Analysis and Development Framework. (Source: Adapted from Ostrom [35]).

Other conceptual frameworks relating to the role of institutions include social-
ecological systems that analyze the interactions among four core subsystems of governance,
users, resource system, and resources units [37,38]; the sociological institutionalism frame-
work which emphasizes causal structures rooted in culture and interpretation [39]; the
social-technical transitions framework which proposes four main pathways of (1) trans-
formation, (2) reconfiguration, (3) technological substitution, and (4) de-alignment and
re-alignment [40]; and the multilevel governance framework which focuses on the growing
complexity of authorities across local, regional, national, and supranational levels of en-
gagement [41] and the involvement of both public and private sector actors [42]. In this
study, we apply the IAD framework as it offers a widely recognized concrete analytical
tool to structure our analysis of the complexities of FLW.

Several articles have used the IAD framework to analyze FLW solutions. For example,
a recent study has applied the IAD framework to understand critical insights on house-
hold food waste recycling in Hong Kong [28] and another assessed community-based
composting in Viet Nam [43]. The IAD framework has also been used to analyze waste
management issues, such as campus sustainability initiatives in the United States [44]; recy-
cling and recovery efforts in Brazil, Indonesia, and Nigeria [45]; households waste disposal
in China [46]; and larger food systems related topics like agri-food cooperative models [45],
agri-environmental climate schemes [47], and urban agriculture [48]. A summary of these
recent contributions can be found in Table 1.

https://doi.org/10.3390/su18020833
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Table 1. Recent Uses of the IAD Framework.

Topics Authors Application Cases and Countries
. Chua and Yau [28] Household food waste recycling in Hong Kong
Food Waste Recycling Nguyen and Watanabe [43] Community-based composting in Viet Nam
Chikowore and Kerr [44] Waste systems on campus in the United States
Solid Waste Management  Oh and Hettiarachchi [45]  Waste recycling and recovery in Brazil, Indonesia, Nigeria
Zhang and Zhao [46] Households waste disposal in China
De Herde [47] Agri-food cooperative models in Belgium
Food Systems Sattler et al. [48] Agri-environmental schemes in six European countries

Vidal Merino et al. [49] Urban agriculture in Ghana, Uganda, and South Africa

A number of articles have also applied the IAD framework as a structural element to
analyze and synthesize information in complex decision scenarios [33,50,51]. Yet to date
the IAD framework has not been applied to systematically examine reported FLW activities
at the national and regional/local levels. Our study seeks to address this research gap.

2.2. A Systematic Review of FLW Solutions Reported in VNRs and VLRs

We apply the IAD framework to systematically analyze FLW activities reported in the
VNRs and VLRs submitted to the United Nations (UN). VNRs are the primary government
reports presented at the UN High-Level Political Forum on Sustainable Development
(HLPF) which was established at the 2012 UN Conference on Sustainable Development [52].
The 2030 Agenda for Sustainable Development encourages UN member states to “conduct
regular and inclusive reviews of progress at the national and sub-national levels, which
are country-led and country-driven” [53] to share knowledge and experience. VLRs are
designed to complement VNRs by reporting on the progress cities and regions have made
toward meeting the SDGs [54]. The VLRs thus acknowledge the fact that local communities
have a significant role to play in advancing the SDGs overall [30].

The first HLPF after the adoption of the 2030 Agenda for Sustainable Development was
held in 2016. Subsequent HLPFs have been held annually in July, and each forum includes
an in-depth review of several SDGs. SDG 12 on responsible consumption and production,
which includes FLW objectives, was reviewed in 2018 and 2021 and is scheduled to be
reviewed again in 2027 [55]. All UN member countries with the exception of Myanmar,
Haiti, and the United States have submitted VNRs [56], and many countries and cities have
submitted their VNRs and VLRs multiple times since 2016.

A growing body of work examines different themes across VNRs and VLRs. For
example, linkages between SDGs 2 (zero hunger) and 6 (water) were examined based on
195 VNRs reported by 159 countries [57]; coverage of SDG 4 (education) was examined
based on 33 VNRs from the 2019 HLPF [58]; and an analysis of city-level SDG reviews was
based on 151 VLRs published between 2018 and 2022 [59]. The coverage of FLW in VNRs
and VLRs however, has not yet been addressed.

2.2.1. The Systematic Review Process

Our systematic review of VNRs and VLRs used a two-step approach. In the first step,
we identified publicly available VNRs and VLRs that cover FLW activities [53,54]. Our
analysis included all full VNRs and VLRs published in English between 2016 (the first year
VNRs were released) and 2024. Reports published in other official UN languages such as
Arabic, Chinese, French, Russian, and Spanish were not included (see Table 2). We then
identified the VNRs and VLRs included in our analysis by conducting a full-text screening

i

process using a string of keywords, including “anaerobic digestion,” “compost,” “food,”

i s

“food loss,” “food waste,” “organic waste,” “postharvest,” “urban,” “waste,” and “SDG
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12.3.” VNRs and VLRs that discussed specific waste management issues such as plastics,
e-waste, medical waste, hazardous waste, etc., without any specific reference to food waste
were excluded. The VNRs and VLRs in our sample used diverse reporting structures and
varied in depth and length [60]. Many reports presented chapters according to UN Goals
and discussed their FLW activities in considerable detail. Goals 2 and 12 were particularly
frequently mentioned. Other reports presented information according to their own national
or local priorities. We identified the VNRs and VLRs in our sample based on our keyword
search regardless of the level of detail reported or the structure used.

Table 2. Inclusion and Exclusion Criteria.

Inclusion Criteria Exclusion Criteria

Published between 2016 and 2024 in English

Full VNR and VLR reports Executive summaries and duplications

Non-English written reviews and published in 2025

Discussions related to FLW Solid waste management without references for food waste

In establishing our sample, we applied the PRISMA protocol (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) to our review of VNRs and VLRs [61,62].
Figure 3 illustrates our review process. At the national level, a total of 410 VNRs published
as of 21 July 2025 were identified [53]. We eliminated reports that referenced expressions
of interest for the 2025-2029 reporting cycle (n = 44), VNRs published in languages other
than English (n = 104), and a partial report (n = 1). Our sample thus consisted of 261 VNRs
written in English and published between 2016 and 2024. Our full-text analysis through
keyword search revealed that 63% of the VNRs (165 of 261) included FLW coverage. We
extracted data from these 165 VNRs and quantitatively and qualitatively synthesized the
reported FLW activities.

[ Identification of studies via databases ]
S
5 Records removed before
C-] . 5 i screening:
Records identified from: _
g VNR Database (n = 410) > xﬁg:::mgy:g((:;:;)
-§ VLR Database (n = 258)
= Years 2025 to 2029 removed
:
e
Records screened: Records excluded due to non-
¥ —| English language:
VNRs (n = 366) VLRs (n = 254) VN%S s 20 4‘5’VLRS (n=87)
Reviews sought for retrieval: > s:r‘{::nizg\r:;rf:;gS:Ii:;ct)ions'
o = = -
% VNRs (n = 262) VLRs (n = 167) UNR (n = 1) VLR (n = 6)
: '
wn
Reviews assessed for eligibility:
VNRs (n = 261) ———> )
VLRs (n = 161) Reviews excluded due to no
FLW coverage:
VNRs (n = 96)
VLRs (n = 45)
—
\
3 Reviews included in qualitative
-} and quantitative synthesis:
S VNRs (n = 165)
£ VLRs (n = 116)
—

Figure 3. PRISMA 2020 flow diagram for the inclusion of VNRs and VLRs with FLW coverage.
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At the regional and local levels, a total of 258 VLRs were publicly available as of 21 July
2025 [54]. Of these, 116 VLRs met our inclusion criteria of full VLRs with FLW coverage,
published in English between 2016 and 2024. The full-text screening revealed that 72% of
the VLRs (116 out of 161) reported FLW activities. Data were extracted from these 116 VLRs
to synthesize results across all of the VLRs in our sample (see Supplementary Materials for
a list of all VNRs and VLRs studied).

We sorted our systematic review results into eight world regions derived from the
reported regional groupings of the UN SDG indicators [63] whereby we separated Northern
America from Europe to yield the following regions: (1) Sub-Saharan Africa, (2) Northern
Africa and Western Asia, (3) Central and Southern Asia, (4) Eastern and South-Eastern Asia,
(5) Latin America and the Caribbean, (6) Oceana, (7) Europe, and (8) Northern America.
Our approach made it possible to analyze the FLW coverage in VLRs submitted from
five U.S. cities (Los Angeles, New York, Orlando, Pittsburgh, Sacramento) and the State
of Hawai‘i, even though the U.S. has not submitted VNRs during the timeframe of our
systematic review.

2.2.2. Applying the IAD Framework

In the second step, we organized the coverage of FLW in the VNRs and VLRs in
our sample based on Ostrom’s IAD framework categories (see Figure 2). The categories
included in our application of the IAD framework are:

(@ Action situations
(@ Biophysical conditions (exogenous variable)
Rules-in-use (exogenous variable)
Attributes of community (exogenous variable)
(® Patterns of interactions
® Outcomes based on technical evaluative criteria
Outcomes based on social evaluative criteria

We mapped the FLW activities reported in our sample into relevant IAD categories as
shown in Figure 4. The numbers in Figure 4 indicate the sequencing used to identify preva-
lent IAD patterns in the coverage of FLW activities reported in the VNRs and VLRs. These
patterns also correspond to activities found in the published literature that synthesized the
IAD framework, such as work by Chua and Yau [28] and Fouladvand et al. [33]. For the
purpose of our analysis, ‘action situations’ refers to national and local/regional govern-
ments’ reports of their respective FLW activities including key actors that are discussed in
the VNRs and VLRs in our sample. This includes public sector actors, private sector actors
like consumers, farmers and fisheries, nongovernmental organizations (NGOs and INGOs),
and educational institutions. Our analysis indicates that the most frequently discussed
FLW solutions reported are based on the well-established food recovery hierarchy of waste
reduction before recovery and recycling. This hierarchy frequently serves as a framework
to guide FLW strategies [12,64]. This implies that FLW reduction strategies (i.e., minimizing
food surplus) are considered preferable to recovery strategies (i.e., through food donation,
redistributing, and upcycling), and the lowest preference is attributed to recycling strategies
(i.e., using food waste as animal feed, in anaerobic digestion, and composting). Disposal in
landfills or incineration of food is considered a strategy of last resort [65].

In the biophysical condition category, we identified VNRs and VLRs that discuss
technological and infrastructure-related solutions to address FLW. Key FLW reduction
strategies include solutions like postharvest interventions through improved storage,
better transportation, and updated infrastructure [7]. Also mentioned are improved
packaging and digital solutions such as meal planning apps [64]. Urban solutions in-
clude strategies that reduce the distance between food production and consumers and
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thus the need for a robust food storage and distribution infrastructure [14,66,67]. Also
included are more technical food production methods in urban environments like hy-
droponics and aquaponics production and solutions that advance a more localized food
systems [68-70]. Technological and infrastructure-related solutions also include food waste
recovery, including the establishment and operation of food banks and surplus food re-
distribution efforts such as the distribution of so-called ugly vegetables that do not meet
standard consumer expectations, and upcycling technologies for “remaking wasted food
into new food products for human consumption” [71] (p. 16). Biophysical solutions men-
tioned also include repurposing food for animal feed, converting food waste into energy
through anaerobic digestion, and composting organic waste with various technologies
and facilities.

Exogenous Variables
Biophysical Conditions (T)
1. Reduction: postharvest, digital, urban @
— 2. Recovery: redistribution and upcycling  |——
3. Recycling: animal feed, anaerobic
digestion, and composting Action Situations @
Governments reporting
Rules-in-Use (T) FLW solutions in 165 Patterns of Interactions (S)
VNRs and 116 VLRs 1d
1. Strategies, goals, voluntary agreements - £ Iusst bulldiog: 2 Monitoring aod
2. Acts and regulations 3. Communications/Negotiations
; - Actors [¢-=-" among relevant actors
3. Market-based interventions T g
' Governments,
business, consumers and Evaluative Criteria
| residents, farmers, Efficiency
Attributes of Community (S) ! INGOs, NGOs, students ) -
1. Education, 2. Awareness, and 3. . N
Training initiatives to promote shared | Technical Outcomes (T) EEGRIISIEE o
norms and understanding | Progress in addressing FLW and - Observation or prediction
1 environmental benefits

Social Outcomes (S)
Increased food security and well-
being, community engagement, job
creation, and student engagement

Figure 4. Application of the IAD Framework to analyze FLW activities reported in VNRs and VLRs.
Note: (T) indicates technical strategy and (S) denotes socially oriented strategy. The numbers indicate
the sequencing used to identify prevalent IAD patterns in FLW coverage in the VNRs and VLRs.

In the rules-in-use category of the IAD framework, we identified formal institutional
solutions like regulations, legislation, guidelines, market-based interventions, and similar
formal institutional strategies that seek to reduce FLW. Some of these rule-in-use strategies
also reflect technically oriented solutions like strategies, for example, that reflect the Euro-
pean Union’s FUSIONS (Food Use for Social Innovation by Optimizing waste prevention
Strategies) initiative. Yet these FLW strategies typically rely heavily on policy approaches,
regulations and market-based interventions [72]. Frequently, the formal institutional mea-
sures can be divided into carrot and stick approaches that rely on encouragement and
punishment [73]. This includes strategies like banning food waste from landfills and es-
tablishing mandatory targets and rewards for waste reduction, composting and landfill
bans on food waste, but also market-based instruments such as subsidies, grants, and
tax incentives. However, few studies have proven the effectiveness of taxes and fees in
reducing food waste [28,74].

In the “attributes of communities” category of the IAD framework, we identified vari-
ous FLW education, awareness, and training initiatives targeting various actors Community
attributes such as norms, values, and culture are shaped by the actions and motivations
of individuals within the community, as well as the interactions and behaviors directed
toward the community [33,75]. Given the general lack of awareness of the significance
of FLW, a growing number of studies examine the potential of educational interventions
in schools to reduce household food waste [76], efforts to reduce consumer food waste at
household level [77,78], and the need for improved training to address uncertainties re-
garding when to discard food at the retail level [17,79]. Education and awareness programs
can also foster shared norms and values around FLW, and training activities can influence
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community attributes by fostering knowledge and skills that lead to positive behavioral
changes both at the individual and community (social) level.

According to the IAD framework, ‘patterns of interactions’ can lead to effective im-
provements [23]. We therefore included the category in our analysis of IAD variables
identified in the VNRs and VLRs in our sample. Several reports mention interactions
among relevant actors. Reducing FLW requires many collaborative efforts involving
a range of actors. According to Ostrom, patterns of interaction facilitate cooperation
as opposed to conflict and may include (1) reciprocity, trust, and reputation building,
(2) monitoring and sanctioning behavior, (3) frequency and type of negotiation, communi-
cation, or contestation, and (4) whether people tend to free-ride or contribute to collective
efforts [80]. We found patterns of trust building (mutual exchange and strategic partner-
ships), monitoring activities (data reporting and measurement), and communication and
negotiation strategies (education, public awareness and stakeholder engagement in policy
development) among a range of relevant actors at the local, regional, national, and global
levels. Engaging local communities in collaborative efforts with individuals who share
common informal institutional mindsets can also unlock viable pathways for more effective
formal institutional frameworks like local and regional policies and can create positive
spillover effects [24].

The IAD framework category we termed ‘outcomes’ captures reported activities and
strategies that apply identified criteria and report technical and socially oriented out-
comes as compared to activities. Outcomes are categorized according to the following
criteria: efficiency, sustainability, and SDG synergies. While outcomes can be either ob-
served (for empirical analysis) or predicted (for theoretical analysis) [43], we analyzed
the VNRs and VLRs based on outcomes that were observed and anticipated. Among the
more technical outcomes were those with clearly stated quantitative objectives such as the
amount of postharvest loss prevented and the amount of food waste prevented, recovered,
and recycled. We also found sustainability objectives discussed in the reviewed VNRs
and VLRs, such as linkages between FLW and environmental benefits, for example. These
connections are also increasingly examined in the academic literature particularly with
respect to the impact of FLW strategies on GHG emissions [64]. In addition, we identified
VNRs and VLRs that discuss interdependencies across the SDGs that can help achieve
synergies between Target 12.3 and other SDGs. We also identified VNRs and VLRs that
discuss socially oriented outcomes. According to Ngan et al. [81], common descriptions of
social sustainability include characteristics like a strong civil society, human well-being, and
social engagement. We found both VNRs and VLRs that discuss the social implications of
reducing FLW including improved food security and well-being, community engagement,
job creation, and the engagement of students [82,83].

Our systematic data analysis and sorting of FLW coverage in the Reviews based on
the IAD framework indicates that multiple IAD categories are addressed in the majority of
VNRs and VLRs in our sample. This aligns with qualitative content analysis approaches
that emphasize the importance of deriving categories from the data [84]. To validate our
findings, we triangulated our data with other sources including FLW solutions described
in the peer-reviewed literature, gray literature (government and NGO reports), and project
websites. This strategy is widely recommended to enhance the credibility, trustworthiness,
and rigor of qualitative research (see for example, Morgan [85]). Finally, we sought to
minimize bias by giving equal weight to VNRs and VLRs and by not favoring specific
IAD categories referenced in the Reviews. This approach addresses potential concerns
about the single-source dominance or preferential treatment of certain categories, which
can distort qualitative findings. The combination of systematic coding, inductive anal-
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ysis, triangulation, and explicit bias-mitigation seeks to ensure rigor in our qualitative
content analyses.

3. Systematic Review Results

Our analysis of VNRs and VLRs according to the identified IAD framework cate-
gories revealed that nearly 60% of the reviewed reports focused on technical solutions
and outcomes, and approximately 40% covered socially oriented solutions (see Table 3).
Figure 5 presents a summary of FLW coverage in the reviewed VNRs and VLRs based on
the IAD framework for the eight UN world regions. The rules-in-use category dominated
in the VNRs, while VLRs most frequently reported solutions relating to the biophysical
conditions category. An exception are reports from Europe where rules-in-use focused
re-ports dominate both at the national (VNRs) and local level (VLRs).

Table 3. FLW coverage in the reviewed VNRs and VLRs based on the IAD Framework.

Technical Oriented Solutions Socially Oriented Solutions

Biophysical N Rules N Total N (%) Community N Interactions N Total N (%)

VNRs 87 120 207 (57%) 67 87 154 (43%)
VLRs 90 78 168 (58%) 61 61 122 (42%)

Technical Oriented Outcomes N (%) Socially Oriented Outcomes N (%)

VNRs 56 (56%) 44 (44%)
VLRs 55 (59%) 38 (41%)
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Figure 5. FLW coverage in the reviewed (a) VNRs and (b) VLRs by World Region based on the IAD
framework, and the proportion of the IAD categories in the reviewed (c) VNRs and (d) VLRs within
each world region.
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Numbers of Reviews

In terms of the regional distribution of the reports, roughly one third of VNRs came
from Europe (34%), followed by Sub-Saharan Africa (21%), Northern Africa and Western
Asia (12%), and Eastern and South-Eastern Asia (12%) as shown in Figure 6a. Reports from
Europe (44%) also constituted the largest number of VLRs followed by reports from Eastern
and South-Eastern Asia (23%), Latin America and the Caribbean (11%), and Northern
America (8%). These findings are consistent with a review of the academic literature
reported by Oliveira et al. [16], who indicate significant interest in addressing FLW among
European scholars. As Figure 6b shows, the number of local reports addressing FLW issues
increased particularly dramatically between 2017 and 2021 (an increase of 1200%) and local
reports now exceed the number of national reports with FLW coverage.
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Figure 6. FLW Publication Trend (a) by world region and (b) by year.

Some regional differences in both VNRs and VLRs stand out and are discussed in
the following section which provides an analysis of FLW coverage based on the identified
IAD categories.

3.1. Reports Focused on Biophysical Conditions

87 of the 165 reviewed VNRs and 90 of 116 VLRs (53% and 78%, respectively) discussed
technological- and infrastructure-related FLW solutions. A significant proportion of the
reports came from the local level across all world regions (see Figure 5).

3.1.1. VNRs and Biophysical Conditions

Of the 87 VNRs in our sample, 52% discussed solutions related to FLW reduction
(45 VNRs), 45% focused on food waste recycling (39 VNRs), and 32% on food waste
recovery (28 VNRs) (Table 4). Because some of the reports cover more than one type
of solution (reduction, recovery, and recycling), the percentages add up to more than
100%. The majority of the reported FLW reduction strategies (76% or 34 of 45 VNRs)
discussed postharvest interventions, with a focus on modernizing storage facilities for
various types of commodities such as seeds, grains, and fruits and vegetables. These
reports came mainly from Sub-Saharan Africa and from Small Island Developing States
(SIDS), with the Island States discussing primarily reducing losses of fishery products. The
second most frequently mentioned improvements were FLW reductions through improved
mechanization and transportation infrastructure. 13% of the reports discussed food waste
reduction technologies such as smart packaging and the use of coatings to extend the
shelf life of fruits and vegetables, and another 13%, like the VNRs from Egypt, Guyana,
Mauritius, and Seychelle, for example, discussed efficient production practices such as
bio-farming, hydroponics, and aquaponics.
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Table 4. Biophysical conditions discussed in the reviewed VNRs and VLRs.

VNRs N VLRs N
FLW Reduction 45 7
Food Waste Recovery 28 33
Food Waste Recycling 39 70

Over 30% of the reports focused on food waste recycling technologies came from
Europe. Almost two thirds of these VNRs discussed composting in different contexts such
as at schools, residential facilities, etc., while 36% focused on anaerobic digestion and
10% on utilizing food waste as animal feed thus reducing reliance on animal feed imports
(see for example a report from Japan). Reports focused on food waste recovery primarily
reported establishing or operating food banks and other food donation efforts (21 out of
28 VNRs or 75%). More than half of these recovery focused reports (57%) came from
European countries. A far smaller percentage of the VNRs (14% or 4 VNRs) focused on
upcycling technologies. Interestingly, the upcycling reports came from different world
regions and were quite region specific, including repurposing shrimp shells into organic
spices and fertilizers in Egypt and producing biopolymers from banana and cocoa crops
in Samoa.

3.1.2. VLRs and Biophysical Conditions

Among the 90 VLRs, food waste recycling received the largest coverage with 78% or
70 of the local reports. This was followed by food waste recovery (37% or 33 VLRs) and
FLW reduction (8%). Composting played a major role among these reports (77% or 54 of
70 reports). Reported solutions include home, community, and commercial composting
systems across all seven world regions, followed by anaerobic digestion (21% mainly from
Europe) and waste-to-energy projects (including from Cape Town). Two VLRs (eThekwini
and Helsingborg) discussed the production of biochar from food waste. Food waste
recovery and redistribution solutions were addressed in 52% of the reports (17 out of 33)
and came mainly from Europe, including from Finland (Stadin safka), the Netherlands
(Too Good To Go), and Portugal (Fruta Feia). 42% of the reports (14 of 33 reports) discussed
food banks while some distinctly regional reports focused on upcycling shrimp shell
waste (Indonesia) and repurposing used cooking oil (Malaysia). Only 8% discussed FLW
reduction through community-based urban agriculture solutions that address both food
access and food waste.

3.2. Rules-in-Use

The vast majority of both VNRs (73%) and VLRs (67%) discussed solutions based on
rules-in-use strategies. Approximately 30% of the VNRs and more than 22% of these VLRs
come from Europe (Figure 5).

3.2.1. Rules-in-Use in VNRs

Among the 120 VNRs that discussed rules-in-use solutions, the vast majority reported
on various FLW reduction plans, followed by a limited number of market-based interven-
tions (17%) and regulations (16%) (see Table 5). The rules-in-use based FLW reduction
strategies include developing a dedicated national food waste action plan or national
roadmap to reduce FLW (29%). The rules-in-use focused reports come predominantly
from Europe. However, the relative importance of reported rules-in-use strategies as a
percentage of the overall strategies reported from a world region, indicates the strongest
commitment to rules-in-use solutions in Central and Southern Asia (38%) and Oceana
(30%). Postharvest management strategies come (19%) mainly from Sub-Saharan Africa,
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and 14% of the reports discussed a goal of halving food waste by 2030 which aligns with
SDG 12.3. Several reports (11%) also addressed FLW reduction strategies as part of broader
food security and food systems strategies, including the EU Farm to Fork Strategy. Five
VNRs from Europe (Denmark, France, Greece, Norway, and the UK) discussed voluntary
agreements, such as the Courtauld Commitment launched by the Waste and Resources
Action Programme (WRAP) and a No Food Waste Certification program originating from
Greece. 31% (32 out of 104 VNRs) of the rules-in-use focused national reports discussed
food waste recycling strategies as part of a national waste management strategy (59%), a
circular economy strategy (15%), and a zero-waste masterplan (13%).

Table 5. Rules-in-use strategies reported in VNRs and VLRs.

VNRs N VLRs N
Strategies Regulations Market-Based Strategies Regulations Market-Based
Reduction 73 6 8 40 2 1
Recovery 7 6 6 0 1 0
Recycling 32 5 6 28 5 3
Disposal 0 4 0 1 2 0

Key market-based interventions discussed in the national reports include free food
waste audits for small businesses in the United Kingdom, subsidies for retailers to promote
imperfect produce in Western Asia, and a Value Added Tax exemption to encourage food
donations mainly in Europe. Regulatory measures include food waste reduction legislation
in Japan and Romania, postharvest regulations such in Ghana and Jamaica, food donation
regulations, and an outright ban on food waste in landfills in Kazakhstan.

3.2.2. Rules-in-Use in VLRs

Of the 78 VLRs that reported rules-in-use strategies, 88% (69 VNRs) focused on
planning documents, followed by regulations (13%) and market-based interventions (5%).
The large majority of the local reports (40 out of 69 VLRs or 58%) discussing FLW reduction
plans came from Europe. Reported strategies include local food reduction plans, green
city strategies, and local action plans to implement Agenda 2030. 41% (28 out of 69 VLRs)
of the local reports discussed food waste recycling strategies. These reports too came
predominantly from Europe, followed by plans from Eastern and South-Eastern Asia and
North America, including the Aloha+ Challenge from Hawai‘i, L.A.’s Green New Deal, and
zero waste strategies from Orlando, Florida, Pittsburgh, Pennsylvania, and New York City,
New York. Noteworthy are also local reports emphasizing circular economy principles
(22%) and zero waste strategies (14%). Other rules-in-use solutions that address regional
solutions within national boundaries include the California Senate Bill 1383 that introduces
organic waste recycling from the state of California, the Catalan Law 3/2020 which focuses
on preventing FLW in the Catalan region, and the use of sensors to address food waste
disposal violations from the city of Suwon in South Korea.

3.3. Attributes of Communities

A total of 67 out of 165 VNRs (41%) and 61 out of 116 VLRs (53%) discussed the
community at-tributes category of our IAD analysis, which was underexplored across the
eight world regions compared to the biophysical and rules-in-use categories.

3.3.1. Community Attributes in VNRs

Of the 67 VNRSs in this IAD category, 60% (40 VNRs) discussed raising awareness,
while 34% (23 VNRs) focused on education, and 31% (21 VNRs) on training activities
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(Table 6). Raising public awareness among consumers played a significant role (83% or
33 out of 40) among reports from Europe, Western Asia, and Eastern and South-Eastern
Asia. These countries reported on national campaigns such as the WRAP ‘Love Food
Hate Waste’ campaign in Australia and the UK. 10% discussed raising awareness among
students, including a holistic approach in Europe that promotes healthy eating, locally
sourced food, and food waste reduction. In terms of education, 52% (12 of 23 VNRs)
of the reports focused on consumers and 30% on students, mainly in Europe through
programs such as the EU Platform on Food Losses and Food Waste and Boroume at School
in Greece. Regarding training, 62% (13 out of 21) of the VNRs in this category discussed
farmer training emphasizing improved postharvest practices across Sub-Saharan Africa
and Western and South-Eastern Asia. Only 7% (5 out of 67 VNRs) of the reports discussed
awareness, education, and training activities for businesses, such as educating restaurants
on ways to reduce stocking expiration sensitive products in Saudi Arabia, and only 6%
(4 out of 67) discussed education and training for policymakers such as training programs
on food storage and fumigation in Jamaica.

Table 6. Promoting community attributes discussed in the reviewed VNRs and VLRs.

VNRs N VLRs N
Business  Consumers Farmers Policy Students All Business  Residents  Farmers Policy Students Teachers
Makers Actors Makers
Awareness 1 33 2 0 4 1 3 29 0 2 1 0
Education 1 12 2 1 7 2 3 16 0 1 12 1
Training 3 0 13 3 2 2 3 3 0 0 0 1

3.3.2. Community Attributes in VLRs

Among the 61 VLRs in this category, 54% discussed education, 52% covered raising
awareness, and 16% discussed training activities. Prominent themes in the education
focused reports include initiatives for local residents that focus on food waste recycling
in cities across Malaysia and the United States for example. 36% of the VLRs discussed
education initiatives for students such as European initiatives that promote sustainable
school meals with seasonal local produce and vegetarian options that reduce the carbon
footprint of food and food waste. Awareness raising initiatives focused primarily on
residents (90%), and 82% of the VLRs (9 out of 11) from Europe focused on FLW reduction
while 70% of VLRs (7 out of 10) from Eastern and South-Eastern Asia focused on raising
awareness for food waste recycling. A number of VLRs from Europe also discussed public
awareness campaigns, such as reducing food waste by eating more plant-based foods,
consuming less meat and processed foods, and opting for shorter food chains along with
organic, local, and sustainable food choices that promote more sustainable food systems.
Training initiatives at the local level focused on composting training, for example in Turkey
and South Africa. While 14% (9 of 61) of the VLRs discussed education, awareness, and
training initiatives for businesses, only 5% (3 VLRs) discussed education and awareness
for policymakers.

3.4. Patterns of Interactions

87 of the 165 VNRs (53%) in this category and 61 of the 116 VLRs (53%) discussed a
diverse range of interactions among relevant actors at the global, national, and local levels
that were distributed across all world regions.

3.4.1. Patterns of Interaction in VNRs

Among the 87 VNRs in this category, 28 different patterns of interactions were reported
including among major stakeholders across government, INGOs, businesses, and NGOs
as key actors at the national level (Figure 7a). Most of the reports in this category (14%)
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discussed interactions between governments, while 13% discussed government-INGOs
interactions, 8% government-business interaction, and 8% government-business-NGOs
interactions. 50% of the government-government interactions focused on international
initiatives, for example, between Fiji and Japan and between Slovenia and Kosovo and
among regional players in five Indian Ocean islands. INGOs also played a key role
in collaborations with national governments, including UN agencies such as the FAO,
UNEP, WFP and regional entities like the EU and the Pacific Regional Environment Pro-
gramme (SPREP) to support SIDS such as Micronesia, Samoa, and Solomon Islands. Of the
87 VNRSs in this category, 53% discussed interactions related to trust building such as
through technical partnerships and national networks, while 36% focused on communi-
cations and negotiations such as convening FLW campaigns and developing strategies,
and 26% on monitoring activities such as developing measuring and reporting tools to

address FLW.
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Figure 7. Patterns of interactions discussed in (a) VNRs and (b) VLRs. Categories are not
mutually exclusive.

3.4.2. Patterns of Interaction in VLRs

The 61 VLRs that mentioned “patterns of interaction” identified 25 different patterns
among relevant stakeholders. NGOs played a stronger role at the local level compared to
public sector actors whereby 18% of the reports discussed interactions between govern-
ments and NGOs at the subnational level, followed by government-business interactions
(13%) and government-government interactions (11%) (see Figure 7b). A number of VLRs
discussed city-to-city partnerships at the international level, such as collaborations between
the city of Buenos Aires and the Metropolitan Region of Santiago, between the cities of
Jakarta and Osaki, Japan, and between the cities of Hamburg and Dar es Salaam. Several
VLRs also discussed local and regional participation in the C40 Good Food City Declaration
and the Milan Urban Food Policy Pact which address sustainable food systems objectives.
Some reports also emphasize the coalitions that formed within some states and cities, such
as Zero Waste Hawai‘i and various Circular Economy Hubs such as the Basque Country
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in Spain and Hunter region in Australia. Of the 61 VLRs in this category, 64% discussed
interactions relating to trust building such as partnerships around FLW networks and
technical cooperation, 41% described communications such as providing information to
residents, and only 8% interactions relating to monitoring activities at the local level.

3.5. Technically Oriented Outcomes

56 of the 165 VNRs (34%) and 55 of the 116 VLRs (47%) in our sample discussed
technical outcomes, which represents a modest percentage compared to the technical
solutions described in Sections 3.1 and 3.2 above. VLRs from Northern Africa and Western
Asia show the highest proportion of reports focused on technically focused outcomes (20%).
VNRs from Eastern and South-Eastern Asia also report comparatively high levels of activity
in this category (see Figure 5).

3.5.1. Technically Oriented Outcomes in VNRs

Of the 56 VNRs, 38% (21 VNRs) discussed the environmental benefits of reducing
FLW, 32% (18 VNRs) covered progress in food waste recycling, 32% (18 VNRs) discussed
FLW reductions, and 9% (5 VNRs) improving food waste recovery. Two-thirds (14 out of
21) of the reports focused on environmental benefits discussed predicted benefits, such
as the potential for reducing GHG emissions in Iceland and the UAE, for example, and
promoted the water-energy-waste nexus through initiative like the co-digestion of food
waste and sewage sludge in Singapore. The remaining one-third (7 out of 21) discussed
observed benefits, such as objectives to enrich soils and reduce water pollution through
composting in Lesotho, North Macedonia, and Slovenia.

As for food waste recycling, 89% (16 out of 18) of the VNRs discussed outcomes
like food waste recycling goals in Singapore from 12% in 2012 to 16% in 2017, generating
7.3 million kWh of electricity annually from potato waste in Turkey, and converting the
equivalent of 33,000 tons of commercial food waste into energy in Australia. Biomethane
production from food waste contributes to SDG 12.3 along with SDGs 7 (clean energy) and
17 (partnerships), while 83% (15 out of 18) of the reports discussed reducing food loss,
such as postharvest losses of food crops primarily in Sub-Saharan Africa (i.e., millet and
sorghum losses in Namibia) and South-Eastern Asia (i.e., rice losses in Viet Nam), reduced
cold chain related losses in Thailand, and positive trends in reducing food losses measured
through the Food Loss Index in Kenya. Only 11% discussed progress in reducing food
waste, such as a reduction in food waste per inhabitant in Norway.

3.5.2. Technically Oriented Outcomes in VLRs

Among the 55 VLRs that mentioned outcomes related initiatives, 51% (28 VLRs) dis-
cussed progress in food waste recycling, 38% (21 VLRs) discussed environmental bene-fits,
23% (13 VLRs) improvements in food waste recovery, and 22% (12 VLRs) FLW reductions.
Regarding food waste recycling, 89% (25 out of 28) discussed observed outcomes and
emphasized the amount of organic waste collected or processed for composting. Regarding
environmental benefits, 67% (14 out of 21 VLRs) of the reports discussed observed outcomes
like CO, reductions, diverting 3500 tons of CO, emissions from food waste prevention in
Jakarta, reducing around 5500 tons of CO, emissions from a biogas plant in Bad Kostritz,
Germany, and reducing food-related GHG emissions from approximately 9800 tons of CO,e
in 2018 to less than 5400 tons of CO,e in 2021 in Ghent, Belgium. Other environmental
benefits such as reduced water usage at the local level were not discussed in VLRs.

In terms of food waste recovery, all 13 VLRs in this category discussed the amount
of surplus food collected, donated, and distributed in various units such as kilograms,
tons, pounds, and number of meals. A few VLRs also reported progress in reducing the
amount of food waste per capita in the city of Amsterdam and food waste per day per
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capita reductions in the District of Seodaemun-gu, South Korea. Numerous VLRs also
highlighted the benefits of addressing Target 12.3 with respect to other SDGs, such as goals
number 2 (zero hunger), 3 (good health), 6 (clean water), 11 (communities), and 14 (life
below water).

3.6. Socially Oriented Outcomes

44 VNRs (27%) and 38 VLRs (33%) discussed socially oriented outcomes, which
represented a modest percentage compared to the socially oriented solutions described in
Sections 3.3 and 3.4 above. VLRs from Northern Africa and Western Asia and from Eastern
and South-Eastern Asia report the highest mentions of activities in this category with 13%
of their reports referencing socially oriented outcomes and outcomes measures (Figure 5).

3.6.1. Socially Oriented Outcomes in VNRs

Of the 44 VNRs that discussed social outcomes associated with FLW related initiatives,
61% (27 VNRs) discussed improved food security and well-being, 20% (9 VLRs) discussed
greater community engagement, 18% (8 VLRs) covered employment opportunities, and 11%
(5 VLRs) addressed increased education and student engagement. These benefits mainly
focused on the number of people who benefitted from FLW initiatives. Regarding food
security and well-being, 67% (18 out of 27) of the reports highlighted positive impacts of
food recovery efforts in supporting vulnerable populations and reducing food waste, such
as the Food Bank Viet Nam objective that served more than 3 million people between 2016
and 2021. Other examples included the construction of keyhole gardens, which benefitted
over 115,000 people in Lesotho, and upcycled food waste such as the whey-based drink
Piena Speks that offers a range of potential health benefits while addressing food waste
in Latvia.

Examples of community engagement efforts discussed in the reports include the
number of partners engaged in food banks that foster connections among community
members, and employment opportunities like the Chito Shrimp initiative reported from
Egypt that benefited over 250,000 Egyptians by repurposing shrimp shells. Other reported
social outcomes include the increased level of student engagement. Examples include
initiatives from Slovenia where 150,000 children participated in the School Fruit and
Vegetable Scheme initiative and from Greece where 24,000 students participated in a
Boroume School program, contributing to several SDGs such as 3 (well-being), 4 (education),
12 (consumption), 13 (climate), and 15 (life on land).

3.6.2. Socially Oriented Outcomes in VLRs

Of the 38 VLRs in the social outcomes category, 47% discussed increased food secu-
rity and well-being, 37% covered community engagement, 18% discussed education and
student engagement, and 16% discussed employment opportunities. Prominent (67%)
in the food security and well-being group of reports are those focused on food recovery
benefits for vulnerable populations and surplus food reductions. Other examples included
shared refrigerator projects in the city of Suwon, South Korea that promote food shar-
ing with neighbors, and rooftop allotments in Barcelona, Spain with increased access to
fresh produce while reducing food waste. Community engagement played a stronger role
in VLRs, including at BuurtBuik in the Netherlands where FLW initiatives are fostering
community connections and preventing social isolation. Zero Waste Schools in Hawai‘i
engaged students in composting programs which received national awards and Kodomo
shokudo (children’s cafeterias) promoted food education for children and intergenerational
partnerships by engaging children and older adults in Kitakyushu, Japan. Food distribu-
tion, upcycling, and composting programs also created employment opportunities, and
contributed to multiple SDGs such as 1 (no poverty), 2 (zero hunger), 3 (good health),
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8 (decent work), 9 (industry), 11 (communities), and 17 (partnerships) in addition to
Target 12.3.

4. Discussion and Future Directions

The IAD framework we applied to the 165 VNRs and 116 VLRs in our sample
used three sets of exogenous variables (biophysical conditions, attributes of commu-
nity, and rules-in-use) which influence action situations, patterns of interactions, and
outcomes [35,36]. Our analysis revealed that most of the FLW solutions reported in the
VNRs and VLRs focused on technical solutions while socially based solutions were less
prominent. This is particularly evident in the ‘biophysical conditions” and ‘rules-in-use’
sections of our IAD framework. The majority of technical solutions discussed in VNRs were
rules-in-use based, while the VLRs focused on biophysical solutions. Regarding socially
based solutions, the reported education, awareness, and training activities focused mainly
on consumers and residents while few initiatives focused on businesses and policymakers.
The reports also discussed a wide range of interactions among relevant actors including
city-to-city partnerships that span the globe. Outcomes focused reports repeated the same
pattern and were also dominated by technically oriented outcomes, while socially oriented
outcomes were underexplored. This suggests a need for more integrated approaches that
combine technical and social strategies. Building on these results, we highlight key areas
for consideration that could strengthen future FLW activities.

First, within the biophysical condition category of our IAD framework, most of the
VLRs discussed food waste recycling technologies, while fewer focused on food waste
reduction, the most preferred approach according to the widely accepted wasted food scale.
This aligns with finding reported by Mourad [86] and Messner et al. [20] who confirm
that many existing initiatives concentrate on managing surplus food that has already been
produced rather than preventing surplus food in the first place. Very few Reviews (all from
Europe including VNRs from Hungary and Spain, and VLRs from cities of Amsterdam
and Ghent) discussed the role of shorter food supply chains in preventing FLW, and a
small number of VNRs (Egypt, Guyana, Mauritius, and Seychelles) discussed the role of
innovative urban farming methods such as aquaponics and hydroponics which reduce
water use, water runoff, groundwater pollution, and eutrophication [87]. Further research
investigating more waste conscious production techniques in urban communities could
further advance more sustainable food systems and reduce losses of highly perishable
foods like leafy greens, herbs, and other nutrient dense foods.

Second, concerning the rules in use category of our IAD framework, the overwhelming
majority of VNRs and VLRs discussed national and local rules-in-use strategies to address
FLW. Our findings align with Shen et al. [73], who state that most current food waste policies
are focused on the national strategic level. Some VNRs such as from Norway suggested
the importance of legally binding measures to meet the 50% reduction target by 2030, as
formal institutions encourage a high degree of compliance. Market interventions such as
tax incentives can encourage businesses and individuals to address FLW, yet the small
number of reports in this category suggest that these incentive-based strategies may not
enjoy wide participation and may fall victim to the free-rider problem, where individuals
benefit from the actions of others without contributing [23,24]. As Anderies and Janssen
note, larger groups can make it easier for individuals to act as free riders [88], and local and
community-based solutions, as well as informal institutions such as unwritten rules and
norms are crucial in fostering broad cooperation to achieve desirable outcomes. Informal
institutions can therefore influence the adoption of formal policies [24,35]. According to
Helmke and Levitsky [89], informal institutions can effectively address limitations in formal
institutions and can shape complementary, substituting and accommodating solutions.
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At the same time, effective interactions between formal and informal instituions can also
mitigate tensions resulting from potentially competing instituional aims. O’Hara [24]
argues that even in the absence of formal institutional frameworks at the global level, local
action can successfully advance desired outcomes. Further research might specifically focus
on the role informal institutions can play in shaping behaviors that promote FLW reduction
goals not through formal rules and incentives but through conscious lifestyle decisions
and mindsets.

Third, the ‘“attributes of community’ category of our IAD framework seems especially
important for the evolution of informal institutions. Yet our analysis finds that this category
is underexplored in the reviewed VNRs and VLRs. Only a few reports, such as VNRs from
Dominica and Iceland and VLRs from Orlando and Sydney, discussed challenges in shifting
mindsets to view discarded materials as valuable resources. While different cultures have
varying perceptions of what is considered waste, only a small number of VNRs discussed
the role of culture and tradition, such as embracing Maori perspectives and the principle of
Kaitiakitanga in New Zealand to sustain and restore collective resources; and embracing
cultural practices of Indigenous communities in Guyana. This aligns with existing research
regarding a lack of studies on FLW and cultural variables [90-92]. Further research will be
needed regarding the role of culture and tradition in supporting FLW goals. Several reviews
from Europe also discussed the co-benefits of reducing food waste and GHG emissions
through lifestyle and dietary changes, such as healthy eating and local food promotion.
This supports recent findings from Australia [93] that nutrition-conscious consumers waste
less food, partly due to better planning and shopping behaviors. As policymakers play
a critical role in developing and implementing FLW program [64], increasing awareness
among policymakers may be essential for setting the stage for more effective strategies to
promote synergies between formal and informal institutional solutions. Future research
should investigate the cultural and social dimensions of FLW, particularly how community
attributes and informal institutions shape collective behaviors. Examining local traditions
and cultural values could reveal how perceptions of waste vary across contexts. Research
should also explore how formal policies can align with these informal, culturally embedded
practices to create more effective, integrated FLW strategies. Finally, understanding the
behavioral co-benefits of reducing food waste, such as nutrition-conscious consumption and
local food promotion, may help identify ways individual actions can reinforce institutional
solutions. Interdisciplinary frameworks based on behavioral approaches [94] and food
citizenship initiatives [95] can offer useful pathways for advancing community attributes.

Fourth, our findings regarding patterns of interactions reveal that institutional ar-
rangements for FLW solutions are characterized by multiple stakeholders that require
coordination and collaboration at the national regional and local levels. The projected surge
in urban populations, with 70% of the world’s population projected to live in cities by
2050, will further increase the role of local governments creating FLW solutions in cities
and metropolitan areas. Strengthening national-local coordination, including strategies
for engaging community groups and small-scale FLW entrepreneurial initiatives, will be
key to advancing FLW solutions and cross-sector collaboration. This aligns with research
regarding the role of start-ups in changing normative and cognitive-cultural institutional
pillars [96]. While the reported interactions in the VNRs and VLRs do not necessarily
provide information about the level of trust and cooperation they generated, it can be
assumed that improved interactions especially among typically segregated types of actors
are a step in the right direction in overcoming barriers and reducing the free-rider problem
that often stand in the way of effective waste reduction solutions. Further studies on
effective collaborations between local governments and non-governmental stakeholders
will be important for advancing outcomes and developing effective local and regional FLW
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reduction strategies. Emerging contemporary debates, such as urban food governance [97],
multilevel governance [41,42], food system governance [98], and the political ecology of
waste [99] can also make meaningful contributions to advancing effective institutional
arrangements to reduce FLW.

Like the reported activities, outcomes were also dominated by technical considerations,
such as environmental benefits and the amount of organic waste collected for composting.
Our findings highlight the variation in the reported FLW numerical values, including food
waste recycling rates, the amount of organic waste collected, the amount of surplus food
donated, and food waste per capita. Published research also highlights the challenges
associated with measurement issues [6] and much work remains to harmonize FLW def-
initions and measurements [15]. Environmental impacts were largely focused on GHG
emission reductions, with a surprising lack of attention to other co-benefits such as reduced
land and water usage. This suggests that research on the water footprint of FLW remains
relatively underexplored [100] and further research that studies the indirect resource losses
embedded in FLW could particularly focus on the water use and pollution related impacts
given that agriculture appropriates approximately 70% of global freshwater use.

Finally, fewer VNRs and VLRs discussed socially oriented outcomes such as improved
food security and the benefits of food recovery efforts. This seems surprising since a grow-
ing body of research connects FLW and social sustainability in addition to its environmental
and economic dimensions [83,86,101]. Other social dimensions, such as the impact of FLW
on workers and working conditions are even less explored in the VNRs and VLRs in our
sample. In light of new comprehensive assessment tools like Social Life Cycle Assessment,
for example, these finding also call for further research that focus on a more systematic
and comprehensive evaluation of the social implications of FLW interventions, including
their effects on vulnerable populations, labor conditions, and equitable access to recovered
food. Such studies would help integrate social sustainability considerations into policy
frameworks and local action plans, complementing the existing focus on environmental
and economic outcomes.

5. Conclusions

This study examined the coverage of FLW solutions in the VNRs and VLRs submitted
to the UN during the first ten years since the adoption of the SDGs. Given the key role
government policies play in shaping individual and collective FLW solutions, an analysis
of VNRs and VLRs submitted by national and local/regional governments is especially
instructive in understanding the institutional dimensions that impact the effectiveness of
FLW initiatives. A systematic review of 165 VNRs and 116 VLRs submitted between 2016
and 2024 categorized the reports using the IAD framework. The application of the IAD
framework is a novel approach that identifies prevalent patterns and research gaps in the
FLW solutions reported.

Our analysis found that there are fewer socially oriented solutions than technical
solutions in the VNRs and VLRs submitted to date. Similarly, most of the measures used to
assess progress toward the FLW goals discussed in the VNRs and VLRs are technical in
nature and few reports measured progress in socially oriented objectives. An exception
is VNR and VLR reports from Northern Africa, Western Asia and Latin America and the
Caribbean. These regions stand out as having a larger number of VNRs that describe
socially oriented outcomes and success measures compared to technical ones.

A limitation of this study is the reliance on English-language VNRs and VLRs. This
potentially excludes relevant reports published in other UN languages, particularly in
Spanish. However, 17% of VNRs and 11% of VLRs in our sample stem from the Latin
America and the Caribbean region suggesting a fairly robust representation in our sample.
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At the same time, activities in the English-speaking countries may be underrepresented
given that the United States has yet to submit a VNR and is represented only by the
contributions of VLRs from five U.S. cities and one State (Hawai‘i).

Our analysis further suggests that progress could be made by giving greater attention
to informal institutions (i.e., customs, norms, and shared mindsets) and their interaction
with formal institutions (laws, regulations, and policies). The rules-in-use category reported
in the VNRs and VLRs focused on activities and strategies rather than regulations to
advance FLW solutions. While increased activities through formal institutions such as
regulations may be desirable, they often struggle with the free rider problem [23,24].
Informal institutions can play a vital role in reducing free-riding and advancing less
formal, voluntary FLW solutions. The IAD category ‘attributes of community’ is especially
important in this regard, and can capture ways to advance the role of informal institutions.
This category is underexplored in both VNRs and VLRs suggesting that more attention
must be given to the influence of cultural norms and traditions related to food in general
and FLW in particular. One solution may be an increased focus on education and social
engagement in advancing FLW solutions. SDG Target 12.3 is the explicit expression of
global FLW goals. Our findings suggest that a greater focus on systems approaches and
cross-boundary collaborations, such as engaging diverse stakeholder views and advancing
cooperation models may be needed to guide FLW interventions. Given the range of diverse
initiatives evident in the VNRs and VLRs we analyzed, a stronger focus on socially based
rather than technical solutions may also advance effective collaborations between local,
regional, and global actors that can sustain FLW initiatives beyond the 2030 timeframe of
the SDGs.
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Abstract: Reducing consumer food waste plays an important role in achieving the Sustainable De-
velopment Goals. Considering the large number of colleges in China, with the largest enrollment
in the world, it is especially important to address the issue of food waste among college students.
However, the mechanisms underlying the effects that the college canteen catering modes have on
the food-saving behavior of college students remain unclear. To fill this gap, an integrated theoret-
ical framework model was constructed from the perspective of “psychological factors-behavioral
intention—external environment-actual behavior” based on the theory of planned behavior, the norm
activation model, and the attitude—context-behavior theory. Then, 422 valid questionnaires were
empirically analyzed by structural equation modeling and hierarchical regression. The main conclu-
sions of this study are as follows: (1) Food-saving intention and herd mentality are the major drivers
of college students’ food-saving behavior. Personal norms, attitudes, subjective norms, perceived
behavior control, and health risk perception are influencing factors on food-saving intention, among
which personal norms have the greatest effect. (2) The standard-quantity catering mode has an
inhibitory moderating effect, while the large-/small-portion-size and buffet catering modes have
promoting moderating effects in the transformation of food-saving intention into actual behavior.
Notably, the moderating effects of the buffet catering mode are more pronounced than those of the
large-/small-portion-size catering mode. (3) The standard-quantity catering mode has a promoting
moderating effect, while the large-/small-portion-size and buffet catering modes have inhibitory
moderating effects in the path of the negative impact of herd mentality on food-saving behavior.
These conclusions can help colleges recommend strategies to avoid food waste on their campuses
from the perspectives of both the individual student and the food provider.

Keywords: food waste; food-saving behavior; catering mode; structural equation modeling;
hierarchical regression analysis; college canteens; UN Sustainable Development Goals

1. Introduction

Food waste, one of the greatest challenges in the context of global climate change, is
associated with huge economic losses [1], tremendous resource waste, and severe environ-
mental damage [2,3]. The Sustainable Development Goals (SDGs) were introduced by the
United Nations Summit on Sustainable Development on 25 September 2015, in the hope
that from 2015 to 2030, people will be able to comprehensively address the three dimensions
of development—that is, social, economic, and environmental dimensions—and shift to a
path of sustainable development. Item 12.3 of the SDGs directly states that, by 2030, the
per capita food waste at the retail and consumption stages should reach a specific target
reduction of 50% [4]. According to the latest statistics from the United Nations Environ-
ment Program (UNEP), the total amount of food wasted globally has reached 1.03 billion
tons per year, about 11% of which occurs at the consumption stage of the food supply
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chain, while only 2% occurs at the retail stage [5]. Relevant studies have pointed out that
intervening in consumers’ food waste behaviors at the consumption stage can reduce food
waste by about 50% [6]. In summary, reducing food waste in consumers’ daily catering
consumption activities is the key way to build a sustainable food system and achieve the
goal of sustainable development.

In China, the catering industry generates about 17-18 million tons of food waste
annually [7], accounting for approximately 3% of China’s total annual grain yield. In the
1950s and 1960s, China experienced food shortages, and the food supply was less than the
demand. The people born in this period experienced food crises, which resulted in their
love of food and their desire to save it, a conclusion verified in the studies of Hou et al. [8]
and Wang et al. [9], which also revealed that the youth are the key target of the food waste
reduction task. Colleges and universities constitute a vital component of China’s social
development. Based on a current student scale of 44.3 million in China (2021) [10], the
amount of food wasted by Chinese college students each year while dining in canteens is
estimated to account for approximately 8% of China’s total food waste [11]. This amount is
sufficient to feed 10 million people for one year [12]. Consequently, with regard to ensuring
the sustainable development of colleges and universities, food waste in college canteens
poses an urgent problem.

Both weak food-saving intentions and barriers posed by the external environment
tend to increase food waste by college students [13,14]. In response to the weak food-saving
intentions among students, Chinese colleges and universities have taken a series of publicity
and education measures. Prominent examples include strengthening public food-saving
messaging and holding regular themed lectures and class meetings, as well as designing
food-saving signs, slogans, and posters for placement in the entrance hall, dining table,
wall, and food-recycling areas of university canteens, with the aims of enhancing the food-
saving intention of students and reducing food waste in colleges and universities [15,16].
While these measures have improved the food-saving intentions of students to a certain
extent, there is still a problem of negativity in their actual food-saving behavior [17]. This
is consistent with the research findings of Ellison et al. [18], who showed that educational
activities do not affect students’ food-saving behavior, except for changing their opinions on
saving food. In this sense, simply improving the food-saving intentions of college students
through education is not sufficient to improve the status quo of food waste in colleges
and universities; the effects of external environmental factors also need to be considered.
At present, the main external barriers that prevent college students from saving food are
the mismatch between the homogeneous and inflexible food supply modes in college
canteens and the differentiated food-saving needs of college students [19]. However, it still
remains unclear how the existing catering modes in college canteens affect college students’
food-saving behavior and decision-making processes. In other words, the role that each
catering mode plays in the transformation of college students” food-saving intentions into
actual food-saving behavior has not yet been clarified.

2. Literature Review

The existing research related to consumer food-saving behavior focuses on exploring the
psychological driving mechanisms behind it with the help of the theory of planned behavior
(TPB) and the normative activation model (NAM). For example, Gokarn et al. [20] and Wang
et al. [21] constructed a structural equation model with the help of the TPB and pointed out
through empirical analyses that subjective norms, attitudes, and perceived behavioral control
significantly affect consumers’ food-saving intentions. Academics have also pointed out
that the TPB has good extensibility and has attained a good explanation rate for explaining
the psychological formation mechanism of individual pro-environmental behaviors [22,23];
however, some scholars have criticized the TPB for overemphasizing the influence of rational
factors on individual pro-environmental behaviors and ignoring the influence of the individ-
ual’s irrationality and the ethical motives for their behaviors [24,25]. Thus, Shin et al. [26]
questioned the validity of the TPB in explaining pro-environmental behavior.
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The NAM suggests that the performance of a behavior by an individual depends
on the sense of moral obligation formed in the individual toward the behavior, stressing
the explanation of individual pro-environmental behavior from the perspective of moral
motives [27]. Wang et al. [28] constructed a model of the moral psychological driving
mechanism of consumer food-saving behavior with the help of the NAM and conducted
an empirical analysis with the help of structural equation modeling, pointing out that
consumers’ sense of moral obligation to save food positively affects their food-saving inten-
tions, achieving a good explanation rate. However, some scholars have criticized the NAM
for overemphasizing the moral motivation of individual pro-environmental behaviors
and neglecting to explain individual environmental behaviors from the perspective of
rational motivation [27]. As a result, the validity of the NAM in explaining the formation
mechanism of individual pro-environmental behaviors has been questioned [26,29].

With the increasing depth of research, the combined use of the TPB and NAM is consid-
ered critical for analyzing the psychological driving mechanisms of consumer food-saving
behaviors and developing effective guidance strategies. As Shin et al. [26] and Jia et al. [29]
pointed out by constructing the TPB-NAM integrated theoretical model and using ques-
tionnaire research combined with structural equation modeling for empirical research, the
TPB-NAM integrated model pays attention to both the rational and moral motivations of
individual influences on behavior and strives to achieve a balance between pro-ego and pro-
social in reducing consumers’ food waste behaviors. Although the TPB-NAM integrative
theoretical model has gained wide recognition at the level of the psychological formation
mechanisms of individual pro-environmental behaviors, some experts have criticized the
TPB-NAM integrative theoretical model for only focusing on the psychological factors of
pro-environmental behaviors while largely ignoring the roles of external environmental
factors in pro-environmental behavioral decision-making [30,31].

Catering mode has been shown to be an important external environmental factor in
reducing consumer food waste behavior. Werkman et al. [32] identified the food portion
size as an important influencing factor in consumer food waste, suggesting that most
consumers with food-saving tendencies end up wasting food because the food portion size
exceeds their personal appetites. Li et al. [33] uncovered that, when dining in cafeterias that
grant them the freedom to choose both the food category and food portion size instead of a
traditional restaurant, consumers often show strong food-saving tendencies. As academics
focus on the issue of food waste among college students, research on food waste in colleges
has clearly shown that food satisfaction [34] and the food portion size [35] are significant
factors that influence the food-saving behaviors of college students; that is, the larger the
food portion size, the lower the food satisfaction, and the more likely students are to waste
food [35]. According to Zhao and Manning [36], the food category and food plate size
both significantly affect students’ food waste. Richardson et al. [37] proved that adjusting
the size and shape of food plates helps to reduce food waste in college canteens. Based
on a field survey of college canteens, Fan et al. [38] pointed out that college students’
food-saving behaviors vary with the specific catering modes in college canteens. Moreover,
students can save an average of 13.30 g of food per meal when dining at buffet buttery
hatches (buttery hatch: a small window for passing food in university canteens) instead
of standard-quantity buttery hatches. In summary, the catering modes in college canteens
constitute a key factor influencing college students’ food-saving behaviors.

The above studies have shown that food portion size and food category are important
reasons affecting the food waste of college students at home and abroad; however, different
types of catering modes in college canteens have different degrees of restriction on the
students’ selection of food portion size and food category, which, in turn, have different
degrees of influence on the students’ food-saving behavior. This study categorized the ex-
isting catering modes into the following three types based on the way that students choose
their food categories and food portion sizes: the standard-quantity catering mode (fixed
portion sizes), the large-/small-portion-size catering mode (portion sizes are optional), and
the buffet catering mode (arbitrary choice of food categories and portion sizes). The above
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research on the catering-mode factors makes up for the lack of external environmental
factors in the existing research on food-saving behavior; however, it was limited to identi-
fying the influences of the college canteen catering modes on the food-saving behaviors of
college students through regression analysis or field measurements and did not conduct
an in-depth analysis of the paths through which the different types of catering modes
influence the food-saving behaviors. That is, the mechanisms underlying the effects of the
college canteen catering modes on college students’ food-saving behavior are still unclear,
which is an unresolved issue in the existing research.

The factors that influence consumer food-saving behavior are multi-dimensional [11].
This means that, in order to explore the mechanisms underlying the influences of the
external environmental college canteen catering modes on college students’ food-saving
behaviors, it is necessary to consider the psychological decision-making mechanisms
underlying how the college canteen catering modes influence individual food-saving
behaviors by combining internal and external factors. The attitude—context— behavior
(ABC) theory suggests that external environmental factors have moderating effects on the
transformation of a psychological tendency into an actual behavior [39]. Although the ABC
theory has achieved wide academic recognition in explaining the mechanisms by which
external environmental factors influence individual behavior, some scholars have pointed
out that the ABC theoretical model largely ignores the psychological formation mechanisms
of individual behaviors, which makes its findings one-sided [40]; therefore, it is usually
used in conjunction with theories that explore psychological factors [41]. Therefore, in this
study, we investigated the mechanisms of the influences of the college canteen catering
modes on the food-saving behavior of college students with the help of three theories: the
TPB, NAM, and ABC theory.

When exploring the psychological decision-making mechanisms of the food-saving
behavior of college students, it is not only necessary to determine whether the psychological
variables selected for the study are the influencing factors of the behavior but also to identify
the path through which each psychological factor influences the behavior. The existing
studies mostly use structural equation modeling (SEM) to solve this kind of research
problem [20,28,31]. SEM is a statistical method that is used to analyze the relationships
between the variables based on their covariance matrix. Compared with the traditional
regression analysis method, SEM can determine the path of influence of each factor on the
behavior while performing a factor analysis, which is the advantage of this method and the
reason that it was selected for this study [42,43]. While exploring the moderating effects of
the external environmental factors (the college canteen catering modes) on college students’
food-saving behavior with the help of the ABC theory, hierarchical regression analysis is
the most commonly used and effective method to solve this type of problem in the existing
research, and the advantage of choosing the hierarchical regression analysis method for
this study is reflected in its ability to exclude other irrelevant variables, preventing them
from interfering with the moderating variables [44].

To sum up, in this study, we took college students as the research object, constructed a
research framework from the perspective of “psychological factors-behavioral intention-
external environment-actual behavior” with the help of the TPB, NAM, and ABC theories,
and used structural equation modeling through questionnaire research and stratified
regression analysis for empirical testing to explore the influence mechanisms of the college
canteen catering modes on college students’ food-saving behavior. The results of this study
provide a reference for China and other Asian countries for the development of effective
strategies to reduce food waste in college canteens.

3. Theoretical Basis and Research Hypotheses
3.1. TPB and Research Hypotheses

The TPB maintains that the decision to perform a certain behavior involves a rational
thinking process. According to the TPB, an individual’s intention to behave is influenced
by three factors: attitudes, subjective norms, and perceived behavioral control, and the
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intention to behave is a key predictor of behavior [24]. Attitude refers to a consumer’s
positive or negative evaluation of food-saving behaviors. In general, a consumer with a
more positive evaluation of food-saving behavior is more likely to possess strong food-
saving intentions [20]. Subjective norms refer to the social pressure consumers experience
when deciding whether to perform food-saving behavior. Generally speaking, when
influenced by social conformity norms, an individual under greater social pressure has
a stronger tendency to align with the expectations of those who are important to them.
If a consumer experiences positive expectations from others (such as parents, teachers,
and friends) and recognizes their food-saving behavior, the possibility that they will
perform food-saving behavior will increase [21]. Perceived behavioral control refers to
consumers’ perception of the ease or difficulty of performing food-saving behavior, which
is hindered by external environmental factors (such as the absence of (or change in) a
purchase plan [45], an unwillingness to consume leftovers, and the inability to control food
portion sizes). Perceived behavioral control is also influenced by judgments about the
values created by the performance of food-saving behavior. This means that consumers
who can better overcome the hindrance of external factors and who regard food-saving
behavior as easier to perform will have strong food-saving intentions [21]. According to
the TPB, the intention to behave is often considered a strong internal stimulus and an
antecedent of behavior [46]. In situations in which it is difficult to measure individual
pro-environmental behavior, scholars tend to replace actual behavior with the intention to
behave [47]. It has been pointed out that consumer food-saving intentions positively affect
their food-saving behaviors [21,46]. To summarize the above, the following hypotheses
are proposed:

H1: Students’ attitudes have a significant positive effect on their food-saving intentions.

H2: Students’ subjective norms have a significant positive effect on their food- saving intentions.
H3: Students’ perceived behavioral control has a significant positive effect on their food-saving intentions.
H4: Students’ food-saving intentions have a significant positive effect on their food-saving intentions.

Recently, certain scholars have incorporated herd mentality and risk perception into
their research on individual pro-environmental behavior and have identified them as
important predictors in the TPB [44,48]. Therefore, in this paper, the above two factors are
introduced into the basic model of the TPB, and the extended TPB model is used to explain
the factors influencing college students” food-saving behavior at the level of individual
rationality. Herd mentality refers to the psychological tendency of individuals to change
their behavior under the influence of a particular behavior of the group around them, with
the goal of aligning their behavior with that of the people around them [49]. Research has
shown that Chinese consumers are more susceptible to the influence of the behavior of
other groups than U.S. consumers [50]. When studying the catering consumption behavior
of residents, scholars have found that consumers have a herd mentality toward food
waste behavior, mainly because of their tendencies to save face and follow trends [22].
College students are the main consumers of college canteen catering activities, and their
catering consumption behavior may also change with that of their classmates around them.
Moreover, when college students go out for meals, most of them will refer to the treatment
of leftovers by other students around them before making their own decisions as to whether
to pack leftovers or not [51]. Considering the above-mentioned content, depending on its
specific definition, herd mentality affects consumer food-saving intentions and behavior
in different manners, either positively or negatively. As this study is aimed at solving the
problem of food waste in colleges, herd mentality is defined as the tendency of college
students to exhibit a consistent behavior or response when others generate food waste.
It was speculated that, under the influence of an environment that tolerates food waste,
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college students may relax the requirements for themselves in terms of their food-saving
intentions and behavior. Accordingly, the following hypotheses are presented:

H5: Students’ herd mentality has a significant negative impact on their food-saving intentions.
He6: Students’ herd mentality has a significant negative impact on their food-saving behavior.

Risk perception is an intuitive judgment about the characteristics and severity of a
specific, objective risk [52]. Property loss, environmental deterioration, and health threats
are all risks posed by food waste. With the development of society and the improvement
in people’s quality of life, health risks are receiving increasingly close attention. For the
purpose of this study, health risk perception refers to the individual’s perception of the
health risks posed by stale food and edible leftovers. Research on hotel and home catering
consumption behaviors shows that consumers have weakened food-saving intentions
when they have concerns about the health and hygiene status of packed leftovers [23], as
well as about the potential harms of consuming expired food or leftovers [22,53]. Similarly,
the authors suspect that students who perceive more severe health threats from stale food
and edible leftovers are more likely to generate food waste. To this end, the following
hypothesis is proposed:

H7: Students” health risk perceptions have a significant negative impact on their food-saving intentions.

3.2. NAM and Research Hypotheses

The NAM explains the pro-environmental behavior of an individual from the perspec-
tive of the moral norms formed by the individual toward such behavior. The NAM includes
three core latent variables: awareness of consequences, ascription of responsibility, and
personal norms [28]. Personal norms refer to the sense of moral obligation formed by an
individual toward a certain behavior. Ascription of responsibility involves an individual’s
perception of responsibility for the adverse consequences of not performing a certain behav-
ior. Awareness of consequences relates to an individual’s perception of the potential impact
that a certain behavior may have on society and others [28]. To a certain extent, consumers’
moral norms can influence their daily consumption behavior [27]. The NAM suggests
that the source of power that drives individuals to perform food-saving behavior is their
sense of moral obligation (i.e., their personal norms). Based on a TPB-NAM integrated
model, scholars have pointed out that positive personal norms play an important role in
the formation of food-saving intentions [30]. A consumer with a stronger perception of the
ascription of responsibility toward food-saving behavior is more likely to self-condemn
and feel guilty for the serious adverse consequences caused by food waste; this further
stimulates personal norms to promote the performance of food-saving behavior [54]. The
stronger the consumers’ perception of the adverse consequences of food waste, the more
likely it will be that their personal norms will be activated to urge their performance of
food-saving behavior [55]. Generally speaking, when individuals become aware of the seri-
ous adverse consequences of not performing pro-environmental behaviors, they develop
an effective sense of an ascription of responsibility toward such consequences and engage
in behaviors that comply with personal norms [56]. In summary, the following hypotheses
are proposed:

HS: Students’ personal norms have a significant positive effect on their food-saving intentions.
H9: Students’ ascription of responsibility has a significant positive effect on their personal norms.
H10: Students” awareness of consequences has a significant positive effect on their personal norms.

H11: Students” awareness of consequences has a significant positive effect on their ascription
of responsibility.
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Relying on the extended TPB model, scholars have identified subjective norms as an
antecedent of personal norms, suggesting that subjective norms can not only be used to test the
social correctness of individual behavior but can also be perceived and internalized as personal
norms by individuals [57]. Therefore, if individuals perceive that food-saving behavior is
socially accepted, they will feel obligated to perform such behavior. Related studies have also
confirmed the connection between individual subjective norms and personal norms [58]. In
general, under the combined pressure from society, schools, parents, and teachers, individual
students tend to enhance their sense of moral obligation toward pro-environmental behaviors.
Hence, the stronger a college student’s perception of subjective norms toward food-saving
behavior, the stronger their perception of responsibility, and the higher their level of personal
norms. In summary, the following hypothesis is proposed:

H12: Students’ subjective norms have a significant positive effect on their personal norms.

3.3. ABC and Research Hypotheses

According to the ABC theory, the psychological tendency of an individual when
deciding whether to perform a behavior is subject to interference from the external environ-
ment [39]. In a favorable external environment, if an individual has a positive psychological
tendency toward a certain behavior, then that individual will likely perform the behavior.
On the contrary, in an unfavorable external environment, if an individual has a negative
psychological tendency toward a certain behavior, such an external environment will
hinder that individual from performing the behavior. In this study, the catering modes
(external environmental factors) are considered to potentially play moderating roles, as
they directly affect consumers’ ordering behavior and further influence their food-saving
behavior. As a case in point, Li [59] substituted students’ food-saving intentions for their
actual food-saving behaviors. Using the PRECEDE-PROCEED model, Li pointed out that
enabling factors (including catering modes) can moderate the relationship between an
individual’s food-saving intention and its antecedents.

Currently, there are three main catering modes offered in college canteens: (1) the
standard-quantity catering mode, wherein the food portion size served by the canteen
staff is basically the same for each student and only two or three dishes are offered with a
set meal of rice; (2) the large-/small-portion-size catering mode, wherein a large portion
size and a small portion size, allocated by the canteen staff, are available for selection by
students as needed; and (3) the buffet catering mode, wherein students can freely choose the
category and portion size of food that they like, and the food is then weighed and charged
accordingly. At present, the standard-quantity catering mode is the dominant catering
mode across college canteens. However, due to the varied food needs of students, even
those with strong food-saving tendencies may end up wasting food, as they have no control
over the category or portion size of their food. Specifically, students with large appetites
may find the standardized portion size insufficient and purchase several portion sizes,
while students with small appetites (or those who are picky) may find the standardized
portion size excessive. In both cases, food is wasted, and the performance of food-saving
behavior is hindered. In addition, when students have a low level of control over the
category and portion size of their food, they may relax the requirements for themselves
in terms of food-saving behavior under the influence of others who produce food waste,
causing food waste. Conversely, when students have a high level of control over the
category and portion size of their food, the effect of their food-saving intention on their
behavior will be enhanced. At the same time, as they are able to control the category and
portion size of their food, they tend to take only according to their needs, in which case
the degree of food waste due to the herd mentality influence is reduced. Summing up the
above, the following hypotheses are proposed:

H13: The standard-quantity catering mode plays a moderating role between food-saving intention
and behavior.

32



Sustainability 2024, 16, 3577

H14: The large-/small-portion-size catering mode plays a moderating role between food-saving
intention and behavior.

H15: The buffet catering mode plays a moderating role between food-saving intention and behavior.

H16: The standard-quantity catering mode plays a moderating role between herd mentality and
food-saving behavior.

H17: The large-/small-portion-size catering mode plays a moderating role between herd mentality
and food-saving behavior.

H18: The buffet catering mode plays a moderating role between herd mentality and food-saving behavior.

Moreover, Guo et al. [60] and Ma et al. [61] concluded that individual-attribute fac-
tors, such as gender, education, household registration, and economic status (comprising
monthly living expenses and average daily spending on meals), can all affect college stu-
dents’ food-saving behavior. Scholars have also pointed out that the situation of food waste
is more serious for female students than male students, as well as more serious for under-
graduate students than graduate students [62] and for students with better family economic
conditions than those with poorer family economic conditions [11]. To summarize the
above, the following hypothesis is proposed:

H19: Individual-attribute factors have significant effects on food-saving behavior.

In summary, in this study, we integrated the above three classical behavioral theoretical
models and established a hypothetical model for extending the TPB-NAM-ABC integrated
theoretical framework, as shown in Figure 1. This model can be used to examine the
mechanisms underlying the formation of college students’ food-saving behavior from two
perspectives: internal psychological factors and external environmental factors. To identify
the psychological driving mechanisms underlying the food-saving behavior of college
students, an extended TPB-NAM model was constructed. To identify the mechanisms by
which the catering modes affect college students’ food-saving behavior, the ABC model
was integrated with the extended TPB-NAM model for a more detailed explanation.

Individual Attribute Factor

Monthly
Living
Expense

Average Daily
Spending on
Meals

Household
Registration

Ascription of
responsibility

Awareness of
Consequences

Standard-Quantity
| Catering Mode

Large/Small-Portion
Sizes Catering Mode

Buffet Catering
Mode

External Environmental Factors

Figure 1. Diagram of the hypothetical model for extending the theory of planned behavior (TPB)/norm
activation model (NAM)/attitude—context-behavior (ABC) (TPB-NAM-ABC) integrated theoretical
framework. Note: The yellow boxes contain the related factors of the extended TPB; the green boxes
contain the related factors of the NAM; the blue boxes contain the external environmental factors related
to the ABC model; and the purple boxes contain the factors related to the individual attributes.
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4. Research Methodology
4.1. Questionnaire Design

To quantify the 13 selected latent variables that affect college students’ food-saving
behavior, a questionnaire was designed, drawing on mature scales from existing studies
in behavioral science fields. The questionnaire consisted of four parts: Part 1 sampled
the college students’ basic information, including their gender, education, monthly living
expenses, average daily spending on meals, household registration, and the meal most
often wasted in a day, as well as the specific causes of the food waste. Part 2 and Part 3
sampled the observations of individual psychological factors and external environmental
factors, respectively. The individual psychological factors involved the nine latent variables:
attitudes, subjective norms, perceived behavioral control, food-saving intention, herd men-
tality, health risk perception, personal norms, ascription of responsibility, and awareness of
consequences. The external environmental factors included the three latent variables: the
standard-quantity catering mode, the large-/small-portion-size catering mode, and the buf-
fet catering mode. A seven-point Likert scale, with 1, 2, 3, 4, 5, 6, and 7 denoting “strongly
oppose”, “oppose”, “comparatively oppose”, “general”, “comparatively agree”, “agree”,
and “strongly agree”, respectively, was used to measure the aforementioned variables.
Part 4 sampled the observation of the college students” food-saving behavior, wherein
pertinent measurement methods developed by scholars such as Visschers et al. [63] and
Soorani and Ahmadvand [64] were used for reference. In this regard, the college students’
food-saving behavior was observed through reverse transformation by gathering their
self-reported food waste levels after they dined in the canteens during the previous week.
The measurements were conducted using a seven-point Likert scale, with 1, 2, 3,4, 5, 6, and
7 denoting “no waste”, “0-10% waste”, “10-20% waste”, “20-30% waste”, “30-50% waste”,
“50-70% waste”, and “greater than 70% waste”, respectively. The design of the observation

question items for the latent variables and their sources are shown in Table 1.

Table 1. Design of observation question items for latent variables and their sources.

Latent Variable Obsted Definition Reference Scale
Variable
Food . FSI1 I am willing to try my best to reduce food waste in the daily dining process. Soorani and
Oir?te-ritai\gr?g FSI2 I try to eat all the food I have bought. Ahmadvand [64]
(FSI) FSI3 In the future, when I eat in the canteens, I will save food by ordering in moderation. Liao et al. [27]
FSl4 In the future, I will take the “Clean Plate Campaign” when I eat in the canteens. Viccaro et al. [58]
AT1 I think college students should save food. ssch 1
Attitude AT2 I think it makes sense for college students to save food Vlssscogrr;rclait;na[&]
(AT) AT3 1 th¥nk saving food for college students is worth popularizing. Ahmadvand [64]
AT4 I think it is immoral for college students to waste food.
Subjecti SN1 My parents and relatives approve of my food saving behavior. Stefan et al. [45]
v ]ec(slvNeS;wrms SN2 My friends and classmates around me support my food saving behavior. Van der
SN3 People who are important to me will support my food saving behavior. Werf et al. [65]
. PBC1 I think I can save food in the daily dining process.
}:I)) elfcel.vedl PBC2 It is entirely up to me to reduce food waste when eating in the canteens. Lorenz et al. [66]
ecoar:g(c))lia PBC3 I always can share the leftover food with others or pack it and eat it again. Van der
I am very confident that I will reduce food waste when eating in the canteens in Werf et al. [65]
(PBC) PBC4 the future
HM1 When eating in the canteens, I will give priority to the delicious food recommended
Herd mentality by everyone. Ding [22]
(HM) HM2 If my classmates don’t pack leftovers, I won't pack them either. J
HM3 When eating in the canteens, I try to be consistent with my classmates around me.
Health risk HRP1 I am worried that eating leftovers will be bad for my health.
ee;cet tI;)Sn HRP2 I'm worried that the leftovers packed back are unsanitary. Schmidt [53]
p (HII:P) HRP3 For the sake of health, the leftover food in college canteens should be thrown away. Visschers et al. [63]
HRP4 Food that is not fresh can jeopardize the health of college students.
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Table 1. Cont.

Latent Variable ObSFrved Definition Reference Scale
Variable
PN1 Participating in the “Clean Plate Campaign” is in line with my values.
PN2 I feel guilty when I produce food waste.
Personal norms C R
(PNs) PN3 Regardless of what anyone else does, I think it is important to minimize food waste
at meals.
PN4 I'am obligated to take part in the “Clean Plate Campaign” through moral reasoning.
Ascription of AR1 I should be responsible for global warming caused by food waste. Obuobi et al. [54]
responsibility AR2 I should be responsible for the natural resources consumed in grain production. Loh etal. [65]
(AR) AR3 I am responsible for the environmental pollution caused by food waste.
Awareness of AC1 Reducing food waste by college students can reduce environmental pollution.
consequences AC2 Reducing food waste for college students can reduce resource consumption.
(AC) AC3 Reducing food waste by college students can reduce the food crisis.
sQ1 When I eat at the standard-quantity buttery hatch, the portion size of food is
determined by the canteens staff, which is not conducive to saving food for me.
St.andard-. It is limited for me to choose the choice of food when I eat at the standard-quantity
quantity catering 5Q2 buttery hatch, which is not conducive to saving food for me. Self-developed
mode (5Q) When I eat in the canteens, it is not conducive to save food when I am limited in my
5Q3 choice of food category and the degree of control over food portion size.
LS1 Adding the large/small-portion size buttery hatch in college canteens will help me
Large-/small- to save food.
portion-size LS2 When eating at ’Fhe @arge / smf.ﬂl—portlor} size buttery hatch, I can choose the portion Self-developed
catering mode size of food, which is conducive to saving food.
(LS) 1S3 Being able to control the portion size of food to a certain extent helps me to save
food.
BF1 Adding the buffet buttery hatch in college canteens will help me to save food.
Buffet catering BE2 When I eat at the buffet buttery hat(.:h, I can pick my favorite food category and
mode control the portion size of food, which is good for me to save food. Self-developed
(BF) BF3 When I eat in a canteens, the more freedom I have to choose food categories and
decide on portion sizes, the better it is for me to save food.
FSB1 How much of the food you ordered was wasted when you ate in the canteens in the
. last week?
Food-saylng FSB2 How many staple foods have you wasted in the canteens in the last week? Stefan et al. [45]
be(}l;;‘él)o ' FSB3 How many vegetables have you wasted in dining in the canteens in the last week? Lorenz et al. [66]
FSB4 How much meat did you waste when eating in the canteens in the last week?
FSB5 How many soups have you wasted in the dining hall in the last week?

4.2. Ethical Statement

The content of this study strictly adhered to the Declaration of Helsinki, and because
this study did not involve animal or human clinical trials, we applied for an ethical review
waiver statement from the Institutional Review Board of the School of Management of
Xi’an University of Architecture and Technology prior to the start of the research activities.
During the implementation of the research activities, each participant was informed in
advance of the following five points: (1) the specific purpose of the research and the type of
questions; (2) that all their responses would be anonymous and confidential; (3) that the
results of the survey are for academic research use only and will not affect them negatively
in any way; (4) that they would each receive a pack of garbage bags as a prize upon
completion of the research; (5) that the decision as to whether or not to participate in
this research activity would be voluntary; the research questionnaire was distributed to
participants for completion after obtaining their signed informed consent. The researcher
did not identify individual participants during or after data collection because all the
participants were anonymous for this research activity. The researcher inquired about
the age of the participants before the questionnaires were distributed to ensure that each
participant was 18 years of age or older and that no minors participated in this study.
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4.3. Questionnaire Distribution and Collection
4.3.1. Questionnaire Distribution

In China, college canteen catering modes can be categorized into three types based
on the ways in which students select their food categories and food portion sizes, namely,
standard-quantity catering (fixed portion sizes), large-/small-portion-size catering (portion
sizes are optional), and self-service catering (arbitrary choices of food categories and
portion sizes). In this regard, Xi’an University of Architecture and Technology is not an
exception. In this study, we used only Xi’an University of Architecture and Technology
as an example to reveal the influence mechanisms of the college canteen catering modes
on college students’ food-saving behavior, but the results are applicable to all colleges in
China. In order to ensure the readability and comprehensibility of the questionnaire design,
the researchers first randomly selected 35 students in the target institutions to carry out the
pre-survey and, in the process of the pre-survey, recorded the questions that the participants
did not understand or found ambiguous. Their findings were then combined with the
views of the relevant experts. The questionnaire was repeatedly adjusted to form the final
version. The formal research activity was conducted from 1 March to 1 April 2023. In order
to ensure that the questionnaire distribution is representative, and the random-sampling
method was adopted to collect data by conducting offline questionnaire research at Xi’an
University of Architecture and Technology. The questionnaires were distributed in the
apartment buildings of male and female students of Xi’an University of Architecture and
Technology. The number of questionnaires distributed was 35 times the number of latent
variables, that is, 450, of which 225 were for male and 225 for female students. Our method
of questionnaire distribution simultaneously satisfies all the characteristics of the simple
random sampling method: limitation, personality-by-personality, non-returnability, and
equal likelihood. Thus, it also ensured that the questionnaire distribution in this study was
representative to an objective degree.

4.3.2. Questionnaire Collection

In order to increase the effective recovery rate of the questionnaire and enhance
the representativeness of the research data, we took the following four measures in the
process of the questionnaire distribution: (1) to avoid a loss of data due to the mistakes of
researchers, the researchers were trained before the start of the research to ensure that they
were clear about the purpose of the research and the related precautions; (2) to reduce the
loss of questionnaire numbers due to missing questions, once the participants completed
the questionnaire, the investigator checked the levels of completion and directed them
to fill in any omissions; (3) to fully motivate the participants to fill out the questionnaire
seriously, before the questionnaire research, the participants were informed that they
would receive the corresponding gift for filling out the questionnaire; (4) to avoid the
distortion of the questionnaire data due to the participants’ lack of understanding of the
questions, they could ask questions about topics they did not understand at any time
during the questionnaire completion process, and the researcher described the meaning of
the text of the questions rather than inducing responses. In this study, 450 questionnaires
were distributed to students, and, after excluding 28 invalid questionnaires, 422 valid
questionnaires were obtained. The validity rate of the questionnaires was 93.8%. Referring
to Jackson et al. [67], for the sample size requirement when obtaining research data based
on questionnaires, the sample size needs to be greater than or equal to more than 10 times
the number of latent variables in the study. There were 13 latent variables in this study;
therefore, the sample size met the requirement and could be analyzed in the next step.
The meals most often wasted in a day by the canteen-dining college students were lunch
(60.70%) and dinner (36.70%), and the reasons for the food waste were mainly unreasonable
catering modes (61.37%) and the unsatisfactory taste of the food (56.40%). Again, this
result demonstrates the necessity of exploring the mechanisms underlying the effects of
college canteen catering modes on college students’ food-saving behavior. The results of
the descriptive statistical analysis of the specific sample are shown in Table 2.
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Table 2. Descriptive statistical analysis of individual-attribute variables.

Variable Categories Frequency Percent (%) Variable Categories Frequency Percent (%)
P Male 224 53.1% Average daily <CNY 20 93 22%
Female 198 46.9% spending on CNY 21-30 189 44.8%
Undergraduate 220 52.1% meals >CNY 31 140 33.2%
Education Postgraduate 159 37.7% The meal most Breakfast 12 2.80%
Doctoral student 43 10.2 often wasted in Lunch 256 60.70%
Rural areas 223 52.8% aday Dinner 155 36.7%
Household
registration Urban areas 199 47.2% Unreasonable 259 6137%

catering modes
Unsatisfactory taste

<CNY 1000 75 17.8% y 238 56.40%

Reasons for of food
Monthly living CNY 1001-1500 110 26.1% food waste Weight loss goal 44 10.43%
expenses CNY 1501-2000 135 32% Dining time is short 42 9.95%
>CNY 2001 102 24.2% Poor sanitation 32 7.58%

and others

4.4. Data Analysis Methods

A data analysis was performed mainly using SPSS 24.0 and AMOS 24.0. SPSS 24.0
has the following objectives: (1) to conduct a descriptive statistical analysis on the re-
spondents” individual-attribute information; (2) to determine whether the respondents’
food-saving behavior differed in terms of the individual-attribute factors by performing
independent-sample t-tests and one-way ANOVA; (3) to ensure the reasonable design
and representativeness of the questionnaire and the acquisition of reliable data through
reliability testing, validity testing, and confirmatory factor analysis; and (4) to test the
validity of the hypothesis on the moderating effects of external environmental factors
through hierarchical regression analysis. AMOS 24.0 was adopted for the following tasks:
(1) the construction of a structural equation model; (2) the testing of the model fitness index;
(3) path analysis of the latent variables of each psychological factor; and (4) a bootstrap
mediating-effect test, which was mainly conducted to test the presence of a mediating
effect in the hypothetical model. The research conclusions were drawn by comprehensively
utilizing the aforementioned methods.

5. Results and Analysis
5.1. Difference Test of Individual-Attribute Factors

In this study, difference tests were conducted on the binary variables of gender
and household registration in the individual attributes of the college students using
independent-sample t-tests. Difference tests were also conducted on the multi-level vari-
ables in the individual attributes, such as education, monthly living expenses, and average
daily spending on meals, using one-way ANOVA. The test results are shown in Table 3.

The data in Table 3 show that the self-reported food-saving behavior of female students
was lower than that of male students, and that students with rural household registration
were more inclined to save food than those with urban household registration. There
was no significant difference in the self-reported food-saving behavior among the college
students in terms of education. The self-reported food-saving behavior of the college
students decreased with increasing individual monthly living expenses and average daily
spending on meals. Thus, H19 is partially valid.

Table 3. Independent-sample ¢-test results and one-way ANOVA results for individual-attribute variables.

Individual Catecories Frequenc Mean Self-Reported Standard F
Attribute 8 1 y Food-Saving Behavior Deviation P
Male 224 6.161 0.974
Gender Female 198 5.747 0.897 4512 0.000
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Table 3. Cont.

Individual Categories Frequenc Mean Self-Reported Standard r
Attribute 8 9 y Food-Saving Behavior Deviation P
Household Rural areas 223 6.068 0.849
registration Urban areas 199 5.853 1.062 2.306 0.022
Undergraduate 220 5.978 0.869
Education Postgraduate 159 5.928 1.004 0.308 0.735
Doctoral student 43 6.051 1.224
<CNY 1000 75 6.144 1.022
Monthly living CNY 1001-1500 110 6.056 1.030 4711 0.003
expenses CNY 1501-2000 135 6.021 0.783 ’ :
>CNY 2000 102 5.669 0.047
Average dail <CNY 20 93 6.159 1.019
S endingon m(}e]als CNY 21-30 189 6.002 0.842 4.397 0.013
PEREIg >CNY 31 140 5.791 0.088
5.2. Reliability and Validity Tests
The overall reliability of the sample data was tested using SPSS 24.0, and the Cron-
bach’s o coefficient (0.906) was greater than 0.8. According to Table 4, the Cronbach’s o
of each latent variable was greater than 0.8, which testified to the high reliability of the
sample data.
Table 4. Results of descriptive statistics and reliability and validity tests for each latent variable.
. Observed Standard Standardized Cronbach’s
Latent Variable Variable Mean Deviation Factor Loading @ CR. AVE
FSB1 0.785
Food-saving behavior FSB2 0.832
(FSgB ) FSB3 5.967 1.147 0.872 0.898 0.893 0.626
FSB4 0.775
FSB5 0.680
FSI1 0.809
Food-saving intention FSI2 0.791
(FSI) FSI3 6.361 1.109 0.864 0.912 0.909 0.717
FSI4 0.917
AT1 0.965
Attitude AT2 0.896
(AT) AT3 6.247 1.433 0.793 0.917 0.921 0.745
AT4 0.786
Subjective norms SN1 0936
) (SNis) SN2 6.332 1.098 0.926 0.961 0.961 0.892
SN3 0.971
PBC1 0.896
Perceived behavioral control PBC2 0.768
(PBC) PBC3 5.000 1.412 0.690 0.880 0.885 0.660
PBC4 0.878
HM1 0.819
li
Herd(g‘lf/‘[‘)ta ity HM?2 4543 1816 0.856 0.862 0863 0678
HM3 0.795
HRP1 0.771
Health risk perception HRP2 0.739
(HRP) HRP3 4.845 1.445 0.800 0.872 0.872 0.631
HRP4 0.862
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Table 4. Cont.

. Observed Standard Standardized Cronbach’s
Latent Variable Variable Mean Deviation Factor Loading 1o CR. AVE
PN1 0.817
Perso(rll?\l];"rms N 6.068 1.260 i 0.901 0902 0697
PN4 0.902
. s AR1 0.920
Ascription ‘(’irlf; ponsibility AR2 5.167 1512 0.872 0.882 0886 0723
AR3 0.750
Awareness of consequences ACl 0845
(AC) AC2 5.620 1.536 0.918 0.915 0914 0.780
AC3 0.885
. . SQ1 0.901
Standari'gfen(gg)catermg 5Q2 2611 1.544 0.904 0.880 0904 0758
SQ3 0.804
Large-/small-portion-size LS1 0.885
catering mode (LS) L2 5.573 1.313 0.894 0.894 0905 0760
LS3 0.835
. BF1 0.802
Buffet Ca(tgg)ng mode BF2 6.108 1121 0.837 0.837 0865  0.682
BF3 0.838
A cConfirmatory factor analysis was performed using AMOS 24.0. Table 4 displays the
test results. As shown in Table 4, the standardized-factor-loading value of each observed
variable exceeded the recommended cutoff of 0.5. The CR value of each latent variable was
greater than the recommended cutoff of 0.7. The average-variance-extracted (AVE) value of
each latent variable was also greater than the recommended threshold of 0.5. Therefore, all
the latent variables involved in this study had good convergent validity. Table 5 shows that
the correlation coefficients between the latent variables (the values below the diagonal cells)
were all smaller than the specified upper limits (i.e., the square roots of the corresponding
AVE values, formatted in bold in the diagonal columns). In this study, the values formatted
in bold in the diagonal cells were significantly greater than all the values below the columns
in which they were located. Therefore, the discriminant validity was good for all the latent
variables involved in this study. By combining Tables 4 and 5, it can be concluded that the
questionnaire designed for this study has high validity and reliability.
Table 5. Latent variable correlation coefficients and square roots of average variances extracted.
Latenf = g5 FSI AT SN PBC HM HRP PN AR AC  SQ LS  BF
Variable
FSB 0.791
FSI 0.465 0.847
AT 0.370 0.682 0.863
SN 0320 0729 0594 0944
PBC 0.379 0.587  0.568 0.518 0.812
HM -0.184 -0.179 -0.176 —0.132 —-0.152 0.824
HRP —0.068 —0.042 —0.066 0.065 0.043 0.158  0.794
PN 0.391 0.737  0.555 0.665 0560 —0.151 0.024 0.835
AR 0.161 0414  0.287  0.423 0370  —0.042 0.090 0.523 0.850
AC 0.152 0.421 0.337  0.423 0.427  —0.094 0.103 0.608 0.547  0.883
SQ —-0.093 -0.011 0.049 -0.068 —0.003 0.049 —-0.023 -—-0.046 —-0.084 -0.071 0.871
LS 0.198 0.189 0.202 0.204 0.164 0.037 —0.163 0.263 0.146 0208 —0.352 0.872
BF 0299 018  0.118 0227 0146 —0.085 —0.056 0.236 0.156  0.191 —0.409 0478  0.826

Note: The values formatted in bold represent the square roots of the AVE values.
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5.3. Tests of Fitness and Validity of Structural Equation Modeling
5.3.1. Tests of Fitness and Validity of Structural Equation Modeling

The model’s fitness reflects the degree of consistency between the hypothetical the-
oretical model and the actual situation; that is, it reflects the correctness of the proposed
hypothetical structural equation model. The fitting results of the fitness index of the ex-
tended TPB-NAM model are shown in Table 6. The RMSEA value of the model was 0.040,
which is lower than the recommended threshold of 0.08. The X?/df value was 1.689, which
is lower than the recommended threshold of 3. The GFI value was 0.888, the NFI value was
0.923, the IFI value was 0.967, the TLI value was 0.963, the CFI value was 0.967, and the
AGFI value was 0.869. All these values were greater than the recommended threshold of
0.8; the closer the fitting value to 1, the better the fitness of the model. To sum up the above
analysis, the fitting values of the various indices of the structural equation model (i.e., the
extended TPB-NAM model) established in this study all met the relevant requirements,
indicating the satisfactory fitting results of the model.

Table 6. College student food-saving behavior SEM fitting index..

Index X2/df p RMSEA NFI CFI GFI TLI IFI AGFI
Recommended threshold <3 <0.5 <0.08 >0.8 >0.8 >0.8 >0.8 >0.8 >0.8
Fitness index value 1.689 0.000 0.040 0.923 0.967 0.888 0.963 0.967 0.869

5.3.2. Comparison of the Extended TPB-NAM Model with Existing Related
Research Models

By building an extended TPB-NAM model based on prior studies, we examined the
psychological driving mechanisms underlying college students’ food-saving behaviors.
The extended TPB-NAM model was compared with other related models to test its validity.
Specifically, the comparison focused on the model explanation rate (the squared multiple
correlation) of each model for the two latent variables of food-saving intention and food-
saving behavior. The comparison results are displayed in Table 7. As shown in Table 7,
the explanation rates of the extended TPB-NAM model on food-saving intention and food-
saving behavior were 79.8% and 28.8%, respectively, which are both higher than those of
the existing models. This shows that the extended TPB-NAM model was superior to the
models in the existing studies, which confirmed its validity.

Table 7. Explanation rates of food-saving intention and food-saving behavior in different models.

Model TPB NAM Extended TPB TPB-NAM Extended TPB-NAM
FSI (SMC) 0.739 0.647 0.750 0.789 0.798
FSI (SMC) 0.269 0.263 0.280 0.269 0.288

5.4. Results of Effect Paths of Psychological Factors

Table 8 presents the empirical test results of the effect paths between the latent variables
for psychological factors in the extended TPB-NAM-ABC model. As shown in Table 8, in
the extended TPB model, the effects of both attitudes and subjective norms on the food-
saving intention were significant at the statistical level of 0.1%. The effect of perceived
behavioral control on the food-saving intention was significant at the statistical level of
5%, and that of the health risk perception was also significant at the statistical level of 1%.
These results indicate that the students’ food-saving intentions were significantly affected
by their intuitive evaluation of food-saving behavior, their perception of the social pressure
related to saving food, their perception of the ease or difficulty associated with performing
food-saving behavior, and their perception of the health threats emanating from stale food
and edible leftovers. Thus, H1, H2, H3, and H7 are all valid. The effects of food-saving
intention and herd mentality on food-saving behavior are significant at the statistical levels
of 0.1% and 5%, respectively. This result shows that the students’ food-saving behavior
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was directly affected by their individual behavioral intentions toward food saving and by
the food waste behavior of the classmates around them. Thus, H4 and H6 are valid. The
effect of herd mentality on the food-saving intention was non-significant, but it exerted a
significant negative impact on the food-saving behavior. This clarifies that even students
with strong food-saving intentions might waste food under the influence of classmates,
friends, and the luxurious and wasteful environment around them [22]. Thus, H5 is invalid.

Table 8. Results of effect paths of psychological factors in SEM.

Hypothesis Path Standardized Coefficient S.E. C.R. p Result
H1 AT — FSI 0.303 0.039 6.714 i Valid
H2 SN — FSI 0.273 0.047 5.888 i Valid
H3 PBC — FSI 0.094 0.04 2.168 0.03 Valid
H4 FSI — FSB 0.489 0.042 9.521 i Valid
H5 HM — FsI —0.007 0.022 —0.239 0.811 Invalid
He HM — FSB —0.129 0.03 —2.519 0.012 Valid
H7 HRP — FSI —0.089 0.024 —2.95 0.003 Valid
H8 PN — FSI 0.374 0.054 7.87 ok Valid
H9 AR — PN 0.135 0.038 2.862 0.004 Valid
H10 AC — PN 0.371 0.033 7.457 b Valid
Hi1 AC — AR 0.608 0.044 11.347 b Valid
H13 SN — PN 0.493 0.038 11.392 i Valid

Note: **p < 0.001.

In the NAM, the effect of personal norms on the food-saving intention, the effect
of the awareness of consequences on personal norms, and the effect of the awareness of
consequences on the ascription of responsibility were all significant at the statistical level of
0.1%. The effect of the ascription of responsibility on personal norms was significant at the
statistical level of 1%. Thus, H8, H9, H10, and H11 are all valid. The above results validated
the chain mediation between awareness of consequences, ascription of responsibility, and
personal norms on the one hand and individual behavioral intention on the other [57]. That
is, college students with a higher awareness of consequences are more likely to perceive the
negative impacts of massive food waste (such as resource consumption and environmental
pollution) at a psychological level [68]. This enables them to realize that saving food helps
reduce the consumption of resources and energy and eases environmental crises. They
internalize food saving as a sense of responsibility, thereby activating personal norms to
enhance their food-saving intentions.

In addition, in the extended TPB-NAM model, the effects of subjective norms on
personal norms also passed the significance test at the statistical level of 0.1%. This result
suggests that individuals under higher pressure from parents, society, and schools in terms
of food-saving behavior could better strengthen their sense of moral obligation toward
saving food [69], thereby enhancing their food-saving intentions. Thus, H12 is valid.

The extended TPB-NAM-ABC model developed in this study includes a partial me-
diation model in its framework. The presence of the above mediating effects was tested
using the bootstrap method. According to this method, the first step is to judge whether
the total effect is significant (when the 95% bootstrap CI does not include 0, it is significant;
otherwise, it is non-significant). When the total effect is significant, the next step is to
determine whether the direct effect is also significant. When the direct effect is significant,
there is a partial mediating effect; when the direct effect is non-significant, there is a full
mediating effect. Otherwise, no mediating effect exists. According to the results of the
mediating-effect tests presented in Table 9, ascription of responsibility (AR) played a partial
mediating role in the “AC — PN” path, accounting for 18.10% of the total effect. Personal
norms (PN) played a partial mediating role in the “SN — FSI” path, accounting for 40.26%
of the total effect.
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Table 9. Results of the mediating-effect test for ascription of responsibility (AR) and personal norms (PN).

Bias-Corrected 95% CI

Intermediary Index Effect Boot Proportion in
Path Value SE Lower Upper Total Effect (%)
Total effect  0.453 0.063 0.336 0.581
Direct o
AC AR PN effoct 0.371 0.067 0.244 0.508 81.90%
Indirect 0082  0.030 0.025 0.145 18.10%
effect
Total effect 0.457 0.067 0.324 0.584
Direct
0.273 0.076 0.131 0.425 59.74%
SN—PN—FSI effect
Indirect 0184  0.054 0.097 0.308 40.26%
effect

5.5. Moderating Effects of Three Catering Modes

In this study, a hierarchical regression analysis was performed to validate the mod-
erating effects of the three catering modes in the extended TPB-NAM-ABC model. The
specific test steps were as follows: Step 1: The construction of Model 1. In this step, a
regression analysis was performed on both the independent variable and the dependent
variable. This step constitutes the establishment of the moderating effects, wherein the key
lies in ensuring that the regression coefficient of the independent variable on the dependent
variable is significant. Step 2: The construction of Model 2. A regression analysis of the
dependent variable was performed based on Model 1 by adding a moderator variable.
This step helps to ascertain whether the moderator variable is an influence factor on the
dependent variable. Step 3: The construction of Model 3. Based on Model 2, the interaction
term between the independent variable and the moderator variable is added to perform re-
gression analysis on the dependent variable. When the regression results are significant, the
moderator variable plays a moderating role in the effect path of the independent variable
on the dependent variable. The test results are shown in Tables 10 and 11.

According to Table 10, the results of Model 1 indicate that food-saving intention had a
significant positive promoting effect on food-saving behavior. The results of Model 2 show
that the standard-quantity catering mode had a significant negative inhibitory effect on
food-saving behavior. That is, most students believed that the standard-quantity catering
mode, which awards them with a low level of autonomy over the category and portion size
of their food, hinders their performance of food-saving behavior. The results of Model 3
clarified that the standard-quantity catering mode played a negative moderating role in the
“FSI — FSB” path (3 = —0.122; p < 0.001). That is, the more that canteen buttery hatches
use the standard-quantity catering mode, the more difficult it is for students to transform
their food-saving intentions into food-saving behavior. Thus, H13 is valid.

Table 10. Moderating-effect tests for three catering modes in the “FSI — FSB” path.

Variable Model 1 Model 2 Model 3 Model 2/ Model 3’ Model 2" Model 3"
FSI 0.454 *** 0.453 *** 0.449 *** 0.433 *** 0.469 *** 0.414 *** 0.445 ***
SQ —0.061 * —0.036
LS 0.092 ** 0.078 *

BE 0.217 *** 0.212 ***

FSI * SQ —0.122 ***

FSI* LS 0.089 *

FSI * BF 0.105 ***
R? 0.217 0.224 0.251 0.229 0.237 0.263 0.275

Adjusted R? 0.215 0.221 0.245 0.225 0.231 0.260 0.270
F value 116.172 *** 60.598 *** 46.608 *** 62.282 *** 43.246 *** 74.833 *** 52.876 ***

Note: * p < 0.05; ** p < 0.01; *** p < 0.001.
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The results of Models 2" and 2" in Table 10 indicate that both the large-/small-portion-
size catering mode and the buffet catering mode had significant promoting effects on the
students’ food-saving behavior. That is, most students believed that a certain level of
autonomy over the category and portion size of their food facilitates their food-saving
behavior performance. The results of Models 3" and 3" show that the large-/small-portion-
size catering mode and the buffet catering mode both had positive moderating effects in the
“FSI — FSB” path (3 = 0.089, p = 0.041 < 0.05; and 3 = 0.105, p < 0.001). That is, increasing
large-/small-portion-size and buffet buttery hatches in the canteens would make it easier
for students to transform their food-saving intentions into actual food-saving behavior.
Thus, H14 and H15 are valid.

Table 11. Moderating-effect tests on three catering modes in the “HM — FSB” path.

Variable Model 1 Model 2 Model 3 Model 2/ Model 3’ Model 2 Model 3”
HM —0.113 *** —0.111 *** —0.116 *** —0.118 *** —0.122 —0.098 *** —0.108 ***
SQ —0.058 —0.060
LS 0.165 *** 0.173 ***

BF 0.281 *** 0.282 ***

HM *SQ —0.039 *

HM * LS 0.057 *

HM * BF 0.068 *
R? 0.034 0.041 0.050 0.076 0.089 0.115 0.128

Adjusted R? 0.032 0.036 0.044 0.071 0.082 0.110 0.122
F value 14.745 *** 8.945 *** 7.383 *** 17.177 *** 13.554 *** 27.105 *** 20.422 ***
Note: * p < 0.05; *** p < 0.001.
To better understand the moderating effects of the three existing canteen catering
modes in the “FSI — FSB” path, the simple-slope analysis proposed by Robinson et al. [70]
was used. The different types of catering modes were divided into two levels (high and low)
according to their proportions in the total number of buttery hatches in college canteens,
and the food-saving intention psychological factors were also divided into high and low
levels. Detailed graphs were drawn, as shown in Figure 2. Figure 2a shows that the
higher the proportion of standard-quantity buttery hatches in the total number of buttery
hatches in college canteens, the more difficult it is for college students to transform their
food-saving intentions into actual food-saving behavior. Figure 2b,c show that the higher
the proportions of large-/small-portion-size and buffet buttery hatches, the easier it is for
college students to transform their food-saving intentions into actual food-saving behavior.

1.0 1.0 1.0

0.8 4 0.8 0.8 .

0.6 - 0.6 .2 0.6 4

0.4 4 //. 0.4 //"/’- 0.4 1

0.2 i 0.2 45 0.2

2 004 /,/,—-4/ g 004 /,///// %0,0- /,"/ ///.
N o o
-0.6 4 ./ —— -0.6 4 r/ e 1 e -0.6 4 ./
08 - o- High-5Q 0.8 - o- HighL$ 038 Lo -trn-r

1o Low—FSI High—FSI o Low—FSI High—FSI o Low—FSI High—FSI

(a) (b) (c)

Figure 2. (a) Moderating effect of SQ on “FSI — FSB” path; (b) moderating effect of LS on “FSI — FSB”

path; (c) moderating effect of BF on “FSI — FSB” path.
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The results of Model 1 in Table 11 indicate that herd mentality had a significant
negative impact on food-saving behavior. The results of Model 3 show that the standard-
quantity catering mode had a significant promoting moderating effect in the path of the
negative impact of herd mentality on food-saving behavior (8 = —0.039, p = 0.043 < 0.05).
That is, the more canteens offering standard-quantity buttery hatches, the higher the degree
of food waste because of the influence of herd mentality. Thus, H16 is valid. The results of
Models 3’ and 3” in Table 11 clarify that both the large-/small-portion-size catering mode
and the buffet catering mode had significant inhibitory moderating effects in the path of
the negative impact of herd mentality on food-saving behavior (3 = 0.057, p = 0.016 < 0.05;
3 =0.068, p = 0.012 < 0.05). That is, the higher the proportions of large-/small-portion-size
and buffet buttery hatches, the weaker the negative impact of the students” herd mentality
on their food-saving behavior. Thus, H17 and H18 are valid. To better understand the
moderating effects of the three existing canteen catering modes in the “HM — FSB” path,
we drew more detailed graphs in this study, which are presented in Figure 3.
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Figure 3. (a) Moderating effect of SQ on “HM — FSB” path; (b) moderating effect of LS on
“HM — FSB” path; (c) moderating effect of BF on “HM — FSB” path.

According to Figure 3a, the higher the proportion of standard-quantity buttery hatches
in the total number of buttery hatches in college canteens, the more susceptible college
students are to imitating the food waste behavior of the other classmates around them,
and the more serious their food waste behavior. By contrast, according to Figure 3b,c,
the higher the proportions of large-/small-portion-size and buffet buttery hatches, the
easier it is for college students to overcome the herd mentality and enhance their own
food-saving behavior.

To compare the moderating effects of the large-/small-portion-size catering mode and
the buffet catering mode, first, the frequencies of the latent variable sample scores of the
three catering modes were counted, as shown in Figure 4a. Students generally gave high
scores for the large-/small-portion-size catering mode and buffet catering mode. In other
words, they generally believed that the buffet catering mode and large-/small-portion-size
catering mode facilitate their food-saving behavior. Secondly, the matched-sample t-test
was conducted on the averages of the latent variable samples of the three catering modes,
as shown in Figure 4b. The results showed that the mean score of the buffet catering mode
was significantly higher than that of the large-/small-portion-size catering mode. Therefore,
the buffet catering mode had a more significant moderating effect than the large-/small-
portion-size catering mode in both the “FSI — FSB” path and the “HM — FSB” path.
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Figure 4. (a) Frequency statistics of latent variable scores of three catering modes; (b) latent variable-
mean paired-sample t-test for three catering modes. Note: For (a), a latent variable score > N but
<N+1(N=1,2,...6)is counted as N + 1. To be specific, the score of a latent variable is calculated
via the average score of the observed variables. For (b), *** p < 0.001.

6. Discussion
6.1. Differences in College Students” Food-Saving Behavior in Terms of Individual-Attribute Factors

The difference test results showed that while there was no significant difference in
the college students’ food-saving behavior in terms of their education levels, significant
differences were found in terms of gender, household registration, monthly living expenses,
and average daily spending on meals. The food-saving behavior of male students was
more pronounced than that of female students, which is consistent with the findings of
Painter et al. [71]. This is because the standard-quantity catering mode is the dominant
catering mode in college canteens, which means that both male and female students are
often given roughly the same portion sizes of food. In this case, female students are
more likely to waste food than male students because male students generally have larger
appetites [72]. Students with rural household registration have more pronounced food-
saving behavior than those with urban household registration, which is consistent with the
findings of Guo et al. [60]. The reason for this result is that students with rural household
registration have farming experience and have witnessed the hard work that farmers put
into grain production, which is why they are more inclined to save food while dining in
the canteens. College students’ food-saving behavior declines as their economic statuses
(comprising monthly living expenses and average daily spending on meals) increase, which
is consistent with the findings of Xu et al. [7] on household food waste behavior and those
of Hafiz et al. [73] on reducing food waste behavior among college students (i.e., when
consumers have a higher monthly income or college students have sufficient monthly
living expenses, they tend to spend more on food purchases, which, in turn, leads to
a lot of food waste). The finding that there was no significant difference in the college
students’ food-saving behavior in terms of education is inconsistent with the findings of
Wu et al. [62]. A possible explanation is that there is no significant age difference among
college students, and that the students in this age bracket have not witnessed periods of
extreme food scarcity [74]. As a result, the differential effect of education on the college
students’ food-saving behavior was non-significant. In summary, college administrators
should develop targeted guidance strategies for various student groups to reduce food
waste in the canteens.

6.2. Psychological Driving Mechanisms Underlying College Students” Food-Saving Behavior

According to the results of a comparison of different structural equation models in
terms of the explanation rates for food-saving intention and food-saving behavior, the
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extended TPB-NAM model has better explanatory power for the psychological driving
mechanisms underlying college students’ food-saving behavior. The following can be
distilled from the SEM results:

First, of the two direct drivers of food-saving behavior, food-saving intention had a
more significant effect on food-saving behavior among the college students (3 = 0.489)
than herd mentality (3 = —0.129). This result is similar to the findings of existing studies
in that it is feasible to predict an individual’s food-saving behavior based on their food-
saving intention. For example, a study on household food waste noted that food-saving
intention is an antecedent of food-saving behavior [65]. This study also proved that in
addition to food-saving intention, the herd mentality also has a direct impact on the food-
saving behavior of college students, and the results of this study are consistent with the
findings of Hafiz et al. [73]; that is, in the interview process, college students said that they
desire to be recognized by society, and that they desire to be included in the surrounding
group rather than excluded, and, under this pressure, they behave in the same way as the
surrounding group; however, existing studies in colleges and universities only found a
direct relationship between food-saving intention and behavior [19,21,64]. To summarize
the aforementioned analysis, in situations in which it is difficult to directly observe college
students’ food-saving behavior, their food-saving intentions can be observed as a substitute.

Second, of the five latent variables that are directly associated with the food-saving
intention of college students, personal norms (3 = 0.374) had the most significant effect, fol-
lowed in descending order by attitudes (3 = 0.303), subjective norms (3 = 0.273), perceived
behavioral control (3 = 0.094), and perceived health risks (3 = —0.089). The above findings
do not contradict the results of the existing studies on pro-environmental behaviors, such
as college students’ food-saving behavior. Wang et al. [21], in a study devoted to college
students reduction food waste behaviors, also noted that attitudes, subjective norms, and
perceived behavioral control can significantly influence college students’ food-saving inten-
tions. Elliott et al. [75] also pointed out that the more positive attitudes that students have
toward food-saving behavior, the greater their willingness to reduce food waste; in contrast,
negative attitudes are a deterrent to food-saving intentions. The finding that subjective
norms are related to college students’ food-saving intentions is consistent with the findings
of Wu et al. [62]. Thus, if students perceive higher food-saving expectations from people
who are important to them, they will be more inclined to save food. Perceived behavioral
control refers to students” perceptions of the level of difficulty or ease with which they
implement food-saving behaviors in a particular setting, based on the food skills, resources,
and knowledge they possess, which, in turn, influences their food-saving intentions. This
finding is in agreement with the findings of Truman et al. [76]. That is, if students have
fewer relevant food skills, resources, and knowledge, they will judge that the implementa-
tion of reduced food waste behaviors in that particular context will be hindered, and thus
the food-saving behavior will be lower. Health risk perception negatively influences college
students’ food-saving intentions. This finding is consistent with the findings of Williams
et al. [77] on the influencing factors of food waste in households. Therefore, the higher
the health threat of stale food and leftover re-edible meals, the more likely students are
to produce food waste. In addition, a study on energy-saving behavior in college student
dormitories found that personal norms had the most substantial impact on the students’
energy-saving intentions [78]. This conclusion demonstrates that the pro-environmental
intentions of highly educated people can be more easily stimulated by elevating their moral
levels rather than making them rationally cognizant of such behavior, thereby encouraging
their pro-environmental behavior.

Third, the chain mediation model connecting the intention to behave, personal norms,
ascription of responsibility, and awareness of consequences was verified. This finding is
consistent with the findings of the existing studies. For example, a study that analyzed
household food waste behavior from a moral perspective noted that a household’s aware-
ness of the consequences of food waste behavior has a positive effect on its ascription of
responsibility, that they both positively affect personal norms, and that personal norms can
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positively affect the food-saving intentions of the household [54]. This study also validates
the research conclusions of Viccaro et al. [68] and Wu et al. [69], namely, that personal norms
mediate the relationship between subjective norms and the intention to behave. The above
findings suggest that two measures can be taken by college administrators to enhance
students’ ethical norms regarding pro-environmental behaviors: (1) the implementation of
pertinent ethical education activities; and (2) cooperation with students’ families to compel
the pro-environment behavior of college students from both inside and outside the campus.

6.3. Moderating Effects of Catering Modes on College Students” Food-Saving Behavior

According to the statistics of the sample data, the latent variables for the food-saving
intention had a mean value of 6.361, suggesting that college students are highly willing to
save food. However, only 30.33% of the 422 questionnaire samples lived up to the criteria
of the “empty plate” campaign in the week preceding the survey, suggesting that there is
still a substantial gap between college students’ food-saving intentions and their actual
behavior. These findings also indicate that students regard unreasonable catering modes in
college canteens as the primary cause of food waste, which means that finding a reasonable
catering mode may help to narrow this gap.

The results of the moderating-effect test in this study showed that the standard-
quantity catering mode had a significant inhibitory moderating effect in the pathway
of food-saving intention and food-saving behavior, but it had a significant promoting
moderating effect in the pathway of the negative influence of herd mentality on food-
saving behavior. This result suggests that the standard-quantity catering mode is not
conducive to students’ implementation of food-saving behavior, which is consistent with
the findings of Fan et al. [38] and Hafiz et al. [73]. That is, if students eat a fixed amount of
food every day, it will cause them to produce more food waste. One possible explanation
for this result is that the standard-quantity catering mode offers a comparatively fixed
portion size to college students while ignoring their varying and unstable appetite levels.
As a result, the implementation of food-saving behavior is hindered [38].

The moderating effect test results also showed that both the large-/small-portion-size
catering mode and the buffet catering mode had significant promoting moderating effects
in the path of food-saving intention and food-saving behavior, while they had a significant
inhibitory moderating effect in the path of the negative impact of herd mentality on food-
saving behavior. This suggests that the large-/small-portion-size catering mode and the
buffet catering mode are both conducive to the implementation of food-saving behavior
among students. As stated by Elliott and Truman [79], external environmental factors
such as food portion sizes, food choices, and individual food preferences are important
factors that hinder students’ food-saving behaviors, and if students are provided with
larger-portion-size food or food categories that do not meet their dietary preferences during
canteen meals, their food-saving behaviors are hindered, which results in the creation
of food waste. Conversely, if students are provided with food portion sizes and food
types that match their food needs, the greater the likelihood that they will implement
reduced food waste behaviors while eating in the canteens. This result justifies the strategic
recommendations given in related studies that advocate for the introduction of half-portion-
size food, small-portion-size food, and other catering modes in college canteens [37,38].
Based on the results of this study, it can be seen that when college students are in an
environment that makes saving food easy (i.e., when the portion size and category of food
can be controlled by individuals to a certain extent), they tend to order food according to
their dietary preferences and appetite demands. Such an environment not only promotes
the transformation of positive food-saving intentions into actual behavior but also alleviates
the situation of food waste caused by the influence of herd mentality.

In summary, in this study, we confirmed that college canteen managers should adjust
most of the existing standard-quantity buttery hatches in college canteens into large-
/small-portion-size and buffet buttery hatches. This will provide a convenient external
environment that encourages food-saving behavior in college students, which will help
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them to transform their knowledge of food saving into actual behaviors, thereby narrowing
the gap between food-saving intention and actual food-saving behavior.

7. Conclusions and Suggestions
7.1. Conclusions

Reducing food waste in college students’ catering activities and guiding them to-
ward the implementation of food-saving behavior contribute to the achievement of the
Sustainable Development Goals (SDGs) proposed by the United Nations World Summit
on Sustainable Development, and in particular to the achievement of SDG 12.3, “Reduce
food waste at the consumption stage”. In this study, relying on data from 422 valid ques-
tionnaires retrieved from a survey administered at Xi’an University of Architecture and
Technology, China, we built an extended TPB-NAM-ABC theoretical framework model.
Using this model as a basis, we explored the mechanisms underlying the effects of external
environmental factors (i.e., catering modes) on college students’ food-saving behavior. This
exploration was based on a comprehensive consideration of both internal and external
factors using SEM and hierarchical regression analysis. The main conclusions of this study
are as follows:

(1) The food-saving degree is higher in male students than in female students, higher
in students of rural household registration than in those of urban household registration,
and higher in students with better economic status (comprising monthly living expenses
and average daily spending on meals).

(2) Food-saving intention and herd mentality are major drivers of college students’
food-saving behavior. Personal norms, attitudes, subjective norms, perceived behavior
control, and health risk perception are the influencing factors of food-saving intention,
among which, personal norms have the greatest effect. Personal norms can be activated
either directly through the awareness of consequences or indirectly through the ascription
of responsibility, thereby affecting the food-saving intention. Moreover, subjective norms
can also activate personal norms.

(3) The standard-quantity catering mode has an inhibitory moderating effect in the
transformation of food-saving intention into actual food-saving behavior, but it has a
promoting moderating effect in the path through which herd mentality negatively impacts
food-saving behavior. Both the large-/small-portion-size catering mode and buffet catering
mode have promoting moderating effects in the transformation of food-saving intention
into actual food-saving behavior, but they have an inhibitory moderating effect on the
path through which herd mentality negatively impacts food-saving behavior. Notably,
the moderating effects of the buffet catering mode are more significant than those of the
large-/small-portion-size catering mode.

7.2. Suggestions

Sustainable food systems play a crucial role in achieving sustainable development,
particularly in eradicating hunger, ensuring food security, and promoting sustainable
agricultural development. The key to creating a culture of sustainability and frugality on
campus is to urge college students to take responsibility for themselves, others, society, and
the environment. Based on the conclusions of this study, the following two suggestions
are provided:

Firstly, food waste should be reduced from the perspective of the individual student.
Food-saving education and publicity activities should be organized to raise students’
awareness of saving food. Positive ethical norms and attitudes regarding food saving can
be fostered in students by actively developing food-saving educational activities in colleges
and universities (e.g., food-saving lectures, class meetings, and knowledge contests). To
increase students” awareness of the detrimental effects of food wastage and encourage
them to take actions to avoid it, colleges and universities should also post the total amount
of food and resources wasted over the course of the previous week or month on the
display screens in their canteens. In addition, as college students must strictly adhere
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to teaching and training programs, colleges and universities may also consider making
environmental courses or environmental practices a mandatory part of their education,
which is conducive to raising students” awareness of environmental issues and boosting
their food-saving behavior.

Secondly, food waste should be reduced from the perspective of the food supply side.
Efforts should be made to meet the diverse food-saving needs of individual students and
to optimize the catering modes in college canteens. College canteens should adjust the
existing catering modes by increasing the number of large-/small-portion-size and buffet
buttery hatches, thereby ensuring that students with different individual attributes can
select the most suitable catering mode according to their dining habits. These measures
can help transform students’ food-saving intentions into actual food-saving behavior.

7.3. Limitations and Future Research

In this study, we examined the mechanisms underlying the effects of catering mode on
college students’ food-saving behavior in conjunction with the related internal psychologi-
cal driving mechanisms. Valuable conclusions were obtained. However, certain limitations
persist, which open avenues for future research. First, in this study, when exploring the in-
fluencing mechanism of the catering mode on the food-saving behavior of college students,
the types of college canteen catering modes were classified based on the students’ methods
of selecting their categories and portion sizes of food, and the conclusions of this study
will not be applicable if the basis of the catering-mode classification is different (e.g., food
prices, cooking methods, etc.). In the future, scholars can try to consider the type of catering
mode according to different classification criteria and conduct research with the help of
this study’s methodology so as to enhance the generalizability of the results of this study to
college students in China and other Asian countries or to other consumer groups in society.
Second, in this study, the college students’ food-saving behavior was measured using self-
reported behavior rather than actual experiments, which may not reflect reality, as there
is generally a gap between self-reported behavior and actual behavior. In future related
research, the food-saving behavior of research subjects can be observed more accurately
through field measurement experiments, which will also help to improve the accuracy of
the results. Third, the focus of this study was on exploring the influence of different types
of catering modes in college canteens on the process of transforming students’ food-saving
awareness into actual behaviors. Therefore, the psychological driving mechanisms of the
food-saving behaviors of college students were not sufficiently considered. However, some
studies have pointed out that the religiosity and family upbringing of individuals and
their (grand)parents are important factors in the formation of college students” food-saving
intentions. Therefore, in the future, researchers should consider exploring the mechanisms
of their influences on food-saving intentions from the perspectives of the religiosity and
family upbringing of individuals and their (grand)parents in order to fill in the gaps in the
existing literature.
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Abstract: Sustainable consumption is crucial for mitigating global sustainability challenges. Un-
derstanding consumer behaviors and motivations, particularly in developing regions, is essential
for designing effective interventions. This study pioneers an innovative methodology integrating
participatory visual methods (photovoice) and artificial intelligence analysis to investigate food waste
perceptions in an emerging economy context. Twenty-six university students participated in the study,
documenting their lived experiences and perspectives on household food waste through photographs
and narratives. The key results included 32% of participants expressing shock at the extent of food
waste in their daily lives, while 28% showed relative indifference. Al-powered (Artificial Intelligence)
computer vision and natural language processing were used to efficiently analyze the large visual and
textual dataset. The mixed methods approach generated nuanced, situated insights into consumer
attitudes, behaviors, and socio-cultural drivers of wastage. The key themes included low waste
consciousness, aesthetic and convenience motivations, social norms, and infrastructural limitations.
The participatory process proved effective for raising critical consciousness and uncovering consump-
tion practice dynamics. Al analysis enabled rapid knowledge discovery from the qualitative data
while mitigating researcher bias. This innovative integration of participatory methodologies and
computational analytics advances sustainable consumption research by empowering marginalized
voices and generating contextual insights from unstructured data. With further development, such
human-centered AI approaches can transform the study and governance of sustainable consumption.

Keywords: photovoice; artificial intelligence; food waste; sustainability; participatory research

1. Introduction

Sustainable consumption has emerged as a critical frontier for addressing global sus-
tainability challenges. From climate change to biodiversity loss, the impacts of human
consumption threaten planetary boundaries and social foundations [1,2]. Transitioning to
sustainable consumption and production forms a core target of the United Nations Sustain-
able Development Goals. However, progress remains slow, with global material footprints
continuing to rise [3]. Behavior change is crucial for driving sustainable transformations,
yet consumption practices remain tied to complex social, cultural, institutional, and ma-
terial factors [4]. Designing effective interventions requires a nuanced understanding of
consumption drivers beyond individual choices [5].

Food consumption and wastage form a major sustainability hotspot. One-third of
all food produced globally is lost or wasted, with significant environmental, social, and
economic repercussions [6]. In developing regions, changing diets, supermarketization, and
increasing affluence are altering food practices [7-10]. Much waste occurs at the household
level, driven by consumer behaviors [5,11,12]. However, research on consumer food
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waste perceptions and practices in emerging economies remains limited [8,13,14]. Existing
studies rely largely on surveys and macro-level data, overlooking lived experiences [15].
Contextual factors like culture, infrastructure, and social norms remain under-examined.
Addressing these research gaps is crucial for tailoring food waste reduction strategies to
local realities [16-18].

This study proposes an innovative methodology integrating participatory visual meth-
ods and artificial intelligence (Al) analysis to investigate contextualized food consumption
and waste behaviors. It employs a photovoice approach, engaging consumers as citizen
scientists to document their perspectives through photography and narratives [19]. The
qualitative insights generated are rapidly analyzed using Al techniques like computer
vision and natural language processing (NLP). This mixed methods approach aims to
efficiently uncover nuanced, situated understandings of consumption practices and drivers.
This study focuses on household food wastage among urban youth in India, a key demo-
graphic in a transitioning and emerging economy. It explores the potential of participatory
methodologies and Al analysis for advancing sustainable consumption research.

This paper first reviews the literature on sustainable consumption, consumer food
waste, and participatory visual methods [4,17,20]. It then outlines the photovoice method-
ology employed, with students documenting food waste in their socio-cultural contexts.
The Al-powered analytical workflow combining computer vision and NLP is detailed.
Key findings are presented, highlighting themes of waste (in)visibility, social drivers, con-
venience orientation, and food system limitations. Sentiment analysis reveals complex
emotions around wastage. Theoretical and practical implications are discussed, along with
methodological reflections on participatory Al approaches for sustainability research. This
paper concludes with recommendations for policymakers and future research directions.

This study makes several contributions. Firstly, it addresses research gaps on con-
sumer food waste perceptions and behaviors in emerging economy contexts [14]. Secondly,
it pioneers a participatory visual methodology for eliciting situated, experiential insights
on consumption practices [21]. Thirdly, it leverages Al analysis for efficient knowledge
discovery from large qualitative datasets. Finally, it explores the potential of participatory
machine learning for empowering marginalized voices and uncovering contextualized sus-
tainability solutions [22]. With further development, such human-centered Al approaches
can transform sustainable consumption research and policymaking.

2. Literature Review
2.1. Sustainable Consumption: Challenges and Drivers

Sustainable consumption has become a core challenge of the Anthropocene. Globally,
consumption and production account for over two-thirds of greenhouse gas emissions [23].
Material footprints have grown in lockstep with affluence, straining ecosystems. As high-
lighted by recent studies [24,25], the environmental impacts of consumption often exceed
planetary boundaries, necessitating urgent transformations. Researchers increasingly rec-
ognize the need to move beyond technological solutions toward demand-side changes [26].
The Sustainable Development Goals position sustainable consumption as crucial for green,
inclusive growth [27]. However, progress remains slow, constrained by socio-technical
lock-ins and policy inertia [28,29].

Theories of consumption have evolved to consider the complex interplay of individual,
social, and structural factors shaping behavior [30]. Social practice theory highlights how
consumption is embedded in everyday routines, norms, and infrastructures [31,32]. Social
practice theory provides a valuable perspective for understanding and addressing food
waste behavior by focusing on the interconnected elements of practices: materials, compe-
tencies, and meanings. Instead of seeing food waste only as a result of individual choices,
this perspective takes into account the larger social and cultural surroundings in which
food-related actions take place [31]. By studying how daily habits, abilities, and societal
standards influence how people buy, cook, eat, and throw away food, we can pinpoint
areas where we can intervene [4]. For instance, improving food storage infrastructure (ma-
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terials), enhancing cooking skills (competencies), and shifting cultural perceptions around
food abundance and waste (meanings) can collectively foster more sustainable practices.
This holistic understanding helps policymakers, educators, and community organizers
design more effective strategies to reduce food waste by transforming the social practices
that sustain it [4,20,31]. Changing practices requires reconfiguring their interconnected
elements and breaking habits [32]. However, much sustainable consumption research
and policy remains dominated by individualistic, rational choice models [33]. There is a
growing recognition of the need to examine consumption and food waste from a systemic,
socio-cultural perspective [34].

Emerging research emphasizes the importance of understanding food waste contexts
and drivers beyond individual attitudes and choices. The most commonly cited prescriptive
models are the Theory of Reasoned Action (TRA) and the Theory of Planned Behavior
(TPB) [35-38]. These models provide frameworks for understanding the structure of
consumer behavior. In contrast, other studies highlight the role of social influence, emotions,
identity, environment, and structural conditions in shaping practice [39]. Qualitative,
experiential insights are valued for uncovering the situated meanings and dynamics of
consumption [39,40]. Participatory and ethnographic approaches, such as photovoice, are
seen as powerful tools for eliciting emic perspectives and empowering participants as
co-researchers [21,41,42]. However, the scalability of such methods remains a challenge,
limiting wider adoption. This study explores the integration of Al analysis to enable
rapid, large-scale processing of qualitative visual data, enhancing the reach and impact of
participatory sustainable consumption research.

2.2. Consumer Food Waste: An Emerging Sustainability Hotspot

Food waste presents an urgent sustainable consumption challenge. Globally, one-
third of all food is lost or wasted, undermining food security, resource conservation, and
climate action [6]. The magnitude of food waste has significant environmental, social, and
economic implications, with recent estimates suggesting that it accounts for 8-10% of global
greenhouse gas emissions [43]. In developed countries, over half of food waste occurs at the
consumption stage, largely in households [11]. Wastage is also rising rapidly in emerging
economies, driven by urbanization, changing diets, and the growth of supermarkets [40,44].
Studies indicate that consumer behaviors and attitudes are critical intervention points for
reducing waste [45]. However, research on consumer food waste perceptions and practices
in developing contexts remains limited and fragmented [12].

Existing studies on consumer food waste behaviors have primarily focused on de-
veloped countries, using quantitative survey-based methods. These approaches provide
valuable insights into general patterns and predictors of food waste [12,46]. However,
they often fail to capture the nuanced, contextual factors shaping food practices in diverse
settings [47]. Qualitative, interpretive research is needed to unpack the socio-cultural
meanings and drivers of food waste in specific contexts [48]. In emerging economies, rapid
transitions in food systems and consumption practices are reshaping waste behaviors [49].
The rise of supermarkets, processed foods, and eating out are altering traditional foodways
and creating new waste streams. Changing norms around freshness, aesthetics, and abun-
dance also influence waste generation [50]. However, in-depth, localized studies examining
these dynamics remain scarce. There is a need for participatory, context-sensitive research
approaches to uncover the lived experiences and perceptions of consumers in transitioning
societies [15].

Visual methodologies like photovoice offer promising avenues for eliciting grounded,
experiential insights into food consumption and waste practices [51]. By empowering
participants to document their own realities, photovoice can surface emic perspectives
and reveal the embodied, affective dimensions of waste behaviors [19,51]. However, the
scalability of analyzing large visual datasets poses challenges for wider adoption [52]. This
study pioneers the integration of Al-powered analysis with photovoice to enable rapid,
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large-scale processing of participant-generated data, enhancing the reach and impact of
contextualized food waste research.

2.3. Photovoice: A Participatory Visual Methodology

Photovoice is a participatory action research method that empowers participants to
document and reflect on their lived experiences through photography [19]. Grounded in the
theoretical traditions of critical consciousness [53,54], feminist research, and documentary
photography, photovoice aims to surface marginalized perspectives and catalyze social
change [55]. Participants are given cameras to capture images representing their realities
and perspectives on a given issue. They then contextualize the photos through verbal
or written narratives, often in group discussions [41]. This process of visual storytelling
can uncover rich experiential insights, challenge dominant narratives, and raise critical
awareness [20].

Photovoice has been increasingly applied in sustainable consumption research to
examine contextualized practices and drivers. Studies have engaged participants in docu-
menting food waste behaviors, energy use, waste practices, and health and dietary habits.
The method enables a granular examination of consumption contexts, meanings, and
materialities [56]. It can reveal tensions between attitudes and practices and pathways
for change. By empowering participants as co-researchers, photovoice also democratizes
knowledge production and enhances research impact [41].

However, the qualitative visual data generated through photovoice can be time-
consuming to analyze, limiting wider adoption [52,57]. Emerging studies explore the
potential of integrating Al techniques to automate and scale photovoice analysis. Com-
puter vision algorithms can rapidly identify objects, scenes, and themes in large visual
datasets (Sambasivan & Holbrook [58]). Natural language processing can derive insights
from associated photo captions and narratives (Garg et al., 2021 [59]). While still an emerg-
ing area, Al integration could accelerate photovoice analysis and enhance rigor through
computational objectivity.

This study builds on these developments by pioneering a participatory Al approach
to photovoice analysis for sustainable consumption research. It engages students in India
as citizen scientists to document their food waste perceptions and practices, aligning with
photovoice principles of empowerment and contextualization. Computer vision and natu-
ral language processing are then applied to efficiently derive insights from the visual data.
The approach aims to scale photovoice for a wider application while centering participant
interpretations and reflexivity. It explores the potential of human-machine collaboration
for uncovering situated drivers of food waste and informing localized interventions.

3. Methodology

This study is grounded in a participatory research paradigm that values the co-creation
of knowledge with communities. Photovoice, as a visual participatory methodology,
aligns with this paradigm by empowering participants as co-researchers to document
and reflect on their lived realities [19]. The Al-powered analysis, while grounded in
positivist computational approaches, is guided by participatory ethics of transparency and
interpretive validation with participants [60]. Reliability is ensured through methodological
triangulation of visual and textual data sources, iterative thematic coding, and participant
checking of Al-generated insights [61,62].

3.1. Photovoice Study Design

The methodology used in this study draws on established protocols and best prac-
tices [21,42]. A photovoice study was conducted with undergraduate students at a univer-
sity in India.

A purposive sample of twenty-six university students ranging in age from 18 to 24
were selected to participate in the study. University students were chosen as a key demo-
graphic group for several reasons. Firstly, young adults in urban India are experiencing
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rapid transitions in food consumption practices, with increasing exposure to globalized
diets, processed foods, and changing social norms [63]. These shifts have significant im-
plications for food waste behaviors and sustainability [63]. Secondly, university students
represent an important target group for sustainable consumption interventions, given their
potential as future leaders and change agents [33,64]. Understanding their perceptions and
practices around food waste can inform tailored educational and behavioral strategies [65].

While the purposive sample is not statistically representative of the broader popu-
lation, it aligns with the qualitative, exploratory aims of the study. Photovoice research
prioritizes depth, diversity, and contextual insights over generalizability [42]. The selec-
tion of university students from different backgrounds and disciplines aimed to capture
a range of perspectives and experiences related to food waste. This diversity is crucial
for identifying common patterns and divergences and for generating nuanced, situated
understandings. The sample size of twenty-six participants is consistent with established
photovoice studies [19,21,66], providing sufficient data for thematic saturation while main-
taining feasibility for in-depth analysis [42].

As per Figure 1, after informed consent, participants attended a training workshop on
photovoice methods and research ethics. The workshop oriented them to the study purpose
of documenting food waste perceptions and practices in their daily lives and communities.
Participants were given digital cameras and prompted to capture photos representing their
experiences and observations around food wastage over a two-week period. They were
encouraged to consider wastage at various stages (e.g., purchasing, cooking, eating out,
storing, and disposal) and reflect on drivers and impacts. Ethical guidelines were provided
on respecting privacy and obtaining consent for human subjects.

{26 University Students Participate }

v
[Provide Cameras and Explain Methodology }

\ 4
[Participants Take Photos of Food Waste J

\ 4
[ Participants Caption Their 3 Most Significant Images ]

v
{Focus Group Discussions Using SHOWeD Method }

v
[Transcripts and Photos Form Dataset for Al Analysis J

Figure 1. Workflow of photovoice activity.

After two weeks, participants returned for a sharing session to discuss their photos. In
small groups, they each selected 2-3 of their most meaningful images and wrote accompa-
nying captions explaining the significance. A facilitator then guided a reflection dialogue,
prompting participants to share stories behind their photos and build collective interpreta-
tions. Discussions were audio-recorded and transcribed with permission. Participants gave
informed consent for their anonymized photos, captions, and narratives to be analyzed for
research purposes.

57



Sustainability 2024, 16, 6956

3.2. Al-Powered Analysis Workflow

The Al-powered analysis workflow used in this study builds on emerging applications
of computer vision and natural language processing in qualitative research [67,68]. The
Python 3.0 programming language and open-source libraries such as OpenCV, NLTK, and
spaCy were used to develop the analysis pipeline. For the visual data, a convolutional
neural network (CNN) model was trained to automatically detect and classify objects,
scenes, and themes in the participant-generated food waste photographs. The CNN
architecture used was MobileNetV2, which has shown high accuracy and efficiency in
image classification tasks [69]. The model was pre-trained on the ImageNet dataset and
fine-tuned on a manually annotated subset of the study photographs.

For the textual data, a combination of rule-based and machine-learning techniques
was applied to analyze the photo captions and participant reflections. Sentiment analysis
using the VADER lexicon [70] was conducted to identify emotional valence and arousal
in the narratives. Topic modeling using Latent Dirichlet Allocation (LDA) was employed
to discover latent themes and concepts related to food waste behaviors and drivers. The
CNN model achieved an accuracy of 88% in classifying food waste objects and scenes,
comparable to human performance. The research team manually validated the sentiment
analysis and topic modeling results to ensure alignment with participant interpretations.
Member checking [71,72] was also conducted, with participants reviewing and providing
feedback on the Al-generated insights.

While the Al analysis enabled efficient processing of the large qualitative dataset, the
interpretive process remained centered on participants” experiences and meanings. The
machine learning results served as a complementary lens to surface patterns and prompt
further dialogue rather than replace human sense-making. Researcher reflexivity (Finlay,
2002) and contextual awareness were also critically engaged in interrogating and qualifying
the Al outputs. The integration of computational and human analysis aimed to leverage
the strengths of both approaches for deepened understanding.

3.3. Methodological Reflections

The Al-powered photovoice analysis workflow enabled the rapid derivation of insights
from the large qualitative dataset. Computational techniques made the visual data analysis
feasible at a scale beyond typical manual coding approaches. The unsupervised machine
learning algorithms helped identify bottom-up patterns grounded in the data rather than
imposing researcher assumptions. Multi-modal analysis integrating visual and textual
elements allowed for rich contextualization of themes. However, the Al-generated insights
still required careful researcher interpretation and validation. Some nuances of participant
narratives were lost in the quantitative topic models. The pre-trained computer vision
models also missed culturally specific objects and scenes. Ongoing advancements in few-
shot learning and model adaptation could help tailor the Al to context. More broadly,
integrating machine and human intelligence requires considered design to preserve the
participatory ethics of photovoice [60] (Brown et al., 2021). Reflexive discussion of computer-
generated insights with participants could help align machine and emic perspectives.
This study provides an initial proof-of-concept for Al-powered photovoice analysis in
sustainable consumption research. Further work is needed to refine the techniques and
address limitations. Comparative evaluation of manual and Al-assisted analysis could
assess efficiency and validity gains. Explainable Al methods could improve algorithmic
transparency for participants and researchers. Participatory machine learning, involving
participants in training and interpreting Al models, presents an exciting frontier. With
mindful development, Al integration could amplify photovoice as a scalable, empowering
methodology for eliciting localized sustainability insights.

4. Results and Discussion

The participatory photovoice study and Al-powered analysis generated rich insights
into urban students’ perceptions, practices, and drivers of food waste. The CNN model
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trained on the participant-generated photographs achieved an overall accuracy of 88% in
classifying food waste objects and scenes. The model’s precision, recall, and F1 score for
each class are presented in Table 1. The high-performance metrics indicate the effectiveness
of the MobileNetV2 architecture and transfer learning approach in accurately detecting
and categorizing food waste elements from the visual data.

Table 1. CNN model performance metrics for food waste classification.

Class Precision Recall F1 Score
Plate waste 0.92 0.87 0.89
Packaging waste 0.85 0.91 0.88
Spoiled food 0.88 0.84 0.86
Overproduction 0.86 0.90 0.88
Miscellaneous 0.91 0.89 0.90

The model’s confusion matrix (Figure 2) further illustrates the classification perfor-
mance across the different food waste categories. The matrix indicates high diagonal
values, signifying accurate predictions with minimal misclassifications between classes.
The visualization helps identify specific categories where the model performs exceptionally
well (e.g., plate waste) and those where some misclassifications occur (e.g., spoiled food
and overproduction).

Confusion Matrix for CNN Food Waste Classification

Plate waste

Packaging waste

- 60

Spoiled food

Overproduction

Miscellaneous

Plate waste Packaging waste Spoiled food OverproductionMiscellaneous
Predicted label

Figure 2. Confusion matrix for CNN food waste classification.

The sentiment analysis of the photo captions and reflections revealed a spectrum of
emotional responses to food waste. Across the dataset, 32% of text snippets expressed
negative sentiments (e.g., shock, guilt, or frustration), 28% conveyed neutral or mixed
sentiments, and 24% expressed positive sentiments (e.g., hopefulness or determination).
The VADER sentiment analyzer achieved an accuracy of 85% in classifying the sentiments,
as validated through manual annotation of a random subset of 100 text samples. The LDA
topic modeling identified five dominant themes in the participants’ narratives: (1) wasteful
consumption habits, (2) food surplus and overproduction, (3) environmental and social
consequences, (4) lack of awareness and infrastructure, and (5) opportunities for change.
The topic coherence score of 0.62 suggests a reasonable level of semantic consistency within
the discovered topics.

Participants’ reflections unpacked the social, cultural, and structural drivers of food
waste in their contexts. For example, several narratives linked plate waste to changing
dietary preferences, time constraints, and the normalization of food abundance. **As one
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participant shared, “I often end up throwing away unfinished meals because I'm too busy to eat
properly. It’s become a habit, even though I feel quilty about it”.

The photovoice process also sparked critical reflection and agency among participants.
Many expressed a heightened awareness of their own waste behaviors and a determination
to change. As one student reflected, “Participating in this study opened my eyes to how
much food I waste daily without realizing it. I'm motivated to start planning my meals
better and composting my scraps”. Others brainstormed solutions such as food-sharing
initiatives, waste-tracking apps, and campus awareness campaigns, demonstrating the
potential for bottom-up, community-driven action.

The Al-powered photovoice analysis revealed several key themes around food con-
sumption and waste behaviors among university students. Illustrative photos and quotes
are provided to contextualize each theme.

4.1. Invisibility of Food Waste

A dominant theme was the invisibility and normalization of food waste in everyday
life. Many photos depicted unfinished meals, buffet leftovers, and discards from food
preparation. However, participants often expressed surprise at the cumulative wastage cap-
tured, having previously overlooked its prevalence, as previous studies confirmed that lack
of knowledge [73] is a determinant of consumer-level food waste. As one student reflected:

“I never really noticed how much food goes into the bin each day. It's just become a normal
part of cooking and cleaning routine. Seeing all the photos made me realize the scale of
waste happening in my own kitchen” .

(Participant 3, female)

The Al analysis corroborated this theme, with “plate waste” and “kitchen scraps”
emerging as frequent visual labels. The associated captions and discussions suggested low
consciousness of waste volumes among participants. This invisibility poses a barrier to
waste reduction, as behaviors remain unexamined [74]. A consumer’s lack of knowledge
about food waste at the local level hinders the ability to develop place-based solutions that
are locally relevant [75]. Photovoice served as a critical reflection tool, making waste visible
and prompting a re-evaluation of practices confirming the result of previous research [76].

4.2. Socio-Cultural Drivers of Waste

Photo narratives also highlighted significant socio-cultural drivers of food waste.
Images of elaborate family meals, religious feasts, and social gatherings were common.
Participants described wastage as an unintended consequence of hospitality norms and
aesthetic expectations. Oversized portions, unappetizing buffet leftovers, and guest plate
waste were recurrent subjects. As one participant explained:

“In our culture, serving excess food is a sign of good hospitality. Hosts feel embarrassed
if there isn’t more than enough on the table. But this leads to so much waste, especially
when catering for large gatherings. The pressure to impress with abundance means a lot
gets thrown out”.

(Participant 21, male)

Joint topic modeling of visual and textual data reinforced this link between wastage
and socio-cultural expectations. Photos depicting “surplus food” and “leftovers” frequently
co-occurred with text themes of “social pressure” and “hospitality”. These findings under-
score the importance of sociological factors beyond individual attitudes in shaping waste
behaviors [74]. Interventions must engage with cultural norms and social dynamics to shift
collective practices.

4.3. Technological Imaginaries vs. Structural Constraints

A third prominent theme concerned the infrastructural and systemic barriers to food
waste reduction in the context of the developing world. Numerous photos depicted food
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spoilage due to lack of refrigeration, unreliable electricity, and inadequate packaging.
Participant narratives highlighted the challenges of food preservation in humid climates
without consistent cold storage. Several noted the compounding effects of long supply
chains and lack of processing facilities, leading to high upstream wastage. Food safety
concerns and distrust in cold chains also drove over-purchasing and discards.

As one participant shared:

“I dream of having a big fridge to keep all my fruits and veggies fresh. But with the
constant power cuts in my area, it’s not practical. The packaging also feels like too much
plastic waste. I wish there were more sustainable and accessible options for food storage”.

(Participant 11, female)

Infrastructural limitations intersected with socio-economic constraints in shaping
waste behaviors. Smaller, more frequent purchases were common in low-income house-
holds and areas with limited storage space. The informal food sector, including street
vendors and wet markets, offered affordable options but with higher perishability risks. Par-
ticipants recognized the need for systemic solutions beyond individual actions. Improved
cold chain infrastructure, local food processing, and packaging innovations were seen as
key enablers. Several called for greater public investment and policy support for food waste
reduction. These findings align with prior research on the socio-technical barriers to food
waste reduction in developing contexts [65]. Soma (2020) similarly found that cold chain
limitations and packaging waste concerns hampered the adoption of preservation technolo-
gies in Indonesia [77]. Madaan (2024) highlights the need for frugal innovations and circular
economy approaches to address infrastructural constraints in developing nations [78]. The
present study adds nuance by documenting lived experiences and perceptions of these
systemic challenges among urban youth.

The Al-powered analysis revealed patterns of frustration and disempowerment
in participants” emotional responses to infrastructural barriers. Sentiment scores were
more negative for captions related to systemic issues compared to individual behaviors
(0.32 vs. 0.48). Text analysis surfaced terms like “lack”, “poor”, and “difficult” in relation to
infrastructure. These findings echo calls for food waste interventions to address structural
drivers and inequities rather than placing the onus solely on consumers [65,77].

The visual data also highlighted innovative coping strategies and adaptations to in-
frastructural constraints. Photos showed improvised cooling methods like earthen pots
and evaporative coolers. Captions described preserving practices like pickling, drying, and
composting. Some participants shared photos of community fridges and food-sharing ini-
tiatives. These local solutions offer potential models for resilient, low-waste food practices.
Participatory Al methods could help surface and scale such community innovations.

4.4. Affective Dimensions of Waste

Finally, the photovoice data surfaced affective and embodied dimensions of food
waste. Sentiment analysis of the photo captions and narratives revealed a mix of emotions,
from frustration and guilt to resignation. As per Table 2, images of discarded food were
often accompanied by expressions of moral unease, particularly in the context of hunger
and food insecurity.

Table 2. Sentiment Analysis Chart.

Sentiment Percentage
Shock 32%
Indifference 28%
Shame 19%
Anger 14%
Concern 7%
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As one participant reflected:

“Every time I scrape perfectly good food into the trash, I feel this pang of guilt. I know
there are so many people in my city who don’t have enough to eat. But at the moment,
convenience just takes over. It’s this constant tension between my ideals and actions”.

(Participant 9, female)

The emotional complexity of waste was evident in the Al-generated sentiment clusters.
Negative sentiments like “guilt” and “frustration” frequently co-occurred with themes of
“discarding food” and “hunger”. These effective undercurrents shape waste behaviors in
subtle but significant ways. Photovoice provided an avenue for participants to process and
articulate these embodied experiences. Waste reduction strategies must engage with these
emotional drivers, cultivating positive effects like empowerment and satisfaction.

The findings from this Al-powered photovoice study both align with and extend prior
research on consumer food waste drivers. The invisibility of routine waste (Section 4.1)
resonates with studies highlighting low consumer awareness of wastage [75,79]. However,
our visual methodology uniquely captured the visceral shock of confronting cumulative
waste, underscoring photovoice’s potential for disrupting normalization. The socio-cultural
drivers of waste (Section 4.2), particularly hospitality norms and aesthetic standards, echo
findings from other emerging economies, like China [44], India [10,44,80], and Brazil [15].
Our study extends these works by visually documenting the embodied practices and
emotional negotiations underlying these drivers. Infrastructural constraints emerged as a
novel barrier to waste reduction in the context of the developing world (Section 4.3). While
cold chain limitations are recognized in food waste literature [65], our participants” visual
accounts viscerally capture the lived experiences of these constraints. The photovoice
process also elicited unique socio-technical imaginaries around refrigeration and packaging.
Al analysis enabled the distillation of these distinct and cross-cutting themes from the
rich visual data. Prior photovoice studies in related domains like energy poverty have
relied on manual content analysis. Our integration of participatory methods with computer
vision and NLP demonstrates new possibilities for rapid insights from complex qualitative
data [71].

5. Implications, Limitations, and Future Research
5.1. Theoretical Implications

This study advances sustainable consumption scholarship in three key ways. First,
it demonstrates the value of participatory visual methodologies in eliciting contextual,
embodied accounts of food waste practices. Photovoice can disrupt habitual behaviors,
uncover emic meanings, and empower participant agency beyond dominant survey ap-
proaches [41,55]. Second, Al analysis enables scalable examination of rich qualitative
insights, addressing limitations of manual methods at the expense of some nuance. The
computational techniques of computer vision, NLP, and joint topic modeling show promise
for rapid theme extraction and data integration [22]. However, they must be guided by
participatory research ethics and interpretive validation. Third, the study reveals the socio-
technical complexities of food waste behaviors in emerging economies. Waste drivers span
socio-cultural norms, material infrastructures, and situated practices in understudied urban
contexts like India, Pakistan, and Bangladesh [10].

5.2. Practical/Policy Implications

For policymakers and practitioners, this study offers localized insights for tailoring
food waste interventions to the realities of the developing world. The low awareness yet
high emotionality around waste points to the power of visual messaging and affective
appeals in consumer campaigns. Social media is a widely used tool in the developing
world, and it is effective in spreading knowledge, emotional messages, and reflection
on societal norms [81]. Hence, the content must resonate with the youth (Gen Z) and
have a larger impact on their wasteful behavior. Leveraging the normative influence
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of aspirational groups like university students could shift broader food practices. A
survey of 6000 people based in the UK, US, and Canada found that social media platforms
inspire more individuals to make sustainable choices rather than TV documentaries or
governmental initiatives for behavior change [82]. Social media influencers create a massive
impact with a huge number of followers on their pages. In the past five years, governments
have hired influencers to spread positive images of political parties, and it has created a
massive impact in building the image of the leaders [83,84]. Similarly, the government or
authorities can hire higher-paid artists or influencers to create awareness regarding the
issue [83,85,86]. The infrastructural barriers highlighted, from cold storage limitations to
packaging waste, necessitate systemic solutions. Policies supporting decentralized cold
chains, frugal innovations, and circular economy approaches are also needed. Another
policy implication that is needed and continuously highlighted by print media is to put
regulation and financial penalties on extravagant wedding feasts and Ramzan buffets [10].

5.3. Limitations and Future Research

This study has several limitations that present opportunities for future work. First,
the small sample size and university student demographic limit generalizability to broader
populations. But this limitation presents a future opportunity. According to a Gallup
survey, half of Indian young adults (age 15-24) have mobile and internet access [87,88].
With 58,000 higher education institutes, India has 43.3 million young adult students en-
rolled in higher education (universities) [88]. Hence, the research or intervention can be
replicated to understand its food waste behavior on a larger scale. Second, the two-week
photovoice period may not capture longer-term waste behaviors and seasonal variations.
Due to limited time and resources, this study could not measure the long-term impact of
the intervention. Hence, longitudinal designs could examine the durability of insights and
interventions. Third, while the Al analysis enabled rapid theme extraction, the pre-trained
models had limitations in recognizing culturally specific objects and practices [89]. Future
work should explore participatory machine learning approaches where participants guide
model training and interpretation. Fourth, the photography-based methodology may not
fully capture the multisensory and embodied dimensions of food practices. Integration
with other sensory ethnography methods like smell mapping and taste sampling could
enrich insights. Finally, as an exploratory study, the insights generated are more indicative
than conclusive. Controlled trials are needed to assess the efficacy of photovoice Al in
changing waste behaviors. Participatory implementation research could also examine
the real-world impact and community ownership of Al-guided waste reduction strate-
gies. Comparative evaluation with conventional survey and intervention approaches
would strengthen the evidence base for participatory Al methodologies in sustainable
consumption research. Future research should explore participatory Al applications in
diverse cultural contexts and domains of sustainable consumption. A Scopus review on
explainable artificial intelligence (XAI) concluded that transdisciplinary collaborations
between computer scientists, social scientists, and sustainability practitioners are needed
to advance the field and translate insights into contextualized interventions [22]. Hence,
methodological studies could compare Al-assisted and manual photovoice analysis to
further validate the approach. Consequently, longitudinal research designs could examine
the impact of Al-powered photovoice on participants” long-term consumption patterns
and change processes.

6. Conclusions and Recommendations

This participatory photovoice study, enhanced by Al-powered analysis, aimed to
explore urban students’ perceptions, practices, and drivers of food waste. The objectives
were to (1) visually document and analyze food waste behaviors in context, (2) uncover the
social, cultural, and structural factors shaping these behaviors, and (3) generate insights and
recommendations for targeted interventions and sustainable consumption strategies. The
study’s findings and methodological innovations align with and advance these objectives.
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Firstly, the photovoice methodology enabled participants to visually document and
reflect on their food waste practices in situ. The photographs and narratives provided a rich,
contextualized understanding of waste behaviors, from plate waste to food spoilage to over-
production. The Al-driven analysis, particularly the CNN model’s accurate classification of
food waste scenes and objects, allowed for efficient and comprehensive insights generation
from the visual data. This combination of participatory photography and computer vision
techniques effectively addressed the first objective of documenting and analyzing food
waste behaviors in context. Secondly, the thematic analysis of participants” reflections,
augmented by sentiment analysis and topic modeling, revealed the complex social, cultural,
and structural drivers of food waste. Factors such as changing dietary preferences, time
constraints, aesthetic standards, and consumerism were highlighted as key contributors to
wasteful practices. The Al techniques efficiently surfaced these patterns and themes from
the large textual dataset, enabling a nuanced understanding of the underlying drivers. By
uncovering these contextual factors, the study effectively addressed the second objective
and provided a foundation for designing targeted interventions. Thirdly, the photovoice
process and Al-powered analysis generated actionable insights and recommendations for
food waste reduction and sustainable consumption. Participants’ reflections and ideas,
such as meal planning, composting, food-sharing initiatives, and awareness campaigns,
offer promising avenues for intervention. The granular insights from the CNN model,
such as identifying specific wasted food types, can further inform targeted waste reduction
strategies. These findings directly align with the third objective of generating insights and
recommendations for sustainable consumption.
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Abstract: Applying behavioral reasoning theory, this study examines the effect of social media
food waste advertising on consumers’ intention not to waste food, with customer—brand communal
engagement and awareness of food waste consequences acting as mediators, and fast-food customers’
altruism as a moderator. Structural equation modeling was applied to data from 422 customers
of Malaysian retail fast-food chains. The findings reveal that social media food waste advertis-
ing positively affects customers’” intentions not to waste food directly and indirectly through two
mediators: awareness of food waste consequences and customer-brand communal engagement.
The stronger mediator was awareness, and it indicated that cognitive factors play a greater role
in pro-environmental behaviors than emotional ones. Additionally, this study demonstrates that
customer altruism moderates the cognitive pathway but not the emotional pathway. The results of
these findings suggest that social media campaigns should focus on both cognitive and emotional
dimensions as well as personal value to maximize effectiveness. The findings have implications for
fast-food chains to design more effective social media campaigns that promote food waste reduction
as part of broader sustainability goals in the food industry.

Keywords: social media advertising; food waste reduction; customer behavior; retail fast-food chains;
behavioral reasoning theory

1. Introduction

A major global problem related to food security and environmental sustainability is
food waste. More than one-third (1.3 billion tons/year) of all food produced is wasted [1],
leading to food shortages and exacerbating environmental problems, like greenhouse gas
emissions, deforestation and water depletion [2]. Primarily, food waste is essential to relieve
pressure on agriculture and to promote conservation [3]. There is a prodigious responsibility
that falls on businesses, particularly in the food service sector Smith & Jones, 2019. For
example, companies like McDonald’s have optimized portion sizes and implemented
‘No Waste’ campaigns, and Starbucks donates unsold items to local communities [4,5],
all of which are actions that brands can take to reduce food waste and enhance their
sustainability commitment.

Social media is used by businesses in the digital world to communicate their sus-
tainability initiatives [6-8]. At present, social media platforms that were once used for
marketing display corporate social responsibility efforts [9,10], such as food waste reduc-
tion [11]. For instance, KFC uses Instagram and Facebook to advertise food donation and
portion control, and Tesco tweets food waste tips and charitable partnerships. In addition

Sustainability 2024, 16, 9712. https:/ /doi.org/10.3390/su16229712 68

https://www.mdpi.com/journal/sustainability



Sustainability 2024, 16, 9712

to helping build brand image, these campaigns also encourage customers to partake in
responsible consumption. Yet, the consumers are the key to reducing food waste [12]. A lot
of food waste comes from over-ordering, storage errors, and lack of knowledge. To resolve
this issue, businesses have been launching campaigns that help to increase awareness and
promote mindful consumption practices [13]. However, in addressing the issue of food
waste, both businesses and customers are required to share responsibility, and therefore, it
is important to understand how businesses influence customer behavior through strategic
communication. This study looks at the effect of fast-food brands’ social media advertising
on customer intention to avoid food waste.

However, human behavior is complex and involves psychological, personal and situa-
tional factors that mediate and moderate responses to external influences [14,15]. Following
this line of research, this study proposes a dual mediating pathway involving two key
variables: customer-brand communal engagement and awareness of food waste conse-
quences. Customer-brand communal engagement refers to the emotional link between
customers and a brand based on shared values and perceived care [16]. If customers
experience positive emotions such as warmth and attachment, they are likely to be mo-
tivated to align their behavior with the brand’s sustainability efforts. Awareness of food
waste consequences reflects the cognitive understanding of the negative environmental
and societal consequences of food waste [17]. Customers recognize these consequences
and start to consider the wider consequences of what they do, which leads to an increase in
their intention to reduce food waste. Because they address different psychological facets of
behavior, emotional and cognitive mediators are crucial to include. Individuals connect
emotionally, driven by their support for socially and environmentally responsible brands,
with emotional factors. Rational evaluations, i.e., actions carried out based on understand-
ing waste impacts, are prompted by cognitive factors such as awareness of food waste
consequences. Combining both dimensions gives a complete picture of how social media
advertising affects customer behavior. Moreover, this study introduces altruism (personal
human value), which is characterized as a selfless concern for others, as a moderator of
prosocial behaviors [18]. Altruistic people are more likely to engage in environmentally
friendly initiatives [10,19] and react favorably to messages about reducing waste, making
altruism a key moderator in social media advertising. Therefore, altruism highlights the
relevance of individual differences in the behavioral reactions to sustainability-oriented
advertising.

This study aims to explore the impact of social media advertising on food waste re-
duction behaviors in the setting of Malaysia’s retail fast-food sector. More specifically, this
study aims to understand how fast-food chain social media campaigns impact customers’
intention not to waste food, through both cognitive and emotional pathways. In order
to explore the mediating role between two mediating factors (awareness of food waste
consequences, and customer-brand communal engagement) and customers’ sustainable
behaviors, this research integrates behavioral reasoning theory (BRT). Furthermore, this
study examines the moderating effect of altruism in order to more fully understand the
psychological mechanisms that shape food waste reduction behavior. This research con-
tributes to filling a gap in the literature by focusing on a developing economy such as
Malaysia, where consumption patterns are different, and providing insights for academics
and practitioners on how social media can promote sustainable consumption practices.

This study focuses on Malaysia’s retail fast-food sector, which has experienced rapid
growth over the past decade. The expansion of fast-food chains and dining-out culture
has increased food waste, challenging Malaysia’s sustainability goals [20]. The Solid
Waste Management and Public Cleansing Corporation (SWCorp) reports that the country
generates approximately 16,688 tons of food waste daily, with 4080 tons being edible and
avoidable waste ending up in landfills [21]. This not only harms the environment but
also causes economic losses, undermining resource optimization and food security efforts.
Despite government initiatives, food waste remains prevalent, especially in urban areas
with high fast-food consumption, necessitating strategies involving both businesses and
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consumers. While regulatory measures are crucial, promoting behavioral shifts among
consumers is equally important. Given the role of fast-food chains in shaping consumption
patterns, understanding how these organizations can encourage sustainable practices is
essential. This is particularly relevant in Malaysia, where addressing food waste at both
the organizational and the consumer level is increasingly recognized.

Despite extensive research, significant gaps remain in understanding the psycholog-
ical mechanisms influencing customers’ intentions to reduce food waste. Most studies
examine emotional or cognitive aspects separately, neglecting their combined effect [22,23].
Although emotions like guilt and empathy motivate pro-environmental behaviors [24],
while cognitive factors such as awareness inform rational decision-making, this integrated
perspective of dual pathways (emotional and cognitive), especially from a food waste
standpoint, is missing from the existing literature. This research addresses this gap by
introducing a dual mediating model that combines emotional (customer—brand communal
engagement) and cognitive (awareness of food waste consequences) factors, offering a
more comprehensive understanding of how social media advertising influences customer
behavior in Malaysia’s fast-food sector.

On a similar note, most existing research is based on developed economies where
consumption and waste patterns are substantially different from those of countries like
Malaysia [25]. In the developed contexts, studies tend to focus on policies, technological
interventions and consumer behavior models that may not be appropriate in light of the
distinctive socio-cultural and economic challenges of the emerging markets [26,27]. There
is limited empirical evidence from developing economies on how businesses can lead
sustainable consumption through advertising strategies such as social media advertising
to fight against food waste [28]. This research addresses this critical gap by focusing on
Malaysia’s retail fast-food sector to understand how social media campaigns can hit the
right chords with consumers in a developing economy where affordability, food availability,
and sustainability awareness are factors that affect behavior. Informational appeals have
been previously studied, but relational constructs such as customer—-brand communal
engagement have been ignored, without a framework to connect relational factors to
cognitive awareness and ultimately promote sustainable behaviors. We introduce customer—
brand communal engagement as a mediator to explain the emotional pathway to customers
developing responsibility to reduce food waste. Unlike most traditional informational
appeals, this approach highlights the value of emotional bonds between customers and
brands in encouraging pro-environmental behavior. Social media plays a role in spreading
food waste reduction messages, but there are few studies on the effectiveness of social media
in actually inducing behavioral change [29]. Previous research has primarily explored its
effects on brand awareness and customer engagement but delved little into how targeted
social ads on social media affect customer behaviors toward food waste [30]. To fill this
gap, our study investigates how retail fast-food chains can utilize social media features
like interactivity and broad reach in order to influence consumption patterns and promote
sustainable behaviors.

Second, altruism among fast-food customers has been neglected as a moderator.
While altruism is a key predictor of environmentally responsible behaviors [18,31,32], little
research has been carried out to explore how this can enhance or diminish the impact of
social media advertising on shaping customer intentions. Our research aims to investigate
how altruism moderates the association between social media food waste advertising and
customer intentions to avoid food waste and to present a more nuanced view of the role
of individual differences in response to sustainability messaging. The research model
proposed includes emotional and cognitive mediators as well as a personal trait moderator,
thus representing multiple facets of psychological influence on behavior. By offering a richer
understanding of the factors that influence customer intentions, this approach provides
clearer advice to businesses and policymakers about how to design effective interventions.
Our research fills these gaps and makes considerable contributions to the literature on food
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waste reduction, and provides new insights that can inform future research and practice in
both developed and developing contexts.

2. Literature and Theoretical Underpinning
2.1. Theoretical Underpinning: Behavioral Reasoning Theory (BRT)

The main theoretical foundation of this study is behavioral reasoning theory (BRT),
a rich and comprehensive body of theoretical framework to explain how factors shape
individual decision-making and behavior, particularly within the organizational context.
Westaby [33] introduces BRT, a theoretical model that extends traditional behavioral theo-
ries, such as the theory of planned behavior (TPB), to argue that reasons (for and against a
particular behavior) are crucial determinants of both intentions and action. At its core, BRT
holds that people act in terms of the reasons they take to be important in mediating between
their beliefs and their subsequent actions. These reasons can be both an encouragement
and deterrence to behavior depending on how people reason out external cues and internal
values [34]. This study applies BRT to explain how fast-food chain social media advertising
affects customers’ intentions to reduce food waste. In particular, BRT describes two specific
pathways through which behavior is shaped, cognitive and emotional. Rational consid-
erations drive cognitive pathways, for instance, awareness of food waste consequences.
The focus of this study is on how social media food waste campaigns can raise customer
awareness of the environmental and social impacts of their actions. According to BRT, once
people realize these reasons, they’re more likely to act in ways that conform with the logical
motivation to cut down on food waste [11].

On the other hand, BRT stresses the role of affective responses that are also important
in influencing behavior. This study examines how customer-brand communal engagement,
the emotional bond created through shared values and a feeling of community with
the brand, moderates the association between social media food waste advertising and
customers’ intention not to waste food. BRT says emotional reasons like the feeling of
being valued by a socially responsible brand can make a big difference in behavior. In
particular, if customers perceive a strong emotional connection to brands of fast-food that
market sustainability, they are more likely to engage in pro-environmental behavior, like
reducing food waste. In addition, BRT’s emphasis on personal values, such as altruism, is
especially appropriate for this study. The cognitive and emotional pathways are moderated
by altruism (selfless concern for the wellbeing of others) [35]. Social media campaigns
aimed at reducing food waste will be more easily engaged with and responded to by
altruistic consumers, whose personal values are echoed within the social media campaign.
BRT argues that when the reasons for behavior match an individual’s values (cognitive or
emotional), the reasons become stronger action motivators. Consequently, social media
advertising strengthens the effect of customer awareness and emotional engagement with
advertising and enhances the purchase intention to reduce food waste. By applying BRT,
this study provides a comprehensive understanding of how fast-food chains can effectively
use social media advertising to target both rational and emotional dimensions of consumer
behavior. It illustrates how awareness of food waste consequences (cognitive pathway),
customer-brand communal engagement (emotional pathway), and altruism (moderator)
interact to influence food waste reduction behaviors in the fast-food sector

2.2. Hypotheses’ Development

Social media is one of the best tools to influence consumer behavior because of its
broad reach, engaging content and real-time interaction [36]. Duffett [37] argues that
research proves social media advertising can impact customer perception, attitude and
purchase behavior. Persuasive messaging and visual storytelling can influence consumer
behavior [38]. In terms of sustainability and food waste, social media is the ideal channel
to educate customers, promote responsible consumption and promote positive behavior
change [39]. Not only does it educate customers about sustainable initiatives, but it also
makes them accountable as they feel closer to the brand’s mission [40]. This study is applied
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to social media food waste advertising by fast-food chains to influence customer intentions
to avoid waste by demonstrating the negative consequences of food waste and the brand’s
sustainable commitment. Such advertising, in turn, educates customers, informs them,
and persuades them to act in ways consistent with environmental values [41]. Emotional
appeals such as community engagement in combination with cognitive information about
the consequences of food waste increase the effectiveness of promoting pro-environmental
behavior [42]. Furthermore, particularly in a country like Malaysia, where government-led
sustainability initiatives are becoming more noticeable, corporate involvement through
social media for food waste reduction can serve as a complementary means to meet national
sustainability targets [43]. Not only are such fast-food chains helping to mitigate environ-
mental harm, but they also benefit their brand image as socially responsible entities. This
creates customer loyalty and deepens the brand—consumer relationship, leading to a higher
likelihood that consumers will behave in alignment with the brand’s sustainability efforts.
Consequently, social media is a fundamental platform for designing pro-environmental
intentions in Malaysia where consumer awareness of food waste is increasing. BRT argues
that reasons that are important, such as environmental sustainability by reducing food
waste, play a major role in intentions [44]. In such a context, social media food waste
advertising is an external cue that provides the rational reasons and emotional appeals to
persuade the customers to avoid food waste. The reason for such an outbreak of noble
goals like mitigating environmental harm is what informs the customers’ intentions to alter
their behavior. Based on this, we propose:

H1. Social media food waste advertising by fast-food chains positively influences customers’
intentions to avoid food waste.

Emotional connections between customers and brands are fostered through social
media advertising by presenting shared values and commitments to social and environ-
mental issues [40]. In contrast to traditional advertising, social media allows for real-time
engagement and personalized content to strengthen brand-customer relationships [37].
Brands tell compelling stories, show great visuals and interactive features, and communi-
cate messages that stick, leading people to engage with them and feel loyalty and a sense
of belonging [38]. This emotional bond influences customer perceptions and behaviors
and increases the likelihood that they will support the brand’s initiatives and act in line
with its values [45]. This study argues that social media food waste advertising provides
opportunities to cultivate customer-brand communal engagement by sharing efforts to
decrease food waste and increase sustainability. Communal engagement is the emotional
bond that customers have with a brand because of shared values and concerns for the
community [16]. Brands that communicate their sustainable practices, e.g., donating unsold
food or implementing waste reduction, are perceived as socially responsible and caring,
which further enhances customers’ emotional attachment [46].

Social media advertising in the context of Malaysia’s fast-food industry is an ideal
platform through which to promote an emotional connection between the brand and the
customer, especially on issues such as food waste reduction. With an increasing awareness
of environmental concerns, along with the use of social media, the country is a perfect place
for fast-food brands to converse with their customers on common ground [47]. Fast-food
chains in Malaysia can promote their communal engagement with environmentally con-
scious consumers by highlighting sustainable practices such as food donation programs or
innovative packaging that cuts down on waste. Emotionally resonant campaigns can draw
on the societal and cultural value of environmental stewardship in Malaysia to strengthen
the emotional tie between the brand and its customers [48]. In addition, Malaysia’s socially
and economically diverse people are not only after low-cost options but are increasingly
attracted to brands that are aligned with their personal and shared values. Fast-food chains
have a chance to reach out to their customers and let them know how serious they are
about reducing food waste by being leaders in the movement for sustainability. Communal
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engagement does more than forge emotional attachment between individual consumers
and the product; it actually generates emotional attachment among Malaysian consumers to
the broader environmental goals. When consumers observe these brand-led sustainability
initiatives, they may feel compelled to take waste-reducing behaviors in order to fulfil their
moral obligation, and this fits with the emotional pathway that BRT describes. In Malaysia,
consumers place great value on social responsibility and community-driven efforts, and
this emotional connection is even more important [49]. Fast-food chains can leverage these
values to increase customer loyalty and influence certain behaviors which are environmen-
tally sustainable. In the end, this emotional engagement is crucial to cementing the brand’s
position not as a manufacturer of goods, but as a partner in the journey towards Malaysia’s
national sustainability goals.

Such a bond motivates customers to support the sustainability commitment of the
brand and to adopt behaviors matching its environmental values. This relationship is
supported by BRT, as strong affective responses are triggered by emotional reasons (e.g.,
feeling valued by the brand or noticing the brand’s concern for the issues of society) that
lead customers to act in a manner consistent with the brand’s mission. Reducing food
waste may not only be a rational choice for customers, but it may also be a moral obligation
driven by the relationship they want with the brand. These reasons are then internalized as
they reinforce customers’ commitment to behave in a waste-reducing manner and over-
all commitment to sustainability [44]. As a result, emotional attachment via communal
engagement is an important mechanism through which social media advertising impacts
intentions to encourage customers to translate positive perceptions of the brand’s initiatives
into pro-environmental actions. Additionally, emotional reasons stemming from engage-
ment with the community can offer social validation when customers believe they are
exposing their support for the brand’s values and this reflects positively on how they are
perceived by others. This reinforcement actually reinforces their intent to avoid wasting
food. Based on this rationale, we propose the following hypotheses:

H2. Social media food waste advertising by retail fast-food chains positively influences customer—
brand communal engagement.

H3. Customer—brand communal engagement positively influences fast-food customers’ intentions
not to waste food.

H4. Customer—brand communal engagement mediates the relationship between social media food
waste advertising and customers’ intentions not to waste food.

Social media advertising plays a significant role in raising customers’ awareness
of important social and environmental issues such as food waste [39] because it greatly
determines the customers’ cognitive perceptions of it. This kind of advertising also helps
customers understand the consequences of food waste on the environment and society [17].
By providing factual information, visuals and real-world statistics, customers re-evaluate
their consumption habits and their behavior towards responsible consumption, as the level
of cognitive recognition of the issue increases [50]. This is because cognitive engagement is
important in that it gives customers solid reasons to support sustainability initiatives and
conduct themselves responsibly [51]. Greater awareness of the consequences of food waste
has a large influence on customer intentions to avoid food waste. According to research,
awareness makes a person more likely to have a strong intention to reduce waste [52].
Customers who are aware of the environmental and social consequences of their choices will
be more likely to make conscious choices (e.g., eating smaller portions, not over-ordering),
which will reduce landfill use and greenhouse gas emissions [53]. Consequently, it is an
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important driver since it constitutes the cognitive framework for responsible consumption
choices. This cognitive pathway is supported by BRT because the person’s reasons for
behavior are built from beliefs and awareness of the consequences of that behavior [34]. In
this respect, customers know the consequences of food waste and have rational reasons to
prevent waste considering the whole picture of their activities. Motivational forces that
comprise rational reasons are persuasive advertising that leads to responsible consumption
behaviors consistent with the customers” knowledge and beliefs [54].

Food waste has become a serious environmental and social issue in Malaysia, where
social media campaigns to raise awareness are critical [55]. The Malaysian population
is becoming increasingly exposed to the negative consequences of food waste on the en-
vironment, greenhouse gas emissions and depletion of natural resources due to the fact
that approximately 16,000 tons of food are lost daily [56]. Fast-food chains have an ideal
social media platform to execute targeted campaigns to educate consumers on the need for
food waste reduction, leveraging real-time data and visual content to prompt customers to
reconsider their consumption behaviors. Fast-food chains can use social media to dissemi-
nate localized information regarding the specific impact of food waste in Malaysian urban
areas and thereby enhance consumers’ cognitive engagement with the issue. In addition,
these campaigns not only explain to customers what the broader global impacts of the
problem are but also tailor the message to reflect Malaysia’s context, which makes the
problem feel more immediate and relevant. According to BRT, the idea is to give consumers
rational reasons to act, such as knowing the environmental damage that accompanies food
waste, to increase their consumption intentions for responsible consumption behaviors. In
Malaysia, where there are rising government initiatives, societal awareness of sustainability
and these rational reasons are even more compelling when these are delivered through
platforms that the Malaysian population is used to using. In addition, social media cam-
paigns in Malaysia quite often show brands working together with local communities
through campaigns like food banks and reducing landfill waste [57]. Connecting fast-food
brands’ factual awareness with these tangible local efforts will not only help in creating a
greater cognitive impact on fast-food brands’ campaigns but also in making consumers
internalize the significance of food waste reduction. Social media advertising aligned with
local sustainability initiatives offers Malaysian customers stronger rational motivations to
change their behavior, consistent with the cognitive pathway described in BRT.

We argue that the relationship between customers’ intention not to waste food and
social media food waste advertising is mediated by awareness of consequences. Awareness
campaigns on the harmful effects of food waste have provided strong reasons for behavior
change [17]. These relate the brand’s advertising to customers’ behavioral intentions and
the role of knowledge in advertising to action. We integrate awareness as a mediating
mechanism in association with emotional engagement to explain how social media adver-
tising influences behavior. BRT serves as a valuable lens to understand how social media
food waste advertising influences customer intentions via cognitive perceptions. Social
media serves as a stimulus and makes the customers conscious of reasons to reduce food
waste. These reasons are behind very strong intentions not to waste food and mediate the
effect of advertising on behavior through its alignment with brand values. This integration
highlights the role of cognitive processes in driving customer behavior along with the
emotional pathway of customer and brand communal engagement. Based on this rationale,
we propose the following hypotheses:

HS5. Social media food waste advertising by retail fast-food chains positively influences awareness
of food waste consequences.

H6. Auwareness of food waste consequences positively influences fast-food customers’ intentions not
to waste food.
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H7. Awareness of food waste consequences mediates the relationship between social media food
waste advertising and customers’ intentions not to waste food.

Core values underpin attitudes, guide responses to stimuli and determine behavioral
intentions [58,59]. Perceptions of desirability and behavior are driven in specific contexts by
them [60,61]. Individuals process information more deeply when the messages correspond
to personal values and may change their behavior as a result [62]. Altruism (or a selfless
concern for others) is a key personal value that greatly influences consumer behavior [63]
in the context of sustainability and food waste reduction. Ferguson et al. [18] show that
altruistic individuals are more willing to engage in behaviors that benefit society and the
environment at a personal cost. They are more responsive to social media messages that
discuss social and environmental responsibility. Altruistic customers respond dramatically
to social media ads that communicate a brand’s dedication to reducing food waste, as it
is a way they can contribute to the greater good [64]. Consequently, we hypothesize that
altruism will moderate the relationship between social media food waste advertising and
customer-brand communal engagement and awareness of the consequences of food waste
and will, ultimately, influence customer intentions not to waste food. Because altruism
plays a role, it is expected that altruistic customers will react more to social media food
waste advertising by creating a stronger emotional connection to the brand. If they ob-
serve that the brand shares their values and acts as a socially responsible entity, they are
likely to have strengthened emotional bonds. The heightened engagement of customers
to support the brand’s sustainability initiatives makes them support the brand’s sustain-
ability initiatives and increase the effect of social media advertising on their behavioral
intentions [42]. It is also expected that altruism will moderate the effect of social media
advertising on awareness of food waste consequences. Altruistic customers are more likely
to cognitively engage with messages about the negative impacts of food waste, and as
a result, reflect on how their behaviors affect society and the environment [65]. Process-
ing these ads more in depth makes them more aware of factual information about food
waste, and more receptive to this information, and results in stronger intentions to reduce
waste. As a result, altruism is a significant factor in increasing emotional and cognitive
engagement with sustainability-oriented social media advertising. This study considers
altruism’s moderating role to shed light on how personal values interact with external
cues, such as social media advertising, and influence behavior. In the context of BRT,
altruism becomes a reason to motivate action in accordance with the brand’s values, either
by emotional affiliation or cognitive understanding [66]. More altruistic customers have
stronger emotional and cognitive responses to social media food waste advertising, leading
to more robust intentions to cut food waste. The blending of emotional and cognitive
pathways to influence pro-environmental behavior underscores the role of personal values
in guiding pro-environmental behavior and supplies guidance for the design of effective
social media campaigns. According to this rationale, we propose the following hypothesis:

HS. Altruism moderates the indirect effect via customer—-brand communal engagement (H8a), and
altruism moderates the indirect effect via awareness of food waste consequences (H8b).

The conceptual model of this study is given in Figure 1.
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Figure 1. Hypothetical model showing the relationships between the study variables. Social media
food waste advertising (SMFWA) is the independent variable (IV) and intention not to waste food
(INTNF) is the dependent variable (DV). The model includes two mediators: customer-brand
communal engagement (CBCE) and awareness of food waste consequences (AWFC). Fast-food
customers’ altruism (FFCA) is the moderator.

3. Material and Methods
3.1. Participants and Data Collection Procedure

This study collected data from customers of retail fast-food chains in three major
Malaysian cities: Penang, Kuala Lumpur and Johor Bahru. The locations were due to their
high concentration of fast-food outlets and diverse demographics, which is representative
of Malaysia’s urban population. As a hub of commercial activity, and a prime spot for fast
food, Kuala Lumpur, the capital city, is a good place to observe the fast-food scene. With a
reputation for rich tourism and a food culture that is so lively, Penang has a mix of local
and international customers. Due to its proximity to an international market, Johor Bahru,
near the Singaporean border, gives us insights into cross-border consumer behavior. In
the process of data collection, our study sampled fast-food customers from three major
Malaysian cities: Kuala Lumpur, Penang, and Johor Bahru. These cities were chosen for
their diverse demographics and significant fast-food consumption. While Johor Bahru is
known for its cross-border flow of visitors from Singapore, our study did not explicitly
distinguish between local residents and foreign tourists in the analysis. The primary objec-
tive was to assess the general consumer behavior towards food waste reduction, regardless
of the origin of the customers. This study utilized a convenience sample of fast-food
customers. Data were collected using the paper-pencil method, with self-administered
questionnaires distributed to respondents at fast-food outlets during non-peak hours. In
this study, we did not limit our analysis to a specific social media platform. Instead, we
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focused on the general use of social media by fast-food chains to engage customers in
sustainability initiatives. This approach was chosen because fast-food brands commonly
use multiple platforms (e.g., Facebook, Instagram, Twitter) to reach a broad and diverse
audience. Each platform offers distinct features that contribute to creating awareness and
promoting behavioral change regarding food waste, making a general focus on social media
more representative of the industry’s practices. Potential respondents were approached
by trained research assistants at popular fast-food outlets such as McDonald’s, KFC and
Subway during non-peak hours in order to minimize disruption. The participants were
briefed on the objectives of this study and promised anonymity, and participated voluntar-
ily. Strict ethical considerations were followed, with the participants being informed that
their data would be used for academic purposes only and that they were free to withdraw
at any time without any consequences. Data collection was approved by the research ethics
committee of the lead author’s institution. Using Cochran’s formula, 400 respondents
were considered adequate for this study. Since survey research is likely to result in low
response rates, 700 questionnaires were distributed. There were 468 returns out of the
700 questionnaires. After screening for completeness and accuracy, some questionnaires
were excluded because of incomplete answers or repetitive response patterns suggesting
possible bias. Finally, 422 were retained as valid for data analysis, which was the recom-
mended sample size and guaranteed the reliability and validity of the findings. Table 1
provides an overview of the socio-demographic characteristics of the respondents.

Table 1. Socio-demographic details of respondents.

Variable Category Frequency Percentage (%)
Gender Male 215 50.9
Female 200 47.4
Other/prefer not to say 7 1.7
Age Group Under 18 10 24
18-25 132 31.3
26-35 140 33.2
3645 85 20.1
46-55 45 10.7
56 and above 10 24
Highest Educational Level Primary school 5 1.2
Secondary school 60 14.2
Diploma 75 17.8
Bachelor’s degree 180 42.7
Master’s degree or higher 102 24.2
Frequency of Visits Rarely 45 10.7
Occasionally 110 26.1
Frequently 157 37.2
Very frequently 110 26.1

3.2. Measures

Variables were measured using established scales on a five-point Likert scale from 1
(Strongly Disagree) to 5 (Strongly Agree), chosen for high reliability and validated through a
pilot test with 50 respondents [67]. The main variable, social media food waste advertising,
was measured with four items from the work of Herman et al. [68] to capture how fast-
food chains promote food waste reduction (e.g., “The retail fast-food chains I patronize
frequently remind customers on social media to minimize food waste”). Customer-brand
communal engagement was assessed using seven items based on the work of Song et al. [16]
and Aggarwal [69], reflecting emotional bonds with brands engaged in pro-environmental
activities (e.g., “This retail fast-food chain cares for me as a valued customer”). Awareness
of food waste consequences was measured with four items from Attiq et al. [17] who
modified the scale of Davies et al. [70] from the perspective of food waste, assessing
customers’ understanding of food waste’s impact (e.g., “I consider reducing food waste
at the retail fast-food chains I visit to be a major way to reduce pollution”). Altruism
was evaluated using four items from the work of Ferguson et al. [18] to measure support
for environmentally friendly practices (e.g., “By choosing eco-friendly options at retail
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fast-food chains, I would be fulfilling my duty to society”). Lastly, customers” intentions
not to waste food were measured using four items from the work of Bell and Ulhas [71],
focusing on efforts to minimize waste at fast-food chains (e.g., “I try not to throw away any
food at the retail fast-food chains I patronize”).

To address potential common method bias, procedural and statistical techniques
were employed. Questionnaire items were presented in random order to prevent pattern
detection, reducing artificial covariation. Anonymity and confidentiality were emphasized
to encourage honest responses without fear of judgment. To mitigate social desirability bias,
the items were worded neutrally. Statistically, Harman's single-factor test was conducted
to assess common method variance. The results indicated that the maximum variance
explained by a single factor was 32.33%, which is indicative that no single factor accounted
for most variance, suggesting common method bias was not a significant concern [72,73].
Although skewness and kurtosis can be useful to assess normality and decrease the risk of
common method bias (CMB), we employed other robust techniques to deal with CMB. In
particular, we deployed procedural remedies that have been found to reduce the risks of
CMB, including respondent anonymity and varying scale formats. We also ran Harman's
single factor test and found that CMB was not a concern in this dataset. Thus, while
skewness and kurtosis were not included, the measures undertaken were sufficient to
address any CMB.

These steps ensured the validity and reliability of the responses, providing a more
accurate assessment of the relationships between variables.

4. Results

Data analysis was conducted using Structural Equation Modeling (SEM) with Smart-
PLS 3.0 software, chosen for its ability to test complex models with multiple constructs
and handle latent variables and moderating effects [74]. PLS-SEM is a variance-based
method that is particularly suitable for predictive modeling and complex models with
latent constructs. This methodology is suitable for studying behavioral intentions [75] that
are a function of different cognitive and emotional factors, and, in this way, it allows us to
simultaneously estimate the relationships between different exogenous (independent) and
endogenous (dependent) variables. In our model, the exogenous variable (independent
variable) that predicts other constructs in the model is social media food waste advertising.
Variables that are influenced by other constructs, such as customer intentions not to waste
food, are endogenous [76,77]. In addition, we include mediator variables (awareness of food
waste consequences and customer-brand communal engagement) and a moderator variable
(altruism). A mediator variable explains the mechanism through which an independent
variable affects a dependent variable, and a moderator variable modifies the nature and
strength of that relationship [78,79]. Using a reflective measurement model (i.e., the
latent constructs are indicated by their observed measures), we use a dimensional model
to express the interrelationships between different latent constructs. The indicators of
each latent variable (awareness of food waste consequences; customer—brand communal
engagement) reflect the latent variable. By using this approach, the measurement model
captures the constructs well [80]. Several model fit indicators were used in order to assess
the fit of our PLS-SEM model, such as the Normed Fit Index (NFI) and the Standardized
Root Mean Square Residual (SRMR). The NFI is used to compare the model’s fit with
a null model and values closer to 1 reflect a better fit. The threshold of 0.90 typically
recommended in the literature was met with an NFI of 0.91 in this study [81,82]. A good
model fit was observed with the SRMR value of 0.065, which is lower than the acceptable
threshold of 0.08. Other fit criteria, combined with these indicators, assure us that our
model is in good enough shape for the data and that our results are robust.

The results are presented in Table 2, showing factor loadings, composite reliability,
average variance extracted (AVE), and R-square values for each construct. Abbreviations
used include social media food waste advertising (SMFWA), awareness of food waste
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consequences (AWFC), customer-brand communal engagement (CBCE), and fast-food
customers’ intentions not to waste food (FFCINWF).

Table 2. Quality statistics of the measurement model.

Variable Item Statement Factor Loading CR AVE R Square

AWEFC 0.912 0.722 0.733
I consider reducing food waste at the retail fast-food chains I

o . . 0.858

visit to be a major way to reduce pollution.
I believe that reducing food waste at the retail fast-food

. : . 0.861
chains I patronize creates a better environment.
I believe that reducing food waste at the retail fast-food

. o ) . 0.855
chains I visit is a major way to reduce landfills.
I consider reducing food waste at the retail fast-food chains I 0.824
visit to be a major way to conserve resources. ’

CBCE 0.930 0.656 0.675
I would have warm feelings whenever I think of this retail

. 0.748
fast-food chain.
This retail fast-food chain cares for me as a valued customer. 0.706
This retail fast-food chain offers assistance when I have
. . 0.783
issues with orders.
I'would miss this retail fast-food chain if I had to switch

0.878

to another.
This retail fast-food chain treats me with special attention. 0.865
This retail fast-food chain appreciates customers like me. 0.863
I care about my relationship with this retail fast-food chain. 0.812

FFCA 0.954 0.839
By choosing eco-friendly options at retail fast-food chains, I 0.910
would be fulfilling my duty to society. '

By supporting environmentally conscious fast-food chains, I
. 0.922

would be helping others.
By opting for sustainable choices at fast-food chains, I

. . 0.913
contribute to future generations.
I believe the world would be better if everyone chose

. . 0.918
sustainable fast-food options.

FFCINF 0.982 0.915 0.676
I try to eat all the food I order at fast-food chains. 0.952
I try not to throw away any food at fast-food chains. 0.967
I try to produce minimal food waste when dining at

. 0.964
fast-food chains.
I try to leave as little food as possible when dining at

. 0.953
fast-food chains.
Iintend not to leave any edible food at fast-food chains in the 0.947
coming weeks. '

SMFWA 0.936 0.787
The fast-food chains I patronize remind customers to

L . . 0.774
minimize food waste on social media.
The fast-food chains I patronize clearly communicate

; . . 0.927

messages about reducing food waste on social media.
The fast-food chains I patronize showcase innovative ways to

S . . 0.936
minimize food waste on social media.
The fast-food chains I patronize use effective slogans to 0.903

promote food waste reduction.

All items have significant factor loadings above 0.7, confirming strong convergent
validity. The composite reliability values exceed 0.7 [83,84], ensuring internal consistency,
while the AVE values above 0.5 indicate satisfactory variance explained for each con-
struct [75,85]. The R-square values show the amount of variance explained by independent
variables for each endogenous construct. The criteria used for analysis were based on
relevant research. In marketing research, an R? value of 0.50 or higher is considered sub-
stantial [86,87]. This threshold was used for evaluating the predictive power of the model.
The evaluation criteria, including composite reliability and AVE, follow established stan-
dards in the field. The analysis reveals that SMFWA significantly influences both AWFC
and CBCE, highlighting the impact of social media campaigns in driving cognitive and
emotional responses. SMFWA explains 73.3% of the variance in AWFC and 67.5% in CBCE,
indicating substantial explanatory power.
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To ensure that each construct in the model is distinct and measures unique aspects
of the respondents’ perceptions and behaviors, discriminant validity was assessed using
both the correlation matrix (Table 3a) and the Heterotrait-Monotrait Ratio of Correlations
(HTMT) (Table 3b). First, the Fornell and Larcker [88] criterion was applied, which requires
that the square root of each construct’s AVE be higher than its correlations with any
other construct. Additionally, HTMT values were calculated, with values below 0.85
indicating sufficient discriminant validity. The correlation matrix presents relationships
between constructs, with the square root of each construct’s AVE shown along the diagonal.
Discriminant validity is confirmed when this value is greater than its correlations with
other constructs, indicating that each construct is distinct in what it measures [89,90]. For
example, if the square root of the AVE for SMFWA exceeds its correlation with AWFC or
any other construct, it confirms that SMFWA captures a unique aspect. Table 3 provides
more detail.

Table 3. (a) Fornell-Larcker Criterion Matrix. (b) HTMT Matrix.

(@)

Variable AWEFC CBCE FFCA FFCINF SMFWA
AWEC 0.85
CBCE 0.401 0.81
FFCA 0.341 0.448 0.916

FFCINF 0.311 0.423 0.382 0.956

SMFWA 0.437 0.417 0.392 0.422 0.887

(b)

Variable AWFC CBCE FFCA FFCINF SMFWA
AWEC -
CBCE 0.806 -
FFCA 0.613 0.815 -

FFCINF 0.663 0.738 0.504 -

SMFWA 0.711 0.551 0.637 0.621 -

The hypothesis results reveal significant relationships within the proposed model.
For H1, SMFWA positively influences FFCINF (3 = 0.115, t = 2.043, p = 0.041), indicating
that targeted social media campaigns can directly impact customer intentions to reduce
waste. H2 shows that SMFWA significantly affects customer-brand communal engagement
(CBCE) ( = 0.383, t =7.925, p < 0.001), suggesting that social media ads create emotional
bonds by demonstrating the brand’s commitment to sustainability. H3 confirms that CBCE
positively influences FFCINF (3 = 0.190, t = 3.128, p = 0.001), indicating that stronger
emotional attachment motivates customers to align their behaviors with the brand’s values
and reduce food waste. For H5, SMFWA has a substantial positive effect on AWFC
(B =0.653,t=16.022, p <0.001), highlighting the role of social media in enhancing customers’
understanding of food waste. H6 is supported, as AWFC significantly influences FFCINF (3
=0.562, t =7.715, p < 0.001), demonstrating that customers with greater awareness are more
likely to minimize food waste. Regarding mediation hypotheses H4 and H7, both CBCE and
AWEC are significant mediators. The indirect effect of SMFWA on FFCINF through CBCE
is significant ($ = 0.073, t = 2.778, p = 0.006), showing that emotional engagement mediates
the relationship between social media advertising and customer intentions. Similarly, the
indirect effect through AWEC is significant ( = 0.367, t = 5.793, p < 0.001), indicating
that increased awareness is a key cognitive pathway through which SMFWA influences
intentions. Specifically, the analysis of the mediator effect showed that the indirect effect
of awareness of food waste consequences (AWFC) (3 = 0.367) was considerably stronger
than others’. The finding that increasing awareness of the consequences of food waste
affects customers’ intention not to waste food indicates that food waste awareness increases.
Although social media food waste advertising has a significant strong indirect effect through
AWFEFC rather than a direct effect on customer behavior, the effect is still significant. This
is especially pertinent to the indirect effect of AWFC, which emphasizes the need for
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informational campaigns to engage customers emotionally, but also cognitively increase
their understanding of food waste in a broader sense. This finding suggests that in order to
achieve more effective behavioral change, fast-food chains need to focus on educational
content that would raise awareness among customers in their social media campaigns.
Table 4 summarizes these results, while Figure 2 presents the full structural model of this
study.

Table 4. Hypotheses’ validation.

. Beta i Bias Corrected  Bias Corrected
Hypothesis Coefficient S.D t-Statistics p-Values Lower CI Upper CI Result
H1: SMFWA — FFCINF 0.115 0.056 2.043 0.041 0.009 0.226 Supported
H2: SMFWA — CBCE 0.383 0.048 7.925 0.000 0.288 0.485 Supported
H3: CBCE — FFCINF 0.19 0.061 3.128 0.001 0.082 0.312 Supported
H5: SMFWA — AWEFC 0.653 0.041 16.022 0.000 0.563 0.729 Supported
H6: AWFC — FFCINF 0.562 0.073 7.715 0.000 0.403 0.684 Supported
H4: SMFWA — CBCE
s FFCINF 0.073 0.026 2.778 0.006 0.033 0.133 Supported
H7: SMFWA — AWFC
s FFCINF 0.367 0.063 5.793 0 0.24 0.479 Supported
H8a: Moderating Effect 1 —
AWFC —> FFCINF 0.056 0.015 3.656 0 0.025 0.082 Supported
H8b: Moderating Effect 2 — Not
CBCE s FECINF 0.015 0.008 1.897 0.059 —0.004 0.032 Supported
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Figure 2. The structural model.
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5. Discussion

Our findings reveal that social media food waste advertising positively impacts fast-
food customers’ intentions not to waste food (3 = 0.115, p = 0.042), demonstrating that
social media is an effective channel for promoting sustainable behaviors. This aligns with
previous research indicating social media’s influence on consumer behavior through com-
pelling messaging [40]. This study finds results which corroborate the previous research
which stated that social media campaigns can influence consumer behavior regarding
sustainability. Persuasive messaging and interactive content on Facebook and Instagram
platforms can dramatically boost consumer awareness of pro-environmental behaviors [37].
Our results also show that social media food waste advertising is a successful means to
encourage consumers to adopt responsible consumption behavior. While there are some
differences, one important distinction is that in the Malaysian context, awareness cam-
paigns focus on emotional and cognitive engagement through messages, which might
be more impactful given the cultural emphasis on food. This reflects a critical differ-
ence in terms of psychological factors compared to other contexts, for example, Western
countries, where individualism might moderate the effect of such campaigns [91]. Thus,
these findings help to explain the ways in which cultural context influences consumer
responses to sustainability messaging. However, the modest strength of this direct effect
suggests that its impact is significantly enhanced when emotional and cognitive factors are
also considered.

The mediation analysis uncovers two key pathways. First, there is a strong positive
relationship between social media food waste advertising and awareness of food waste
consequences (3 = 0.653, p < 0.001), highlighting the campaigns’ effectiveness in enhancing
customers’ understanding of environmental and social impacts. The indirect effect of
awareness of food waste consequences on intentions to reduce food waste is highly signifi-
cant in the Malaysian context, indicating the importance of raising awareness as a strong
driver of behavioral change. This result is consistent with research in other Southeast Asian
countries where food waste is a growing concern [92], and where campaigns to promote
food waste reduction have been effective. Yet, this study extends the literature by showing
how social media can be used by fast-food chains to incorporate educational content into
their brand strategies. Awareness is apparently more influential in pro-environmental
intentions in Malaysia; the psychological factors in Malaysia, including the collectivist
nature of the society and the cultural implication of not wasting food, seem to reinforce
awareness’s influence on pro-environmental intentions.

This cognitive pathway is crucial, as increased awareness leads to stronger inten-
tions to reduce food waste ( = 0.562, p < 0.001). This underscores the importance of
educational content and factual information in driving behavioral change, consistent with
studies emphasizing awareness in promoting pro-environmental behaviors [46,54]. Second,
customer-brand communal engagement significantly mediates the relationship between
social media advertising and customers’ intentions not to waste food (f = 0.073, p = 0.006).
Social media campaigns that showcase a brand’s commitment to sustainability foster emo-
tional bonds, encouraging customers to align their behavior with the brand’s values. The
positive effect on customer-brand communal engagement (3 = 0.383, p < 0.001) demon-
strates that highlighting shared values strengthens emotional attachment [17]. While both
mediators are significant, awareness of food waste consequences has a stronger impact on
intentions than communal engagement, emphasizing the critical role of cognitive factors in
shaping behavior within food waste reduction.

The moderating effects of customers” altruism offer further insights. Altruism sig-
nificantly enhances the indirect effect of social media advertising on intentions through
awareness of food waste consequences (3 = 0.056, p < 0.001), suggesting that altruistic
customers are more receptive to cognitive aspects of advertising. However, altruism does
not significantly moderate the effect through customer-brand communal engagement
(B =0.015, p = 0.059), indicating limited impact on the emotional pathway. This implies
that while altruistic individuals respond more to cognitive messages, their altruism does
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not notably affect emotional engagement with the brand. The novelty of this study is
in its integration of both emotional and cognitive pathways in understanding consumer
behavior being taken through the lens of BRT. Cognitive factors like awareness have been
studied in prior research, but what remained under-explored is the emotional variables,
like communal engagement, that a fast-food chain can utilize to create stronger emotional
bonds with their customers. This dual focus is part of a growing body of literature on
sustainability and food waste reduction and complements previous research by demon-
strating that emotional engagement, through the sense of community, can be as important
as cognitive awareness in promoting pro-environmental actions. Our results also matter for
fast-food brands in Malaysia. Strong emotional connections induced by customer—brand
communal engagement offer a chance for brands to build stronger relationships with
consumers by promoting shared values in terms of sustainability. The cultural emphasis on
community and collectivism may make this connection even more important in Malaysia.
For this reason, emotional and cognitive appeals should continue to be leveraged in brands’
sustainability messaging to drive long-term behavioral change.

In sum, these findings align with BRT, which posits that behavior is driven by rational
and emotional reasons. The cognitive pathway captures rational reasons for reducing food
waste, while the emotional pathway reflects affective motivations. The role of altruism
supports BRT, showing that altruistic customers are more influenced by rational considera-
tions (awareness) than emotional ones (communal engagement). Integrating emotional and
cognitive pathways, along with personal values, provides a comprehensive understanding
of how social media advertising shapes intentions not to waste food. This offers valuable
theoretical and practical implications for designing effective sustainability campaigns in
the fast-food industry.

5.1. Theoretical Implications

This research extends our understanding of how social media advertising can influence
customer behavior through dual pathways, cognitive and emotional engagement, offering a
sophisticated perspective on the psychological mechanisms underlying pro-environmental
behavior. By integrating BRT, this study demonstrates how social media food waste
advertising shapes customers’ intentions not to waste food through the formation of
both rational reasons (awareness of food waste consequences) and emotional reasons
(customer-brand communal engagement). This dual-pathway approach advances the
existing literature, which often focuses on cognitive or emotional factors in isolation, by
illustrating the simultaneous and distinct roles of these dimensions in influencing behavior.

Additionally, the incorporation of fast-food customers’ altruism as a moderator en-
riches the application of BRT by showing how personal values can amplify the cognitive
pathway. This finding challenges the notion that personal values uniformly affect all
types of reasoning, suggesting instead that altruism has a more pronounced impact on
cognitive responses while having a limited effect on emotional engagement. As such,
this study provides a more comprehensive framework for understanding the complex
interplay between social media advertising, cognitive and emotional factors, and per-
sonal values, contributing to the broader fields of consumer behavior and environmental
psychology. These insights lay a foundation for future research to explore additional per-
sonal and contextual factors that may moderate the effectiveness of sustainability-focused
campaigns, thereby expanding the theoretical scope of BRT in the context of sustainable
consumer behavior.

From a social media perspective, this research underscores the critical role of digital
platforms in shaping consumer perceptions and behaviors towards sustainable consump-
tion, particularly in food waste reduction. This study highlights social media’s unique
strengths, engaging users through interactive content, facilitating two-way communica-
tion, and rapidly disseminating information, making it an ideal medium for promoting
pro-environmental behaviors. Our findings show that social media food waste advertising
can enhance both cognitive and emotional engagement, providing brands with a powerful
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tool to not only inform customers about sustainability issues but also establish a sense of
communal responsibility. The dual pathways identified in this study suggest that social
media content can be strategically designed to address both rational and emotional aspects
of customer behavior, thereby making campaigns more impactful. By illustrating how
social media advertising can foster awareness and build emotional bonds, this research
contributes to the growing body of literature on digital marketing and social media’s role
in promoting sustainable behaviors.

5.2. Practical Implications

The results of this research can help retail fast-food chains that want to use social
media advertising to promote sustainable consumption behaviors. We find that social
media campaigns can have a strong effect on customers’ intentions not to waste food by
increasing customers’ cognitive understanding and emotional connection to the brand.
Fast-food chains should make content that educates customers about the consequences
of food waste and conveys shared responsibility in order to have the maximum impact.
For example, by combining real-world statistics with emotionally engaging narratives,
such as stories of food donation initiatives, it is possible to effectively influence customers’
knowledge and emotions. It is this dual approach that makes customers more open to
pro-environmental behaviors that are in line with the sustainability goals of the brand.
Social media should be the tool fast-food chains use to promote transparency and pro-
mote awareness of their sustainability efforts. Customers can be made more aware and
intentional about not wasting food by sharing how the brand reduces food waste through
operational efficiencies, partnerships with food banks, or innovative packaging. Interactive
features such as polls, quizzes, and challenges can help engage audiences in discussions
about food waste reduction and make the issue more relatable and easier to understand.
Customer-brand communal engagement is emphasized by emphasizing the brand’s social
and environmental commitments. Campaigns communicating shared values such as reduc-
ing environmental footprint or supporting communities strengthen emotional bonds with
customers. This engagement, in turn, encourages customers to harmonize their behavior
with the brand’s sustainable practices. For example, working with environmental groups
to demonstrate collaborations can make the brand a sustainability partner, promoting
customers to be pro-environmental. The role of altruism should also be considered and
fast-food chains should design their social media messages to attract altruistic customers.
Content that highlights the societal benefits of reducing food waste, such as reducing food
insecurity or pollution, can be very impactful, leading to stronger behavioral intentions.
Segmenting campaigns by customer values to tailor messages increases overall effective-
ness. So, in short, fast-food chains should develop a complete social media strategy that
includes educational and emotionally appealing content to raise awareness about food
waste. They can better influence intentions not to waste food by addressing cognitive and
emotional dimensions and aligning messages with customers’ values. This helps with
sustainability goals and reinforces the brand’s image as a socially responsible one.

Moreover, this study has important implications for fast-food chains interested in
increasing their sustainability efforts through social media advertising. There are existing
campaigns, such as McDonald’s, that have already shown what can be carried out by
using social media to encourage food waste reduction. For instance, McDonald’s has
run campaigns to urge responsible consumption and promote sustainability. While these
efforts are a good start, there are other ways to integrate new and innovative parts into
such campaigns. The integration of educational content that displays awareness of food
waste consequences is one area for improvement. We found that awareness is a critical
driver of behavioral change. To take those efforts further, fast-food chains could build
on existing efforts, using interactive tools such as real-time data on food waste reduction,
gamification techniques to engage customers, or partnerships with local food banks to
illustrate the tangible impacts of waste reduction. Furthermore, campaigns should aim to
deepen rooted emotional ties via customer-brand communal engagement by telling stories
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of the brand’s involvement in the community and reaffirming the brand’s commitment to
sustainability, as our findings indicate that this is important to inform consumer behavior.
In addition, fast-food chains in a crowded market can differ from their competitors by
incorporating cognitive and emotional appeals that reach both rational awareness and
communal values. Existing campaigns have made progress in boosting sustainability, but
can do much more by personalizing messages, providing localized content and customer
testimonials to enhance emotional engagement and responsibility with consumers.

5.3. Limitations and Future Research Directions

Despite its valuable insights, this study has limitations. First, since it was conducted
within Malaysia’s retail fast-food sector, the findings may not generalize to other cultural
or regional settings. Customer perceptions and responses to social media advertising can
vary due to cultural, economic, and social differences. Future studies should replicate this
research in diverse contexts to test the model’s applicability or adapt it to different markets.
Second, relying on cross-sectional data limits our ability to establish causal relationships.
While integrating emotional and cognitive pathways enhances understanding of how social
media food waste advertising influences customer behavior, longitudinal studies could
offer deeper insights into how these impacts evolve over time and whether intentions lead
to sustained behavioral changes. Experimental designs could also isolate the effects of
different types of social media content on engagement and behavior, providing stronger
evidence of causality.

Third, this study focuses on specific psychological constructs, awareness of food waste
consequences and customer-brand communal engagement, as mediators between social
media advertising and behavioral intentions. While these variables provide valuable in-
sights, other constructs like perceived social norms, moral obligations, or environmental
concerns may also influence customer behavior. Future research could explore these addi-
tional mediators to gain a more comprehensive understanding of the factors influencing
pro-environmental behaviors in response to social media advertising. Another limitation
is the reliance on self-reported data, which may be susceptible to social desirability bias.
Although measures were taken to mitigate this, such as ensuring anonymity and including
attention-check questions, future studies could combine self-reported and behavioral data
to validate the findings. Observing actual food waste behaviors in a controlled setting
could provide more objective evidence of the effectiveness of social media advertising.
Lastly, one of the major limitations of this study is the absence of separation between locals
and foreigners, especially in Johor Bahru, due to a lot of cross-border tourists. This study
contributes valuable information on overall consumer behavior in the fast-food sector
in Malaysia, yet further research should segment respondents according to their origin.
Consequently, this will enable a more thorough comprehension of how local versus foreign
consumers react to social media food waste campaigns and become involved with sustain-
ability undertakings. This distinction could inform more targeted strategies to promote
pro-environmental behaviors in diverse consumer groups.

6. Conclusions

This paper integrates both cognitive and emotional pathways within a behavioral
reasoning framework for a comprehensive examination of how social media food waste
advertising can affect fast-food customers” intentions not to waste food. We found that
social media food waste advertising has a direct positive effect on customer behavioral
intentions, and has significant indirect effects on customer behavioral intentions via in-
creased customer awareness of food waste consequences and customer—brand communal
engagement. These dual pathways show that social media campaigns seeking to promote
sustainable consumption practices should be designed to address both the rational and
emotional aspects of customer behavior. Furthermore, customers’ altruism moderates the
effectiveness of these advertising efforts, indicating an important role of personal values
in influencing the effectiveness of these efforts, particularly by magnifying the cognitive
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engagement of customers with higher levels of altruism. In general, this study adds to
the literature by showing how social media can be used as an effective platform to drive
customer behavior toward food waste reduction in the retail fast-food sector. Practical
recommendations are provided for fast-food chains to create social media messages that
educate and emotionally connect with customers while simultaneously persuading them
to engage in pro-environmental behaviors. This research bridges the gap between theory
and practice to enhance the theoretical understanding of the effects of social media adver-
tising on customer behavior, and to provide actionable insights for businesses seeking to
achieve alignment between marketing strategy and sustainability objectives. Given the
world’s struggles with food waste, this study demonstrates the potential of social media to
contribute to a more sustainable food consumption culture.
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Abstract: (1) Background: Globally, millions of tons of food are wasted annually, with a significant
portion occurring at the household level. This study aimed to quantify food waste generated by
university students and identify key factors associated with this behavior. (2) Methods: A cross-
sectional study was conducted in a community trial involving 227 Colombian university students.
Participants self-reported their daily food waste (grams per person per day), as categorized by food
type, which was collected through an online-based questionnaire under prior training. The data
were analyzed using a binomial regression model to calculate adjusted prevalence ratios (PRaj) and
identify associations between food waste and demographic variables. (3) Results: Of the participants,
63% were women, with a mean age of 20.4 & 3.8 years. Overall, 65% (n = 148) reported food wastage.
The average food waste per person per day was 22.6 + 15.5 g, increasing to 94.0 & 5.0 g among those
who reported wastage. Significant associations were found between food waste and several factors:
Among those with a higher prevalence of food waste were women (PRaj = 1.49; 95% CI: 1.19, 1.89);
students from rural areas (PRaj = 1.39; 95% CI: 1.15, 1.67); and those with higher income levels, with
adjusted prevalence ratios of 1.38 (95% CI: 1.14, 1.68) for those earning 1-2 Minimum Legal Monthly
Wages (LMMW) and 1.49 (95% CI: 1.15, 1.93) for those earning 3+ LMMW. Household size and
socioeconomic status were not significantly associated with food waste (p > 0.05). (4) Conclusions:
On average, the population generates 8.25 kg of food waste per person per year, rising to 34.31 kg
among those who report wasting food. Gender, geographic location, and income were key predictors
of daily food waste.

Keywords: food loss and waste; students; universities; Colombia

1. Introduction

Food loss and waste (FWL) refers to a phenomenon that is a product of unsustainable
food systems. Specifically, it is the surplus food mass discarded at different stages of the
agri-food chain. Thus, FWL is considered a global problem of widespread magnitude and
frequency that affects sustainability and food security. This phenomenon goes against
Sustainable Development Goals such as Zero Hunger and Responsible Production and
Consumption [1]. Additionally, it contrasts with the prevalence of moderate or severe
food insecurity of 29.3% in the world and hunger figures that by 2021 reached 828 million
people [2].

It is essential to distinguish between food losses and waste. Food losses occur in
the production stages up to the retailer, excluding surpluses, and include the production
or harvest, post-harvest, storage, and industrial processing phases. On the other hand,
waste is generated in later stages, from the retailer to consumption (distribution, retail,
and consumption phases), whether domestic or bulk, from public or private gastronomic
services. This waste is often a result of behavior, purchasing and consumption habits, and
the handling of food [3].
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At least one-third of the food produced in the world, equivalent to about 1.3 billion
tons destined for human consumption, is lost or wasted annually. In Latin America, per
capita food losses are approximately 200 to 225 kg/year, with the production stage being
the main scenario due to the lack of the necessary capacity for processing and preserving
products that meet each country’s food demand [3].

Colombia supplies 28.5 million tons of food, of which 34% is lost or wasted, equivalent
to 9.76 million tons [4], enough to feed 8 million people annually. Of the total food lost
and wasted, 64% of the losses occur in the production, post-harvest, storage, and industrial
processing stages. The remaining 36% is generated in the distribution and household
consumption stages [4]. In contrast, it has been estimated that about 40% of waste is
produced during agricultural production, and 16% is due to poor management within the
household [4]. In the case of Colombia, FWLs represent a monetary value of 15.4 trillion
pesos, equivalent to 2% of the Gross Domestic Product (GDP), 30% of the agricultural value,
and five times the investment budget of the Colombian Ministry of Agriculture [5].

The scenario of multiple determinants of food wastage is complemented by people’s
consumption habits and the low nutritional education that generates the purchase of
larger quantities of food than necessary, lack of menu planning, extra-large portion sizes,
advertising, and food marketing that incites these unnecessary and compulsive purchases
that increase the probability of food expiration [5]. FWL generates multiple social impacts,
as food systems are disrupted to the point of affecting the global supply of safe, accessible,
healthy diets. Furthermore, FWLs contribute to deepening the problem of contemporary
food conflict, which consists of the coexistence of overweight, hunger, and inequalities in
global food distribution [6]. FWLs also have a negative economic impact, as they affect
food systems, resulting in higher food prices and creating difficulties for equitable access to
food. All of the above favor food insecurity and poverty while increasing water, land, and
carbon footprints [7].

Multiple potential solutions have been attempted to address the problem of FWL,
including public policies and actions at the stages of food production, processing, and dis-
tribution aimed at impacting consumption, e.g., food guidelines and good manufacturing
practices (GMP), food donations to food bank networks, and strengthening the circular
economy to promote changes in sustainable production and consumption patterns [8].

Various strategies have been implemented globally to address food waste, aiming to
positively impact the environment, the economy, and food security. Notable initiatives
include efforts at both governmental and international organizational levels, as well as
actions taken by businesses and consumers.

In national policies, many countries have developed action plans against food waste,
such as laws prohibiting supermarkets from discarding food in good condition and man-
dating that they donate it to charitable organizations. There are also laws promoting
food waste reduction and encouraging public education and collaboration among differ-
ent sectors as well as campaigns focused on changing shopping and consumption habits
by promoting good practices such as meal planning, utilizing leftovers, and composting
organic waste.

At the corporate level, some companies have adopted the methodology of measuring
and reporting their food waste levels and implementing technological solutions to optimize
the supply chain and reduce surplus food products. Technological platforms are also
emerging to connect consumers with businesses to utilize food that would otherwise be
discarded, such as through various apps [9].

In Colombia, the legislation that regulates the measures for the prevention of and
reduction in food waste is Law 1990 of 2019 [10]. This law aims to establish concrete strate-
gies and actions to reduce food losses and waste throughout the production, distribution,
and consumption chain to improve food security and contribute to sustainability. Law 1990
sets measures for reducing food waste at the stages of production, distribution, and con-
sumption; promotes the donation of food fit for human consumption that, for commercial
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reasons, cannot be sold; and encourages the implementation of educational campaigns and
public awareness to promote responsible consumption and reduce household food losses.

This national legislation is complemented by the 2030 Agenda for Sustainable Develop-
ment, which sets several key objectives related to food waste reduction, such as Sustainable
Development Goal (SDG) 12, which refers to ensuring sustainable consumption and pro-
duction patterns. The target most directly related to food waste (target 12.3) is to halve the
per capita global food waste at the retail and consumer levels by 2030.

On the other hand, measuring household food waste is challenging due to the di-
versity of methods available and variations in consumer behaviors. Several method-
ologies measure household food wastage, including wastage diaries, direct food weigh-
ing, visual plate estimation, image-based tools, waste composition studies, and question-
naires/surveys/forms [11].

Food waste affects all levels of society, including university students. Food waste is a
global issue with significant environmental, social, and economic implications, and studying
it within the context of university students is particularly relevant due to the characteristics
of their lifestyle. University students often live under budgetary constraints and in shared
or temporary accommodations, and they frequently manage irregular schedules due to
academic and work commitments. Thus, in a study conducted in New Zealand among
university students, it was found that the most important factors leading to food waste
were the lack of meal and shopping planning as well as the improper separation of food
waste from other types of waste, which resulted in the disposal of a considerable amount of
avoidable food waste, such as fresh food and leftovers [12]. Meanwhile, a study conducted
among university students in Italy and Poland investigated the influence of living conditions
and dietary practices on students’ perception of food waste. The findings indicated that
39% of respondents in Italy and 31% in Poland were highly aware of food waste. It was
also identified that students belonging to Generation Z (ages 18 to 25) are more likely to
be influenced by environmental campaigns aimed at reducing food waste compared to
Millennials (ages 26 to 35). This highlights the need for educational initiatives targeting
this population regarding the importance of sustainable consumption and strengthening
university curricula to enhance students’ environmental commitment [13]. Measuring food
waste among university students is relevant to developing effective awareness, education,
and reduction strategies at the school or university level. Thus, this study aimed to estimate
food waste derived from consumption by university students and determine its associated
factors. The scope of this study is to provide a comprehensive estimation of food waste
generated by university students and to explore the factors that contribute to this behavior.
By examining key variables such as gender, geographic location, and socioeconomic status,
the study aims to shed light on the underlying causes of food waste within this demographic.
The findings offer insights into the potential strategies for reducing food waste in academic
settings, thereby informing policy development and educational interventions to promote
more sustainable consumption habits among university students.

2. Material and Methods

A cross-sectional analytical quantitative study was conducted in Bucaramanga, Colom-
bia, during a community trial. The target population of this study was university students.
By convenience, two hundred and twenty-seven undergraduate students from a state
university were selected. The sample size was calculated in the Open Epi program, consid-
ering the following criteria: population size (n = 18,264), significance level of 95%, power
(1-beta, % probability of detection) of 80%, hypothetical prevalence of food waste of 18%,
risk /prevalence difference of 10, and design effect of 1.

The dependent variable of this study was the total wastage/person/day (g). Other
variables were (1) biological and socioeconomic variables: the characteristics of the respon-
dent and his/her household, including sex, age, socioeconomic level, marital status, weight
and height, geographic location of the household (urban/rural), career, university to which
he/she belongs, and household income; (2) shopping habits and attitudes: who makes the
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food purchases, the criteria for making and the frequency of food purchases, and money
spent per week on food; (3) food habits and attitudes: the frequency of meals at home and
outside the home and the preparation of meals; and (4) food waste: the types of food most
discarded, the causes of food waste, and the habits and customs that encourage it.

Data collection

All the information was collected through an online-based questionnaire, under prior
training, to evaluate all the variables of interest. For the questions related to food wastage,
the instrument designed by the FAO was used as a basis to measure food wastage in
households [11].

The amount of food wasted and the other variables were measured through self-
reporting. Senior students of Nutrition and Dietetics explained to the participants, before
filling out the survey form, the concepts of food losses and food waste; emphasized the
concept of waste, which is the object of this study; and explained in detail how they should
fill out the form in terms of food waste for each of the meal times and in terms of the
amounts and reasons to report. A pilot test was conducted with 20 university students
to validate the level of understanding of each question and the correct completion of the
questions related to the amount of food wasted.

The questionnaire used was structured and took approximately 30 min to complete.
It aimed to inquire about the levels of food waste produced in the domestic environment
in terms of the volume (g), type of food wasted, reasons why food is wasted, consumer
behaviors, and attitudes towards the correct use of food. For further details regarding the
structure and questions of the surveys, please contact the corresponding author.

Data analysis

If a student self-reported wasting at least one meal time, it was considered food
wasting. The prevalence of students who wasted and did not waste food for each category
of the variables of interest was contrasted to establish differences between them with chi?
tests. Using binomial regression models with the prevalence of wasting as the dependent
variable (0/1), we calculated the adjusted prevalence ratios (PRaj) by sex, socioeconomic
stratum, geographic area, number of people in the household, and income in terms of legal
monthly minimum wages (LMMW). In addition to the estimator for the adjusted variable
in the model (PRaj), the 95% confidence interval (95% CI) and the p-value (p-value) were
reported. The grams/person/day of waste estimated for each subject as the dependent
variable was transformed to approximate a normal distribution as (grams/person/day)!/33.
The mean and standard error (S.E.) described the back-transformed values. In addition,
based on Simple Linear Regression or ANOVA models, the p-value was estimated for
each variable of interest. Finally, Multiple Linear Regression models were performed with
grams/person/day as the dependent variable to estimate the adjusted differences using
adjusted B coefficients (aj) in each category of the variables of interest. The absolute
adjusted difference was reported with its 95% CI and p-value. All data were analyzed using
the software Stata v. 15.

Ethical approval

The Scientific Research Ethics Committee of the Universidad Industrial de Santander
approved this study (Project Code FS202201). All participants signed an informed con-
sent form.

3. Results

Sixty-three percent of the participants were women. The mean age was 20.5 £ 3.5 years
(mean £ S.E.). Food wastage was reported by 65% (n = 148). The wastage/person/day (g)
in the total population analyzed was 22.6 £ 15.5; among students reporting wastage, it was
94.0 £5.0.

The highest frequency of food wastage occurred during lunch (49%), followed by
breakfast (33%). The food consumed was purchased in 71% of the cases by the parents
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and 20% by the participants. Quality (33%), food price (30%), and consumption habits
(30%) were the aspects that determined the purchase of food. The frequency of weekly
purchases predominated (44%), followed by biweekly (28%). The parents prepared the food
in 66% of cases and the participants in 22%. Cereals/tubers/roots were the food group with
the highest self-reported wastage (15%), followed by the meat/legumes/egg group (6%).
The lowest self-reported wastage was for the milk/dairy group (1%). Among students
who wasted food, the main reason for wastage was because the food or preparation was
over-purchased or over-prepared (43%) or because the food or preparation deteriorated
due to poor preservation or storage (14%).

Table 1 shows the proportion of wastage by type of food. Sex, income, and food
preparation frequency determined whether or not a student reported food wasting; p-
value < 0.05 (Table 2). Table 3 shows the P.R.s for the biological and socioeconomic variables:
Being male, living in urban areas, and low socioeconomic income (<1 LMMW) are protective
against food wastage. Table 4 shows the grams/person/day of wastage for each category
of the variables of interest and the p-values for the raw differences. Table 5 presents the
adjusted differences for grams/person/day for each of the categories of the variables of
interest, sex, income in LMMW units, and frequency of purchase, which remain as the
determinant variables of wastage: women, PRaj = 1.49 (95% CI: 1.19, 1.89); students residing
in rural areas, PRaj = 1.39 (95% CI: 1.15, 1.67); and students with higher economic income,
PRaj = 1.38 (95% CI: 1.14, 1.68) and PRaj = 1.49 (95% CI: 1.15, 1.93) (1-2 Minimum Legal
Monthly Wages (LMMW) and 3+ LMMW versus < 1 LMMW, respectively), presented
higher risk of wastage/person/day. Household size and socioeconomic level were not
associated; p < 0.05.

Table 1. Number and percentage (%) of students who generated food waste by type of food (n = 227).

Type of Food Number (%)
Total 148 (65)
Breakfast 75 (33)
Mid-morning 37 (16)
Lunch 112 (49)
Mid-afternoon 24 (11)
Dinner 63 (28)

Table 2. Number and percentage (%) of students who generated food waste according to biological
and socioeconomic variables.

. Total Freq Yes
Variable (%) [mean], (%) (%) p-Value
Waste—grams * 227 (100) 79 [0.0] 148 [94.0] <0.0001
Age—year 227 (100) 79 [20.3] 148 [20.5] 0.751
BMI—kg/ m? 204 (100) 70 [22.7] 134 [22.5] 0.663
Sex
Female 143 (63) 36 (46) 107 (72) <0.0001
Male 84 (37) 43 (54) 41 (28)
Socioeconomic status
Very low and low 148 (65) 57 (72) 91 (61) 0.108
Medium and high 79 (35) 22 (28) 57 (39)
Area
Rural 21 (9) 6 (8) 15 (10) 0.529
Urban 206 (91) 73 (92) 133 (90)
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Table 2. Cont.

. Total Freq Yes
Variable (%) [mean], (%) (%) p-Value
LMMW **
<1 95 (42) 42 (53) 53 (36) 0,039
1-2 97 (43) 28 (36) 69 (47) :
>3 35 (15) 9(11) 26 (17)
Frequency of food
purchase
Weekly 126 (56) 49 (62) 77 (52) 0.059
Biweekly 62 (27) 14 (18) 48 (32)
Monthly 39 (17) 16 (20) 23 (16)
Weekly food
expenditure
<50 (12.39/11.38) *** 26 (11) 9(11) 17 (11) 0.357
50 to 100 (24.77/22.75) 93 (41) 34 (43) 59 (40) ’
>101 (25.02/22.98) 88 (39) 26 (33) 62 (42)
I do not know 20 (9) 10 (13) 10 (7)
Do you prepare food?
Never 7 (3) 7(9) 0
Rarely 45 (20) 19 (24) 26 (18) 0.002
Sometimes 112 (49) 35 (44) 77 (52)
Usually 37 (16) 12 (15) 25 (17)
Always 26 (12) 6(8) 20 (13)
Household members
<5 163 (72) 54 (68) 109 (74) 0.398
>5 64 (28) 25 (32) 39 (26)

* Based on transformed values (g)!/33. ** LMMW: Legal Monthly Minimum Wages. *** COP(USD/EUR):
thousands of Colombian pesos/U.S. dollars/euros.

Table 3. Adjusted prevalence ratios (PRaj) for food waste generation according to biological and
socioeconomic variables.

Variable PRaj * 95% 1.C. p-Value
Sex
Female Ref <0.0001
Male 0.67 0.53 t0 0.84
Socioeconomic status 0.768
Very low and low Ref -
Medium and high 1.03 0.85t01.24
Area
Rural Ref - 0.001
Urban 0.72 0.60 to 0.87
LMMW **
<1 Ref -
1-2 1.38 1.14 to 1.68 0.001
>3 1.49 1.15t0 1.93 0.002
Household members
<5 Ref - 0.829
>5 0.98 0.82to 1.17

* PRaj: achieved in a multiple binomial regression model where the dependent variable is food waste generation
(0/1). 95% ** LMMW: Legal Monthly Minimum Wages. 95% I.C.: confidence intervals for the PRaj.
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Table 4. Food waste generation according to biological and socioeconomic variables. Mean (g) and
Standard Error by variable category.

Variable Total Freq
%) [mean] * S.E. p-Value
Waste—grams 227 148 [94.0] 0.00
Age—year 227 148 [20.5] 0.35 0.751
BMI—kg/m? 204 134 [22.5] 0.27 0.663
Sex
Female 143 (63) 107 [83.3] 0.00 0.145
Male 84 (37) 41[119.4] 0.01
Socioeconomic status
Very low and low 148 (65) 91[112.2] 0.00 0.028
Medium and high 79 (35) 57 [67.3] 0.00
Area
Rural 21 (9) 15 [96.2] 0.06 0.921
Urban 206 (91) 133 [92.3] 0.00
LMMW **
<1 95 (42) 53 [115.8] 0.01 0981
1-2 97 (43 69 [84.8] 0.01 ’
>3 35 (15) 26 [72.4] 0.01
Frequency of food
purchase
Weekly 126 (56) 77 [97.0] 0.01 0.900
Biweekly 62 (27) 48 [86.2] 0.01
Monthly 39 (17) 23[92.3] 0.01
Weekly food expenditure
<50 (12.39/11.38) *** 26 (11) 17 [146.3] 0.06
50 to 100 (24.77/22.75) 93 (41) 59 [104.4] 0.01 0.198
>101 (25.02/22.98) 88 (39) 62 [71.7] 0.00
I do not know 20 (9) 10 [91.5] 0.19
Do you prepare food?
Never 7 (3) - -
Rarely 45 (20) 26 [52.5] 0.01 0.026
Sometimes 112 (49) 77 [124.1] 0.01 )
Usually 37 (16) 25 [67.9] 0.01
Always 26 (12) 20 [81.9] 0.03
Household members
<5 163 (72) 109 [93.8] 0.00 0.819
>5 64 (28) 39 [88.5] 0.01

* Based on transformed values (g)!/33. S.E.: Standard Error. ** LMMW: Legal Monthly Minimum Wages.
*** COP(USD/EUR): thousands of Colombian pesos/U.S. dollars/euros.

Table 5. Partially adjusted regression coefficients (aj)—adjusted differences—for food waste genera-
tion according to biological and socioeconomic variables.

Variable Baj * 95% I.C. p-Value
Sex
Female Ref - 0.038
Male —0.66 —1.29 to —0.04
Socioeconomic status
Very low and low Ref - 0.671
Medium and high —0.16 —0.90 to 0.58
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Table 5. Cont.

Variable Baj * 95% 1.C. p-Value
Area
Rural Ref - 0.216
Urban —0.69 —1.78 to 0.41
LMMW ** 0.048
<1 Ref - -
1-2 0.62 —0.09 to 1.34 0.087
>3 0.79 —0.32t0 1.90 0.162
Frequency of food purchase 0.489
Weekly Ref - -
Biweekly 0.46 —0.23to 1.16 0.188
Monthly —0.07 —0.90 to 0.75 0.864
Weekly food expenditure 0.131
<50 (12.39/11.38) *** Ref - -
50 to 100 (24.77/22.75) —0.09 —1.09 to 0.92 0.865
>101 (25.02/22.98) —0.41 —1.49 to 0.68 0.463
I do not know —0.84 —2.21t00.53 0.229
Do you prepare food? 0.041
Never Ref - -
Rarely 1.54 —0.30 to 3.36 0.095
Sometimes 2.63 0.90 to 4.36 0.003
Usually 1.97 0.12 to 3.82 0.037
Always 2.50 0.56 to 4.38 0.012
Household members 0.338
<5 Ref -
>5 —0.29 —0.96 to 0.37

* Baj: Partial regression coefficient is achieved in a multiple linear regression model where the dependent variable
is grams of food waste, and the covariates are all those reported in the table. 95% C.I.: confidence interval for
faj, based on transformed values (g)l/ 33+ LMMW: Legal Monthly Minimum Wages. *** COP(USD/EUR):
Thousands of Colombian pesos/U.S. dollars/euros. R? for the model (%): 7.15.

4. Discussion

In the present study, food waste behavior was evaluated in university students. It
was observed that a significant proportion of the participants reported food waste, with a
higher frequency during lunch and breakfast. Most of the food was purchased by parents
and prepared at home. The main reasons for waste included food quality considerations
and leftovers because excess food was prepared or purchased. The factors associated
with food waste included gender, income level, and geographic area of residence, with a
higher risk of waste observed in females, students in rural areas, and those with higher
incomes. Variables such as household size and socioeconomic status showed no significant
association with food waste.

In this study, the amount of food waste per person/day was 22.6 g (S.E. = 15.5),
placing it within the range reported by similar studies [14]. However, the prevalence of
waste among university students shows significant variations in the literature, reflecting the
influence of different methodologies and socioeconomic contexts on the results obtained. A
study conducted in India [15] found that university students waste an average of 31.4% of
food. On the other hand, in Valencia, Spain, a study reported a total waste of 14.5%, with
higher waste during lunch (18.75%) than at dinner (10.5%), with a statistically significant
difference (p < 0.01) [16].

These differences in the prevalence of food waste, the different methodologies used to
quantify it, and socioeconomic contexts can also be attributed to food supply and quality.
Cultural norms and habits related to eating often include a lack of meal planning that can
lead to over-purchasing or over-preparation of food at home. At the same time, university
dining halls usually serve large portions that are not always fully consumed [14]. Despite
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these variations, studies agree that food waste in college students is a significant problem
that needs to be addressed.

4.1. Factors Associated with Food Waste Among University Students

Studies analyzing the factors associated with food waste in university students have
found diverse results. In both the general population [8,17] and the student popula-
tion [15,16], sociodemographic factors such as age, sex, income, educational level, and
household composition have been identified as crucial elements that positively and nega-
tively influence the amount of food wasted.

Our study suggests that sex impacts the amount of food discarded in the household.
However, more research is needed to understand these possible differences better since the
published results are very diverse. For example, Morata et al. found a higher prevalence
of waste in women (15.5%) than in men (11.5%) [16], as have other studies indicating that
women waste more food than men [18,19]. This is not in line with Soo-Cheng Chuah
et al., who found that, in response to the question “How much food do you waste in a day?”,
females (73.2%) waste less food than males (79.3%) [20]. In addition, that study found
that waste disposal behavior differed only between male and female students. At the
same time, no differences were observed in the constructs of food waste knowledge and
participation in food waste prevention. At the same time, that study revealed no significant
association between gender and food planning, food recycling, and waste behaviors among
students who were also asked [20]. In 2015, Secondi et al. assessed household food
waste behavior in the 27 countries of the European Community (EU-27) using a multilevel
analysis that allowed them to jointly consider individual-level and contextual factors as
potential variables associated with food waste. While it was not explicitly investigated in
the university population, the study did not find an association between food waste and
gender [21].

Thus, differences in gender norms and social roles may influence eating behaviors
and food waste such that, in specific contexts, women may be more likely to plan their
meals and take smaller portions [22]. In Poland, men were found to be more aware of food
waste than women, while in Italy, the university curriculum played a significant role in
influencing students [13].

Regarding economic income, one study found a correlation between household income
and food waste, where households with higher incomes waste more food than those with
lower incomes [23]. Although that study did not focus on university students, its results
are similar. This relationship could be because students with higher incomes may have
more freedom to buy food without regard to budget, which may lead to less purchase
planning and more significant purchases of food that will not be consumed, and therefore,
more waste is generated. In addition, they may have less time to cook and prepare food,
which may lead to greater reliance on processed or prepared foods, which are more likely
to be wasted [22].

This study found that students residing in rural areas waste more food than those
in urban areas. Although the existing literature on this factor does not focus specifically
on the university population, a general population study that examined the influence of
sociodemographic, behavioral, and attitudinal factors on the amount of food waste found
no clear correlation with area, form, and type of residence [18].

4.2. Study Strengths and Limitations

This study has several notable strengths. First, it is a detailed analysis of food waste
practices among university students, a demographic group under-researched compared
to the general population. The main findings of this study are relevant to highlight the
situation of food waste among university students in Colombia, which serves as a basis for
the design and implementation of future educational interventions. The internal validity of
the data is supported by the rigorous training process given to the students in terms of filling
out the self-reporting format of the amounts of food wasted to minimize information biases.
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Including various sociodemographic and economic variables provided a comprehensive
understanding of the factors influencing food waste.

However, the study also has some limitations. One of them is the possible lack
of external validity given that the sample analyzed represents university students from
a public university in Colombia, which may not adequately reflect the diversity of the
university population in general. In addition, quantifying wasted food represents a great
challenge, mainly considering the self-reported, waste diary-type methodology used, in
which students recorded all the food discarded during the day. This technique could
be biased by the participants’ behavior, who could modify their habits when they know
that they are being observed, and therefore, there could be an underestimation of the
actual waste or an information bias (memory bias due to self-reporting). In addition, the
complexity of measuring food waste also lies in the fact that discarded food can be in
different states (raw, cooked, or partially consumed), which complicates its quantification
and categorization since waste can include both consumable and non-consumable food
(peels and bones).

4.3. Implications of This Study and Future Implications

This study has important implications in both the short and long term. In the short
term, the findings can inform universities and educational institution authorities about
implementing programs and policies to reduce food waste among students, such as edu-
cation on purchase planning, meal planning, and proper food storage. In the long term,
these results can serve as a basis for future research to explore more effective interventions
and comprehensive approaches to minimize food waste in the university setting and other
similar contexts. These strategies contribute to achieving food sustainability.

5. Conclusions

This study identifies several essential factors associated with food waste among
university students. First, it was observed that gender significantly influences waste levels,
with a higher tendency among women. Additionally, economic income level is related to
greater waste generation; students with higher incomes tend to waste more food, possibly
due to a lack of planning in their purchases. Moreover, geographic location also proves to
be an important factor, as students in rural areas report higher levels of waste compared to
those in urban areas. However, no significant associations were found with household size
and socioeconomic status.

Regarding the possibilities for reducing food waste in the future, it is crucial to
implement educational programs focused on meal planning and responsible purchasing.
Raising awareness about food quality and proper storage practices is essential for mitigating
waste. Initiatives such as workshops and informative campaigns can promote sustainable
practices and highlight the importance of conserving food resources.

The impact of food waste extends beyond economic concerns, significantly affecting
the environment and social well-being. This waste contributes to greenhouse gas emissions
and the depletion of natural resources, making its reduction a key step toward environmen-
tal sustainability. Addressing food waste can help mitigate the effects of climate change
and conserve vital resources like water and land.

In higher education institutions, various initiatives and campaigns have begun to
be implemented to reduce food waste. These include the establishment of university
dining halls that offer appropriate portion sizes and awareness programs about the issue
of waste. However, continuous efforts are necessary to foster a culture of waste reduction
among students.

Finally, it is recommended that students adopt specific practices to minimize food
waste. This includes meal planning, creating shopping lists, and being more conscious
of portion sizes. Furthermore, education on food preservation and proper storage can
significantly contribute to waste reduction, thus promoting more sustainable consump-
tion behavior.
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Abstract: This study explores the contribution of social media to food waste reduction among
hospitality customers as part of the global net zero emissions agenda. It does this by using the
Stimulus-Organism—Response (SOR) model to examine how social media food waste reduction
promotion affects hospitality customer food waste intentions, mediated by social media-driven
environmental motivation and sustainability-driven customer happiness. Moreover, gratitude
towards food waste initiatives moderates these effects such that motivation and emotional satisfaction
are more strongly associated with sustainable behaviors. We find that social media campaigns can
effectively elicit cognitive and emotional engagement, which in turn strengthens food waste reduction
intentions, using data from 404 hospitality customers in China. Furthermore, the study extends
the SOR model to sustainability and consumer behavior literature and provides practical guidance
for hospitality businesses to harness social media in engaging customers in sustainability efforts.
Organizations can enhance the effectiveness of their environmental campaigns by using emotionally
resonant messages and highlighting gratitude. Filling important gaps, this research explores
mechanisms driving sustainable behaviors in line with strategies to achieve net zero emissions.

Keywords: food waste reduction; social media promotion; sustainability; hospitality industry;
net zero emissions; food loss

1. Introduction

Climate change is a challenge faced all over the world, affecting the environment,
economies, and societies. Net zero emissions are now central to international agendas and
as nations seek long-term sustainability [1]. This means concerted action by governments,
organizations, and communities for a carbon-neutral future and a healthy planet for future
generations [2]. Food waste is one of the biggest and often overlooked contributors to
climate change. The FAO (2019) estimates that globally, one-third of food produced for
human consumption is wasted, the implications of which are severe from both environ-
mental and economic viewpoints [3]. Approximately 8 to 10 percent of global emissions
are water, energy, and the greenhouse gas emissions associated with the waste of these
resources [4]. Food decomposition in landfills emits methane, a very powerful greenhouse
gas that speeds up global warming [5]. The poor management of food waste is a further
problem that exacerbates other problems, such as deforestation, biodiversity loss, and
water scarcity [6]. Therefore, minimizing food waste is important for climate mitigation
and reaching net zero emissions.

In this context, this study focuses on the usage of social media as a primary tool to
change consumer behavior in decreasing food waste. For this study, food wastage primarily
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refers to food ordered by customers at restaurants and hotels that is not consumed. The
reach and user engagement of social media have made it a fantastic place to raise awareness
and nudge people to change their behaviors [7]. These platforms are not only used for
marketing purposes but also to educate and inspire action to reduce food waste or to
take collective responsibility in reaching net zero goals [8]. Social media campaigns can
spread awareness, but the hard part is getting awareness to translate into sustained action
if convenience or past habits are still in the way. Considering that the hospitality industry
is one of the key contributors to food waste [9], this research is conducted to examine how
social media food waste reduction promotion may influence customer intention to decrease
food waste. Utilized as an enabler for sustainability efforts in hospitality organizations,
social media is an important forum to publicize sustainability efforts, engage customers
in environmental issues, steer consumer behavior, and contribute to broader net zero
emissions goals [10]. This context provides an advantage for brands by allowing them to
strengthen their reputation by demonstrating their dedication to sustainability, but if these
efforts are viewed as superficial or ‘greenwashing’, then it can damage brand credibility.

This study examines psychological mechanisms that drive consumer behavior, such
as social media-driven environmental motivation and sustainability-driven customer hap-
piness as mediators. In explaining why some consumers respond positively to food waste
reduction campaigns, we can explain that consumers motivated by environmental values
or happiness from supporting sustainable practices are more likely to act on social media
messaging [11]. Reactions to sustainability messages are influenced by personal factors
such as gratitude [12]. In this regard, gratitude towards food waste initiatives is expected
to moderate the relationship between social media campaigns and customers’ intentions
to reduce food waste. Customers who experience more gratitude for an organization’s
efforts are also more likely to respond more positively to communication [13]. Gratitude is
a psychological factor that, if better understood, can help design more effective strategies
to convince consumers to consume sustainably [14]. This study examines the Chinese
hospitality sector, as China plays a key role in the world sustainability agenda due to its
environmental impact and the rate of urbanization. China is one of the world’s largest
emitters of greenhouse gases and also one of the world’s largest economies, as well as a
major source of environmental degradation, which makes China a key player in the fight
against climate change [15]. The country has a large population and growing affluence
that has driven up food consumption, leading to a large amount of food waste, estimated
at 17-18 million tons per year in urban households and hospitality venues, with a huge
carbon footprint and undermining the sustainability effort of the country [16]. With respect
to this issue, the Chinese hospitality industry offers a strategic opportunity to promote the
reduction in food waste and support the net zero emission agenda. Food consumption
patterns and total food waste levels are greatly influenced by hotels and restaurants [17].
The purpose of this research is to investigate how Chinese hospitality organizations can use
social media to promote sustainable consumption behaviors and less food waste. Targeting
the Chinese market offers lessons for other emerging markets in dealing with a pressing
environmental issue of a key global economy and also provides a global contribution to
sustainability and carbon neutrality.

Despite increasing focus on sustainability, research gaps persist regarding food waste
reduction in the hospitality sector. One key gap is the limited exploration of how digital
tools, such as social media, could be used to foster sustainable consumer behaviors. Exten-
sive research has explored how social media can enhance brand awareness [18,19], with
studies indicating that platforms such as Facebook and Instagram are effective tools for
creating and maintaining consumer engagement [20,21]. However, there remains a limited
understanding of how social media can be leveraged to drive sustainability-related behavior
change [22,23], particularly in the context of food waste reduction. While efforts have been
made to explore general pro-environmental behaviors influenced by digital media, such
as recycling or energy conservation [24-26], the specific role of social media in addressing
food waste behaviors within the hospitality sector has received scant attention. This study
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aims to fill this gap by examining how social media food waste reduction promotion im-
pacts hospitality customers’ intentions to reduce food waste and how this communication
approach fosters sustainable consumption. Additionally, psychological and motivational
factors mediating the relationship between sustainability communication and consumer
behavior are underexplored in existing research. Studies by Ahmad, et al. [27] and Yuxiang,
et al. [28] indicate the importance of emotional and cognitive factors in shaping sustainable
actions; yet, the mechanisms through which social media-driven environmental motivation
and sustainability-driven customer happiness influence pro-environmental behaviors re-
main insufficiently studied. Furthermore, personal attributes such as gratitude, which have
been shown to significantly amplify pro-social and pro-environmental behaviors [29], are
rarely examined in the context of food waste. By introducing gratitude towards food waste
initiatives as a moderating variable, this study enriches the literature and demonstrates how
personal traits shape consumer receptiveness to sustainability messages, advancing our
understanding of how to design impactful communication strategies. In the end, although
China has had a huge influence on global sustainability, there are few studies to date on
how its hospitality industry can contribute to decreasing food waste and achieving net
zero [30]. To fill this gap, this study investigates how hospitality organizations in China
can use social media to advocate for food waste reduction, which may be transferrable to
other emerging economies and contribute to the global body of sustainability research.

2. Literature Review and Theoretical Underpinning

Today, social media advertising is a preferred tool that brands use to manipulate
consumer behavior [31]. As digital technologies evolve, so does social media, and the brand-
consumer interaction has gone from one-way communication to interactive dialogue and
even more engagement [32]. Brands use social media to reach different audiences, advertise
their products and services, and change consumer perceptions and behavior in real-time
with tailored messages. In particular, it is very useful to promote sustainability initiatives by
informing users about environmental activities, educating consumers, and changing their
behavior in support of sustainability goals [33]. Creating campaigns that reflect brands’
values can shape attitudes and can influence consumers to behave more responsibly. In
this study, we examine the influence of social media food waste reduction promotion
on hospitality customer food waste intentions. Rini, et al. [34] show that sustainability
messages shared through social media can induce eco-friendly behavior, such as cutting
back on food waste. Furthermore, hospitality brands can also proactively promote food
waste reduction strategies through engaging content that will increase consumer awareness
and increase consumer intention to reduce food waste. Although a plethora of existing
literature on social media marketing already exists, there is little understanding of how
this type of promotion influences the food waste intentions of customers in the hospitality
industry. To further underpin this, we employed the Stimulus-Organism-Response (SOR)
Model [35] in order to explain this relationship. According to the SOR model, external
stimuli (S) (i.e., social media promotions) influence an individual’s internal state (O) (i.e.,
emotions and motivation) that results in a behavioral response (R) (i.e., reduced food waste
intentions). Social media food waste reduction promotions act as the stimulus that leads
to an internal psychological state, such as environmental motivation and happiness from
being able to help support sustainable practices. Thus, the desired response is achieved,
i.e., higher intentions to reduce food waste in hospitality settings. This research is best
suited for the SOR model because it reflects the way in which social media stimuli affect
psychological states and drive behavior [36]. External stimuli in social media food waste
reduction promotion create cognitive and emotional reactions in customers, which will
then lead to their behavioral intentions. The study applies this model to offer a robust
framework to understand how digital stimuli can induce pro-environmental actions for
enabling sustainability goals. Therefore, the following hypothesis is proposed:

H1: Social media food waste reduction promotion is positively related to hospitality customer food
waste intentions.
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Social media content is valuable because it can provide relevant information and
engage with sustainability narratives to generate customers’ environmental motivation [37].
Environmental motivation, which is the ability to motivate sustainable consumption
through attitudes and values on environmental protection [38], is the main force governing
sustainable consumption. The brands that effectively communicate their sustainability
initiatives inform their customers about what environmentally responsible actions they
are taking. For example, hospitality brands can use social media to post about food waste
reduction to build positive attitudes and a stronger sense of environmental responsibil-
ity [39]. Social media acts as an external stimulus to induce internal psychological states
such as motivation. Consequently, social media food waste reduction promotion is ex-
pected to trigger customers’ environmental motivation and thus encourage customers to
adopt sustainable practices [40]. In this study, we hypothesize that social media food waste
reduction promotion will act to increase social media-driven environmental motivation.
As an example, hospitality brands can attract customers’ concerns about the environment
by publishing interesting content such as infographics, videos, and interactive posts that
discuss the environmental impacts of food waste and also promote attempts to reduce
them [41]. The relationship between social media promotion and environmental motiva-
tion explains how social media affects sustainable consumption behaviors. Not only does
environmental motivation affect consumers” mindsets, but it also directly impacts their
sustainable behavioral intentions. According to research, people who are driven to protect
the environment are more inclined to engage in eco-friendly behaviors, such as reducing
waste and promoting sustainable products [42]. When dining, customers with higher
environmental motivation are more likely to act on their beliefs and reduce food waste in a
hospitality context. It indicates that those with stronger intentions to support food waste
reduction are more motivated. The expectation in this study is that social media-driven
environmental motivation has a direct positive relationship with hospitality customer food
waste intentions. Potentially, food waste reduction social media campaigns are also more
likely to motivate customers to have more positive intentions of reducing food waste in
hospitality settings. In order to judge the effectiveness of sustainability communication to
change behavior, this relationship needs to be understood [43]. In addition, environmental
motivation serves to mediate the relationship between social media food waste reduction
promotion and behavioral intentions. According to the SOR model, social media food waste
reduction promotion serves as a stimulus, changing the internal psychological state and
environmental motivation, and consequently leads to a behavioral response of food waste
reduction intentions. The SOR model supports H2 and H3 by explaining how external
stimuli (social media promotions) evoke internal states (environmental motivation), leading
to a behavioral response. Research shows that social media can inspire pro-environmental
attitudes by fostering awareness and concern for sustainability. Environmental motivation,
driven by such stimuli, is a key determinant of eco-friendly behaviors such as reducing
food waste. In this way, environmental motivation mediates the relationship between social
media promotion and food waste intentions, and also explains the mechanism through
which social media affects sustainable consumption behavior. Therefore,

H2: Social media food waste reduction promotion is positively related to social media-driven
environmental motivation.

H3: Social media-driven environmental motivation is positively related to hospitality customer
food waste intentions.

H4: Social media-driven environmental motivation mediates the relationship between social media
food waste reduction promotion and hospitality customer food waste intentions.

How social media content is framed plays a large role in how customers perceive and

react to sustainability initiatives [44]. Many organizations use social media to promote their
efforts not only to inform customers but also to inspire positive emotional responses that
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lead to greater engagement and support [45]. Sustainability-driven customer happiness
is one key emotional response to the activities supporting environmental sustainability,
which is the positive emotional state obtained from supporting activities that contribute to
environmental sustainability [46]. If brands communicate their sustainability initiatives
correctly, consumers can feel happy for supporting eco-friendly practices [47]. Allen and
Allen [48] find that this emotional response can reinforce consumers’ intentions to support
the brand and its sustainability efforts. Social media food waste reduction promotions
are expected to have a positive effect on sustainability-driven customer happiness in
this study. Social media can be used by hospitality organizations that promote food
waste reduction in order to generate positive emotional responses among customers who
resonate with the brand’s sustainability values. Customers who perceive these efforts
as authentic will most likely experience happiness and satisfaction, which deepens the
emotional connection to the brand and its environmental goals [46]. By demonstrating this
relationship, we show how sustainability messages driven by social media can generate
emotional responses from customers who will support environmental initiatives. There
is a significant influence on subsequent behavior from happiness from engaging with a
brand’s sustainability efforts [49]. According to research, those who are happy tend to
engage in behaviors that support the source of their happiness [50]. In the hospitality
context, sustainability-driven customer happiness can increase the intention to cut down
on food waste because customers are encouraged to behave in alignment with the positive
emotions they experience. Therefore, if customers are happy with food waste reduction
initiatives, they are more likely to consciously reduce food waste when they visit a particular
hospitality services organization. Sustainability-driven customer happiness may positively
be related to hospitality customer food waste intentions in the study. Positive emotions
from a hospitality brand’s food waste reduction efforts can then be transferred into tangible
actions, such as actively reducing food waste as customers experience these initiatives [51].

In addition, social media food waste reduction promotions are suggested to be me-
diated by sustainability-driven customer happiness, influencing hospitality customers’
food waste intentions. Social media food waste reduction promotion, viewed through
the lens of the SOR model, operates as a stimulus which produces a positive emotional
response (happiness). From this emotional response, the resultant behavior is the de-
sired behavior (reducing food waste). The mediating mechanism of sustainability-driven
happiness explains the transformation of social media messages into specific consumer
actions [52]. Further, H5 and H6 draw from emotional theories in the SOR model, where
sustainability-driven happiness serves as an emotional response to social media messaging.
Positive emotions reinforce sustainable behaviors, as consumers act in alignment with their
happiness derived from supporting eco-friendly practices. Social media creates these emo-
tional connections, which translate into behavioral intentions. It is possible that customers’
happiness with food waste reduction campaigns on social media increases the probability
of customers supporting these efforts through a reduction in waste. This mediating role
further elucidates how hospitality brands can use social media to improve both emotional
and behavioral outcomes. Hence,

H5: Social media food waste reduction promotion is positively related to sustainability-driven

customer happiness.

He6: Sustainability-driven customer happiness is positively related to hospitality customer food
waste intentions.

H7: Sustainability-driven customer happiness mediates the relationship between social media food
waste reduction promotion and hospitality customer food waste intentions.

As an emotional state, gratitude motivates people to reward positive actions and
efforts with positive responses, sometimes leading to pro-social and pro-environmental
behaviors [53]. When people believe that they have been the recipient of someone else’s
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goodwill, they appreciate the experience and want to give back [54]. Gratitude can increase
consumers’ receptivity to sustainability initiatives by amplifying consumers’ likelihood of
performing environmentally supportive behaviors [55]. Gratitude can be a powerful tool for
hospitality organizations to influence both attitudes and behaviors towards sustainability
efforts such as food waste reduction [12]. Customers tend to react positively to promotional
messages and endorse the brand’s initiatives on the environment when they feel grateful
for a brand’s real effort in sustainable practices [13]. This study expects the relationship
between social media food waste reduction promotion and the internal psychological states
(mediators) that determine hospitality customer food waste intentions to be moderated
by gratitude. Gratitude is expected to increase the effectiveness of social media messages
in increasing customers’ environmental motivation [56]. Customers are more likely to be
inspired by a hospitality organization’s food waste reduction efforts if they feel appreciative
of the organization’s efforts [53]. This sense of gratitude helps increase the strength of
social media messages, making customers more receptive to sustainability content and
more likely to translate those feelings into pro-environmental motivations. Therefore, it
strengthens the association between social media food waste reduction promotion and
environmental motivation, which leads to a higher intention to reduce food waste in
hospitality environments. Additionally, gratitude is expected to improve the impact of
sustainability-driven customer happiness on social media food waste reduction promotion.
If a hospitality brand is grateful for sustainability, customers will be happier engaging with
those initiatives. This emotional state reinforces the effect of social media messaging on
customer happiness, which leads to higher satisfaction to support the brand’s sustainability
efforts [57]. People who are happier are more likely to engage in behaviors that are
consistent with those positive emotions, such as intentionally reducing food waste, and
gratitude makes people happier [58]. Together, this suggests that gratitude is an important
driver of the amplification of emotional responses to social media messages, which, in
turn, influence customer intentions to support food waste reduction initiatives. Gratitude
serves as both a personal disposition that drives sustainable behaviors and a moderator
of the psychological mechanisms linking social media promotions to pro-environmental
behaviors. Customers’ gratitude for an organization’s sustainability efforts is intensified
when they perceive those efforts as genuine and beneficial, which spurs their motivation
and happiness and their intentions to reduce food waste. The moderating effect reveals how
emotional factors, such as gratitude, affect the pathway from social media communication to
sustainable consumer behaviors in the hospitality sector. Moreover, H8a and H8b integrate
gratitude into the SOR framework, where gratitude amplifies motivation and happiness.
Studies indicate gratitude enhances receptivity to sustainability efforts, strengthening the
impact of emotional and cognitive states on pro-environmental actions. Hence,

HB8a: Gratitude towards food waste initiatives moderates the indirect relationship between social
media food waste reduction promotion and hospitality customer food waste intentions through
social media-driven environmental motivation, such that the indirect relationship is stronger when
gratitude is high.

HS8b: Gratitude towards food waste initiatives moderates the indirect relationship between social
media food waste reduction promotion and hospitality customer food waste intentions through
sustainability-driven customer happiness, such that the indirect relationship is stronger when
gratitude is high.

3. Materials and Methods
3.1. Participants and Data Collection Procedure

The data for this study were collected from hospitality customers across three ma-
jor cities in China: Beijing, Shanghai, and Guangzhou. The selection of these cities was
based on their status as international business hubs, diverse demographics, and active
engagement with sustainability initiatives, and thus are ideal for investigating consumer
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responses to food waste reduction initiatives in the hospitality sector. The data collection
was conducted in person among hotels and restaurants through the use of a structured ques-
tionnaire. The participants were given a brief introduction to the study and its purpose and
were assured of voluntary participation. The questionnaire was completed by respondents
on-site. The study followed ethical guidelines, such as voluntary participation and the
right to withdraw at any time without consequence [59-61]. Specifically, the data collection
protocols were approved by the ethics committee of Kaifeng University, China (Approval
No. SCTK-2024-033, 15 February 2024). Participants’ confidentiality and anonymity were
assured, and no personally identifiable information was collected [62—-64]. However, consid-
ering the observational nature of the study and the absence of any medical treatment for the
respondents, this study required no formal ethical approval from a local ethics committee.
The data were used only for research, which helped to build trust and to receive honest
answers. Cohen [65] power analysis was used to determine the sample size to ensure
sufficient statistical power. With a medium effect size (f2=0.15), a significance level of
0.05, and a statistical power of 0.80, a sample size of approximately 380 was recommended.
In order to account for possible low response rates, 600 questionnaires were distributed
across the three cities. Of these, 429 were returned, with 404 valid responses after the
removal of incomplete or inconsistent responses, exceeding the recommended sample
size and providing robust, reliable data for analysis. To ensure that the high frequency of
visits to hospitality establishments did not unduly influence responses, the survey design
randomized the question order to minimize bias. Respondents were instructed to consider
general attitudes toward sustainability rather than specific experiences. Table 1 below
presents a summary of the socio-demographic characteristics of the final sample.

Table 1. Socio-demographic detail.

Characteristic Frequency (1) Percentage (%)
Gender
Male 194 48
Female 210 52
Age
Under 20 22 5.4
21-30 164 40.6
3140 127 31.4
41-50 65 16.1
Above 50 26 6.4
Educational Level
High School 49 12.1
Diploma 87 21.5
Bachelor’s Degree 193 47.8
Master’s Degree 60 14.9
Ph.D. or Higher 15 3.7
Monthly Income (RMB)
Less than 3000 65 16.1
3001-5000 119 29.5
5001-8000 108 26.7
8001-10,000 66 16.3
Above 10,000 46 114
Frequency of Visits
1-2 times per month 78 19.3
3-5 times per month 142 35.1
6-8 times per month 116 28.7
More than 8 times 68 16.8

3.2. Measures

To ensure the reliability and validity of the study variables, established scales from
reputable journals were used in operationalizing the variables, and all items were measured
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on a five-point Likert scale from 1 (Strongly Disagree) to 5 (Strongly Agree). The social
media food waste reduction promotion was assessed using a four-item scale adapted from
Herman, et al. [66]. An example item is as follows: “This hospitality services organization
uses clear and compelling messages in social media posts to promote minimizing food
waste”. Social media-driven environmental motivation was measured using a five-item
scale adopted from Alj, et al. [67]. A sample item is as follows: “I enjoy engaging with new
sustainable food practices promoted by hospitality services on social media”. Sustainability-
driven customer happiness was measured using a five-item scale adopted from Ruo-
Fei, et al. [46]. An example item is as follows: “I am happy to support this hospitality
organization’s sustainable food practices”. Gratitude toward food waste initiatives was
measured using a three-item scale adopted from Kim and Park [68]. An example item is
as follows: “I am grateful that this hospitality organization is trying to educate people on
how to practice responsible food and reduce food waste”. Finally, a five-item scale adopted
from Bell and Ulhas [69] was used to assess hospitality customer food waste intentions. A
sample item is as follows: “I strive to minimize the amount of food waste I produce during
my visits to hospitality services”.

To mitigate method bias, procedural remedies were applied during questionnaire
design and data collection. Items were rephrased for clarity, and their order was ran-
domized to reduce patterned responses [70]. Social desirability bias was addressed by
ensuring anonymity and emphasizing that there were no right or wrong answers to encour-
age honesty. Harman's Single-Factor Test was conducted to check for common method
bias [71-73]. Results showed that the largest factor accounted for less than 40% of the
variance, suggesting that bias was not a significant concern and the data were reliable
for analysis.

4. Data Analysis

The measurement model was reliable according to the analysis conducted in SMART-
PLS, as all indicator loadings for the variables were above the recommended threshold of
0.70. The internal consistency was also above the 0.70 threshold [74,75] for each construct,
and the composite reliability was also high. Good convergent validity was confirmed
through the average variance extracted (AVE), exceeding the 0.50 threshold for each con-
struct [76,77]. Table 2 summarizes these findings.

The Fornell-Larcker criterion and Heterotrait-Monotrait (HTMT) ratio were used to
test discriminant validity (Table 3). The Fornell-Larcker criterion compares the square root
of the average variance extracted from each construct to its correlations. To confirm the
discriminant validity, the square root of the AVE is higher than the correlation between the
constructs; the diagonal elements (square root of AVEs) are greater than the off-diagonal
correlations in Table 3 [78-81]. Furthermore, all HTMT values in the table are below 0.90,
suggesting discriminant validity, and it is also observed that all values are below 0.90. For
example, consider the square root of the AVE for GFWI (0.915) exceeds the correlations
with other constructs (e.g., 0.528 with HCFWI). Furthermore, we confirm the constructs
are distinct, with HTMT for GFWI and SDCH being 0.661. Both tests also render adequate
discriminant validity.

The result of hypothesis testing showed significant relationships among the variables
that indicate SMFWP, SMDEM, and SDCH shape HCFWI. Social media promotions had a
significant effect on the path from SMFWP to HCFWI (Beta = 0.320) and thus significantly
influenced customers’ intention to reduce food waste. Furthermore, the SMDEM to SMFWP
path was also significant (Beta = 0.421), showing that social media leads to sustainable
behavior. Results provided support for the relationship between SMDEM and HCFWI
(Beta = 0.175), indicating that environmentally motivated customers have stronger food
waste reduction intentions. Confirming that gratitude increased environmental motivation
to reduce food waste, SMDEM (Beta = 0.071) was also mediated through GFWI. Results
for SMFWP showed a positive effect on SDCH (Beta = 0.415), and SDCH was found to be
significantly related to HCFWI (Beta = 0.428). This indicated a positive relationship between
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customer happiness due to supporting sustainability and food waste reduction intentions.
Additionally, GFWI moderated the effect of SMDEM and SDCH on HCFWI (Beta = 0.017;
Beta = 0.057), such that environmental motivation and happiness increased their influence
on food waste intentions. The model explanatory power is shown by the R-square values.
The model explained 40.9% of the variance for HCFWI. The model explained 43.3% of the
variance in SDCH and 38.2% of the variance in SMDEM. Table 4 includes more detail and
Figure 1 represents the structural model of this study.

Table 2. Quality indicators of the measurement model.

Average Variance

Construct Abbreviation Item Loading Composite Reliability Extracted (AVE)
Gratitude Towards Food GFWI GFWI1 0905 0.94 0838
Waste Initiatives
GFWI2 0.923
GFWI3 0.918
Hospitality Customer
Food Waste Intentions HCFWI HCFWI1 0.932 0.975 0.888
HCFWI2 0.943
HCFWI3 0.953
HCFWI4 0.942
HCFWI5 0.941
Sustainability Driven SDCH SDCH1 0925 0.948 0.785
Customer Happiness
SDCH2 0.738
SDCH3 0.918
SDCH4 0.937
SDCH5 0.896
Social Media-Driven SMDEM SMDEM1 0.822 0.925 0.711
Environmental Motivation
SMDEM2 0.846
SMDEM3 0.851
SMDEM4 0.844
SMDEM5 0.852
Social M§d1a Food Waste SMEWP SMFWP1 0.763 0.865 0.616
Reduction Promotion
SMFWP2 0.763
SMFWP3 0.82
SMFWP4 0.792

Table 3. Discriminant validity.

Construct GFWI HCFWI SDCH SMDEM SMFWP
Correlations and Square Root of AVEs
GFWI 0.915
HCFWI 0.528 0.942
SDCH 0.604 0.77 0.886
SMDEM 0.618 0.708 0.758 0.843
SMFWP 0.476 0.715 0.656 0.655 0.785
HTMT Ratios
GFWI
HCFWI 0.565
SDCH 0.661 0.811
SMDEM 0.69 0.747 0.829
SMFWP 0.446 0.586 0.581 0.614
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Table 4. The results of structural model.

Hypothesis Beta Coefficient S.D. t-Statistics ~ p-Value Lower CI Upper CI R-Square
SDCH — HCFWI (H7) 0.428 0.071 6.001 0.000 0.294 0.570 HCFWI (R? = 0.409)
SMDEM — HCFWI (H3) 0.175 0.064 2.740 0.006 0.042 0.297
SMFWP — HCFWI (H1) 0.320 0.044 7.230 0.000 0.249 0.420
SMFWP — SDCH (H5) 0.415 0.035 11.772 0.000 0.337 0.485 SDCH (R? = 0.433)
SMFWP — SMDEM (H2) 0.421 0.036 11.715 0.000 0.344 0.484 SMDEM (R? = 0.382)
Moderating Effect 1 (H8b) 0.057 0.016 3.653 0.000 0.030 0.090 -
SMFWP — SDCH — HCFWI (H7?) 0.178 0.038 4.688 0.000 0.113 0.267 -
GFWI — SMDEM — HCFWI (H4) 0.071 0.027 2.648 0.008 0.017 0.122 -
Moderating Effect 2 (H8a) 0.017 0.008 2.102 0.036 0.005 0.035 -
0.320 (0.000)
0.100 (0.001)
e 0.415 (0.000)

0.175 (0.006)

HCFWI

0.428 (0.000)

0.133 (0.000)

Moderating
Effect 1

Figure 1. The structural model, showing the hypothesized relationships.

5. Discussion

This study identified several critical direct effects of food waste reduction in the hos-
pitality industry. Social media campaigns are positively related to hospitality customer
food waste intentions and, hence, encourage customers to reduce food waste. This aligns
with recent work that social media can foster pro-environmental behaviors [33]. Further,
the above discussion also aligns with Lau, et al. [82], who acknowledged the role of social
media in shaping customer behavior in the context of food waste. Social media food waste
reduction promotion also directly influences sustainability-driven customer happiness
because customers feel emotional happiness in supporting social media-promoted sustain-
ability efforts. This is in line with previous work from Ruo-Fei, et al. [46], who showed that
emotional responses may be a driver of pro-environmental actions. Furthermore, a posi-
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tive relationship between social media-driven environmental motivation and hospitality
customer food waste intentions implies that those customers with higher environmental
motivation are likely to engage in sustainable behavior [42]. This study also helps to under-
stand how mediating effects affect food waste reduction behaviors. Social media food waste
reduction promotion and hospitality customer food waste intentions were significantly
mediated by social media-driven environmental motivation, meaning that the more food
waste reduction social media campaigns drive environmental motivation, the more food
waste reduction will occur. Motivation is identified as a critical bridge between awareness
and action. Similarly, sustainability-driven customer happiness mediated the relationship
between social media food waste reduction promotion and food waste intentions. This
implies that, in addition to informing, campaigns also promote happiness that leads to sus-
tainable action, thus emphasizing the dual impact of cognitive (motivation) and emotional
(happiness) factors in encouraging the sustainable behavior of customers. The findings of
this study align with recent research emphasizing the role of social media in driving pro-
environmental behaviors. For example, Teoh, et al. [41] highlighted how interactive social
media campaigns can significantly influence food waste reduction behaviors by engaging
users with visually compelling content. Similarly, Jenkins, et al. [83] demonstrated that
social media’s ability to disseminate educational materials enhances consumers’ motivation
for sustainable food practices. Our results corroborate these findings by showing that
social media-driven environmental motivation and sustainability-driven happiness are
significant predictors of food waste reduction intentions.

Gratitude towards food waste initiatives also had a significant moderating role, en-
hancing the relationship between mediators and hospitality customer food waste intentions.
The effects of social media-driven environmental motivation and sustainability-driven
customer happiness were amplified by gratitude, increasing their effect on food waste
reduction intentions. This is consistent with Tam [53] research on gratitude as a motivator
of prosocial behavior and extends it by demonstrating that gratitude increases the effec-
tiveness of sustainability campaigns. Those customers who feel grateful for a hospitality
brand’s sustainability efforts are more likely to be motivated and emotionally engaged and,
therefore, have stronger intentions to reduce food waste. Gratitude promotes cognitive and
emotional processes in the hospitality sector to drive sustainable behavior. Furthermore,
this study advances the literature by introducing gratitude as a moderator, extending
the work of Tam [53], who explored gratitude’s role in amplifying pro-social behaviors.
These contributions emphasize the importance of integrating cognitive and emotional fac-
tors into sustainability-focused social media campaigns to achieve meaningful behavioral
change in the hospitality sector. These findings validate the SOR model. Social media food
waste reduction promotion acts as the external stimulus, triggering internal states, social
media-driven environmental motivation, and sustainability-driven customer happiness
that lead to food waste reduction behaviors. Gratitude further amplifies these internal
states, strengthening their impact on behavior. By integrating cognitive (motivation) and
emotional (happiness, gratitude) factors, this study offers a more complete understanding
of how social media campaigns influence sustainable consumption in hospitality. The SOR
model effectively captures the interaction between external stimuli, psychological states,
and behavior, offering key insights into what drives pro-environmental actions.

5.1. Theoretical Implications

This research is important theoretically and can help push the frontier in terms of
how social media can spur responsible behaviors, in particular in the case of food waste
reduction in the hospitality sector. This study extends the application of the SOR model
to sustainability research to show that external stimuli, such as social media food waste
reduction promotion, can trigger both cognitive and emotional internal states, social media-
driven environmental motivation and sustainability-driven customer happiness, that lead
to concrete behavioral outcomes such as reduced food waste. The integration of cognitive
and emotional factors into the SOR framework in this sophisticated way constitutes a
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major step forward over previous models that fail to recognize the emotional involvement
required for continuous pro-social behavior. In a social media context, this study makes
important theoretical contributions by demonstrating that digital platforms are not just
communication tools but strong behavioral change drivers. The study demonstrates that
social media campaigns aimed at promoting sustainability, specifically food waste reduc-
tion, can have far-reaching psychological effects on consumers, which in turn affects their
motivation and their emotional satisfaction. This research fills a critical gap in the literature
by focusing on the role of social media to generate not only awareness but also emotional
engagement. This demonstrates that social media can serve as a powerful stimulus that
provides the impetus for complex emotional and cognitive responses (i.e., motivation and
happiness), which lead to meaningful behavioral outcomes (i.e., less food waste). This
insight highlights the changing role of social media in sustainability marketing and its
ability to influence other pro-environmental behaviors. In addition, gratitude towards food
waste initiatives is added as a key moderating factor that theoretically disrupts the existing
theoretical paradigms, emphasizing the role of a positive emotional state in amplifying the
effect of social media campaigns. Trusting the SOR model to focus on external stimuli and
internal processing, this research reveals that gratitude is an amplifier of the former two,
which enhances motivation and happiness and, in turn, motivates consumers to act on their
environmental intentions. This is a major contribution to the sustainability and consumer
behavior literature that emphasizes the importance of emotional resonance in stimulating
sustainable consumer actions, particularly in the hospitality industry, which has been
overlooked by environmental psychology and marketing research. Additionally, this study
fills a key gap in the literature by specifically studying the hospitality sector and food
waste reduction and by focusing more deeply on how targeted social media campaigns can
change consumer behavior in this context. The models suggest that responsible behaviors
are not purely rational decisions and are influenced by emotional factors, such as happiness
and gratitude, which have been ignored in previous models. Therefore, this research offers
a robust theoretical base for future work on the role of emotions in sustainability marketing
and a pathway to future work incorporating the integration of emotional and cognitive
responses into broader behavioral theories.

5.2. Practical Implications

These research implications have valuable practical implications for the hospitality
industry, especially in terms of sustainability and reducing food waste. We found that social
media campaigns can indeed be a powerful instrument to influence customer behavior to
more sustainable practices such as saving food waste. Social media platforms provide a
great opportunity for hospitality organizations to design specific campaigns that not only
raise awareness of sustainability efforts but also evoke customer emotions (motivation
and happiness) to encourage customers to participate in sustainability efforts. These
campaigns should be consistent, informative, and emotional and should target tangible
benefits in reducing food waste for the environment and for society as a whole. For
example, the hospitality sector is urged to incorporate gratitude in its messaging, such as
saying ‘thank you’ to customers for helping to keep the industry afloat. Findings from
this study suggest that gratitude enhances the influence of social media-driven motivation
and happiness on plans to reduce food waste. For instance, hospitality organizations
can show appreciation for customers performing sustainability actions through personal
thank you messages or incentives for sustainable behavior, such as discounts or rewards
for customers who decide to reduce waste through portion control or participation in
recycling programs. It can contribute to increasing the emotional relationship between the
customer and the brand and to greater loyalty and more pro-environmental behavior. In
addition, hospitality organizations require their sustainability communications to engage
both cognitively and emotionally. To support the organization’s efforts in this case, we
can use engaging content such as videos, infographics, and interactive posts, which not
only inform but also make them happy and fulfilled to support the organization. In
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fact, hospitality services can enhance their probability of long-term behavioral change by
customers’ emotional satisfaction with working for sustainability initiatives. In addition to
this, they can also organize educational workshops or events that talk about how important
itis to reduce food waste, both online and in person, to a bigger audience. Lastly, hospitality
businesses should measure and monitor the impact of their social media campaigns on
customers’ behavior in order to continuously adjust their strategy. Data analytics tools can
be used by companies to find out which types of messages and content are most effective in
inducing the desired food waste reduction behaviors and to adjust their communications
to have the greatest impact. By doing this, hospitality organizations can lead the global
sustainability movement and help the organization’s own environmental goals and wider
efforts to achieve net zero emissions.

5.3. Limitations and Future Research Directions

This study offers valuable insights, but some limitations must be acknowledged. First,
the data were collected from hospitality customers in three major Chinese cities, which
may limit the generalizability to other regions and cultures where attitudes towards sus-
tainability and food waste may differ. Future research should explore these dynamics
in other countries to account for potential cultural variations. Second, the focus on the
hospitality sector and food waste limits the broader application of these findings. Further
research should examine how social media influences pro-environmental behaviors in
other industries, such as retail or tourism, to see if the same mechanisms of motivation,
happiness, and gratitude apply. Additionally, the use of cross-sectional data prevents
establishing causal relationships between variables. Longitudinal studies could confirm
how sustained exposure to social media campaigns impacts behaviors over time. The
reliance on self-reported data also introduces the risk of social desirability bias, as respon-
dents may overstate pro-environmental intentions. Future studies could use objective
behavioral measures, such as actual food waste reduction data. Finally, exploring other
psychological factors, such as environmental guilt or pride, and examining the effects of
different social media content types (user-generated vs. brand-generated), could provide a
fuller understanding of how digital platforms drive sustainability behaviors.

6. Conclusions

This research provides valuable insights into the role of social media in promoting
pro-environmental behaviors, specifically in the context of food waste reduction in the
hospitality sector. By applying the SOR model, this study demonstrates that social media
food waste reduction promotion can effectively influence hospitality customer food waste
intentions through the mediating effects of social media-driven environmental motivation
and sustainability-driven customer happiness. The findings underscore the importance of
emotional and cognitive factors, showing that both motivation and emotional satisfaction
play crucial roles in driving sustainable behaviors. Furthermore, the moderating role of
gratitude towards food waste initiatives highlights how positive emotional responses can
amplify the impact of social media campaigns on customer behavior. This study contributes
to both the theoretical understanding of consumer behavior in sustainability contexts and
offers practical recommendations for hospitality organizations to leverage social media
as a tool to engage customers in reducing food waste. By incorporating emotionally
resonant messages and expressing gratitude for customer participation in sustainability
initiatives, hospitality businesses can enhance the effectiveness of their environmental
campaigns. While the study is not without limitations, it opens several avenues for future
research, including examining other sectors, expanding geographic scope, and employing
longitudinal designs to better understand the long-term effects of social media-driven
pro-environmental behavior. Overall, this research emphasizes the transformative potential
of social media in promoting sustainability and the critical role of emotional engagement
in achieving meaningful behavioral change.

114



Sustainability 2024, 16, 11296

Author Contributions: Conceptualization, W.C. and M.].; methodology, M.]. and M.H.A ; software,
M.J. and M.H.A.; formal analysis, W.C.; writing—original draft preparation, W.C.; writing—review
and editing, M.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Science and Technology Research Program of Chongqing
Municipal Education Commission (Project No.: KJQN202202405).

Institutional Review Board Statement: This study was approved by the ethics committee of Kaifeng
University, China (Approval No. SCTK-2024-033, 15 February 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Allen, M.R; Friedlingstein, P; Girardin, C.A.; Jenkins, S.; Malhi, Y.; Mitchell-Larson, E.; Peters, G.P.; Rajamani, L. Net zero:
Science, origins, and implications. Annu. Rev. Environ. Resour. 2022, 47, 849-887. [CrossRef]

2. Rajamani, L. The 2015 Paris Agreement: Interplay between hard, soft and non-obligations. J. Environ. Law 2016, 28, 337-358.
[CrossRef]

3. FAO. Tackling Food Loss and Waste: A Triple Win Opportunity. Available online: https://www.fao.org/newsroom/detail /FAO-
UNEP-agriculture-environment-food-loss-waste-day-2022/en (accessed on 20 May 2024).

4. EPA. Global Greenhouse Gas Overview. Available online: https://www.epa.gov/ghgemissions/global-greenhouse-gas-
overview (accessed on 20 May 2024).

5. Liu, C.; Ahmad, N.; Jiang, M.; Arshad, M.Z. Steering the path to safer food: The role of transformational leadership in food
services to combat against foodborne illness. J. Retail. Consum. Serv. 2024, 81, 103958. [CrossRef]

6.  Crippa, M.; Solazzo, E.; Guizzardi, D.; Monforti-Ferrario, F; Tubiello, EN.; Leip, A. Food systems are responsible for a third of
global anthropogenic GHG emissions. Nat. Food 2021, 2, 198-209. [CrossRef]

7. Hertwig, R.; Griine-Yanoff, T. Nudging and boosting: Steering or empowering good decisions. Perspect. Psychol. Sci. 2017, 12,
973-986. [CrossRef]

8. Zaman, U. Seizing momentum on climate action: Nexus between net-zero commitment concern, destination competitiveness,
influencer marketing, and regenerative tourism intention. Sustainability 2023, 15, 5213. [CrossRef]

9. Filimonau, V.; Delysia, A. Food waste management in hospitality operations: A critical review. Tour. Manag. 2019, 71, 234-245.
[CrossRef]

10.  Everitt, H.; van der Werf, P.; Seabrook, J.A.; Gilliland, J.A. Household food wasting in a net-zero energy neighbourhood:
Analyzing relationships between household food waste and pro-environmentalism. Can. Geogr./Géographe Can. 2024, 68, 489-502.
[CrossRef]

11. Ahmed, S.; Stewart, A.; Smith, E.; Warne, T.; Byker Shanks, C. Consumer perceptions, behaviors, and knowledge of food waste in
a rural American state. Front. Sustain. Food Syst. 2021, 5, 734785. [CrossRef]

12.  Septianto, F.; Kemper, J.A.; Northey, G. Thanks, but no thanks: The influence of gratitude on consumer awareness of food waste.
J. Clean. Prod. 2020, 258, 120591. [CrossRef]

13.  Septianto, F.; Kemper, J.; Northey, G.; Andonopoulos, V.; Barbera, M. Let Us Give Thanks: How Gratitude and Message Framing
Can Reduce Food Waste. Adv. Consum. Res. 2019, 47, 684—685.

14. Sansone, R.A.; Sansone, L.A. Gratitude and well being: The benefits of appreciation. Psychiatry 2010, 7, 18. [PubMed]

15. Lin, X;; Yang, R.; Zhang, W.; Zeng, N.; Zhao, Y.; Wang, G.; Li, T.; Cai, Q. An integrated view of correlated emissions of greenhouse
gases and air pollutants in China. Carbon Balance Manag. 2023, 18, 9. [CrossRef] [PubMed]

16. Chloe, W. Food Waste in China and How the Government is Combating It. Available online: https://earth.org/food-waste-in-
china (accessed on 22 May 2024).

17.  Pirani, S.I; Arafat, H.A. Reduction of food waste generation in the hospitality industry. J. Clean. Prod. 2016, 132, 129-145.
[CrossRef]

18. Heskiano, H.; Syah, T.Y.R.; Hilmy, M.R. Social media marketing relations, brand awareness to brand loyalty through the brand
image. J. Multidiscip. Acad. 2020, 4, 208-214.

19. Aljumah, A.; Nuseir, M.; Refae, G. Examining the effect of social media interaction, E-WOM, and public relations: Assessing the
mediating role of brand awareness. Int. J. Data Netw. Sci. 2023, 7, 467-476. [CrossRef]

20. Ahmad, N.; Ahmad, A.; Lewandowska, A.; Han, H. From screen to service: How corporate social responsibility messages on
social media shape hotel consumer advocacy. J. Hosp. Mark. Manag. 2024, 33, 384—413. [CrossRef]

21.  Zhou, X.; Ahmad, N.; Lho, L.H.; Han, H. Social ripple: Unraveling the impact of customer relationship management via social

media on consumer emotions and behavior. Soc. Behav. Personal. Int. ]. 2023, 51, 1-12. [CrossRef]

115



Sustainability 2024, 16, 11296

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Li, Y.; Ahmad, N.; Lewandowska, A. Eco-Chic stays: The influence of green communication on guest booking intentions. J. Vacat.
Mark. 2024, 13567667241293792. [CrossRef]

Bonnici, T.; Briguglio, M.; Spiteri, G.W. Humor helps: An experimental analysis of pro-environmental social media communication.
Sustainability 2023, 15, 5157. [CrossRef]

Ahmad, N.; Samad, S.; Mahmood, S. Sustainable pathways: The intersection of CSR, hospitality and the United Nations’
sustainable development goals. Curr. Issues Tour. 2024, 27, 3924-3943. [CrossRef]

Gupta, S.; Nawaz, N.; Alfalah, A.A; Naveed, R.T.; Muneer, S.; Ahmad, N. The relationship of CSR communication on social
media with consumer purchase intention and brand admiration. J. Theor. Appl. Electron. Commer. Res. 2021, 16, 1217-1230.
[CrossRef]

Ahmad, N.; Naveed, R.T.; Scholz, M.; Irfan, M.; Usman, M.; Ahmad, I. CSR communication through social media: A litmus test
for banking consumers’ loyalty. Sustainability 2021, 13, 2319. [CrossRef]

Ahmad, N.; Ahmad, A.; Siddique, I. Responsible Tourism and Hospitality: The Intersection of Altruistic Values, Human Emotions,
and Corporate Social Responsibility. Adm. Sci. 2023, 13, 105. [CrossRef]

Yuxiang, L.; Ahmad, N.; Linda, H.; Heesup, H. From boardroom to breakroom: Corporate social responsibility, happiness, green
self-efficacy, and altruistic values shape sustainable behavior. Soc. Behav. Personal. Int. ]. 2024, 52, 1-14.

Ahmad, N.; Samad, S.; Han, H. Travel and Tourism Marketing in the age of the conscious tourists: A study on CSR and tourist
brand advocacy. J. Travel Tour. Mark. 2023, 40, 551-567. [CrossRef]

Kurniawan, T.A.; Liang, X.; Goh, H.H.; Othman, M.H.D.; Anouzla, A.; Al-Hazmi, H.E.; Chew, KW.; Aziz, F; Alj, I. Leveraging
food waste for electricity: A low-carbon approach in energy sector for mitigating climate change and achieving net zero emission
in Hong Kong (China). J. Environ. Manag. 2024, 351, 119879. [CrossRef]

De Fano, D.; Schena, R.; Russo, A. Empowering plastic recycling: Empirical investigation on the influence of social media on
consumer behavior. Resour. Conserv. Recycl. 2022, 182, 106269. [CrossRef]

Rachmad, Y.E. Social Media Marketing Mediated Changes In Consumer Behavior From E-Commerce To Social Commerce. Int. |.
Econ. Manag. Res. 2022, 1, 227-242. [CrossRef]

Kong, H.M.; Witmaier, A.; Ko, E. Sustainability and social media communication: How consumers respond to marketing efforts
of luxury and non-luxury fashion brands. . Bus. Res. 2021, 131, 640-651. [CrossRef]

Rini, L.; Schouteten, ].J.; Faber, 1.; Frost, M.B.; Perez-Cueto, FJ.; De Steur, H. Social media and food consumer behavior:
A systematic review. Trends Food Sci. Technol. 2023, 143, 104290. [CrossRef]

Mehrabian, A.; Russell, J.A. An Approach to Environmental Psychology; The MIT Press: Cambridge, MA, USA, 1974.

Talwar, S.; Kaur, P; Kumar, S.; Salo, J.; Dhir, A. The balancing act: How do moral norms and anticipated pride drive food
waste/reduction behaviour? J. Retail. Consum. Serv. 2022, 66, 102901. [CrossRef]

Kumar, A.; Pandey, M. Social media and impact of altruistic motivation, egoistic motivation, subjective norms, and ewom toward
green consumption behavior: An empirical investigation. Sustainability 2023, 15, 4222. [CrossRef]

Guo, L.; Hu, X.; Wei, X; Cai, X. The influence of personal motivation and environmental stimuli on customer participation and
engagement behavior: The mediating role of experience evaluation. J. Hosp. Tour. Technol. 2020, 11, 643-666. [CrossRef]
Sutinen, U.-M.; Narvinen, E. Constructing the food waste issue on social media: A discursive social marketing approach. J. Mark.
Manag. 2022, 38, 219-247. [CrossRef]

Matharu, M.; Gupta, N.; Swarnakar, V. Efforts are made but food wastage is still going on: A study of motivation factors for food
waste reduction among household consumers. Asia Pac. |. Bus. Adm. 2022, 14, 244-264. [CrossRef]

Teoh, C.W.; Koay, K.Y.; Chai, P.S. The role of social media in food waste prevention behaviour. Br. Food ]. 2022, 124, 1680-1696.
[CrossRef]

Nguyen, N.P; Mogaji, E. A theoretical framework for the influence of green marketing communication on consumer behaviour
in emerging economies. In Green Marketing in Emerging Economies: A Communications Perspective; Palgrave Macmillan: Cham,
Switzerland, 2022; pp. 253-274.

Chung, C.D.; Gao, Y.L.; Leung, D. Corporate social responsibility communications on social media and consumers” brand
engagement: A case study of hotels in Hong Kong. In New Technology and Mediated Chinese Tourists; Routledge: Abingdon, UK,
2023; pp. 61-79.

Wibowo, A.; Chen, S.-C.; Wiangin, U.; Ma, Y.; Ruangkanjanases, A. Customer behavior as an outcome of social media marketing:
The role of social media marketing activity and customer experience. Sustainability 2020, 13, 189. [CrossRef]

Brodie, R.J.; Hollebeek, L.D.; Juri¢, B.; Ili¢, A. Customer engagement: Conceptual domain, fundamental propositions, and
implications for research. J. Serv. Res. 2011, 14, 252-271. [CrossRef]

Ruo-Fei, S.; Zeng, ].-Y.; Jin, C.-H. The role of consumer’social capital on ethical consumption and consumer happiness. Sage Open
2022, 12, 21582440221095026. [CrossRef]

Acampora, A.; Preziosi, M.; Lucchetti, M.C.; Merli, R. The role of hotel environmental communication and guests’ environmental
concern in determining guests” behavioral intentions. Sustainability 2022, 14, 11638. [CrossRef]

Allen, M.; Allen, M. Understanding pro-environmental behavior: Models and messages. In Strategic Communication for Sustainable
Organizations: Theory and Practice; Springer: Cham, Switzerland, 2016; pp. 105-137.

116



Sustainability 2024, 16, 11296

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Ravina Ripoll, R.; Romero-Rodriguez, L.M.; Ahumada-Tello, E. Guest editorial: Happiness management: Key factors for
sustainability and organizational communication in the age of Industry 4.0. Corp. Gov. Int. ]. Bus. Soc. 2022, 22, 449-457.
[CrossRef]

Cachero-Martinez, S.; Garcia-Rodriguez, N.; Salido-Andrés, N. Because I'm happy: Exploring the happiness of shopping in social
enterprises and its effect on customer satisfaction and loyalty. Manag. Decis. 2024, 62, 492-512. [CrossRef]

Attiq, S.; Chau, K\Y.; Bashir, S.; Habib, M.D.; Azam, R.I; Wong, W.-K. Sustainability of household food waste reduction: A fresh
insight on youth’s emotional and cognitive behaviors. Int. J. Environ. Res. Public Health 2021, 18, 7013. [CrossRef]

Sirieix, L.; Lala, J.; Kocmanova, K. Understanding the antecedents of consumers’ attitudes towards doggy bags in restaurants:
Concern about food waste, culture, norms and emotions. . Retail. Consum. Serv. 2017, 34, 153-158. [CrossRef]

Tam, K.-P. Gratitude to nature: Presenting a theory of its conceptualization, measurement, and effects on pro-environmental
behavior. J. Environ. Psychol. 2022, 79, 101754. [CrossRef]

Emmons, R.A.; Mishra, A. Why gratitude enhances well-being: What we know, what we need to know. Des. Posit. Psychol. Tak.
Stock Mov. Forw. 2011, 248, 262.

Sun, J.; Ma, B.; Wei, S. Same gratitude, different pro-environmental behaviors? Effect of the dual-path influence mechanism of
gratitude on pro-environmental behavior. J. Clean. Prod. 2023, 415, 137779. [CrossRef]

Syropoulos, S.; Watkins, H.M.; Shariff, A.F.; Hodges, S.D.; Markowitz, E.M. The role of gratitude in motivating intergenerational
environmental stewardship. J. Environ. Psychol. 2020, 72, 101517. [CrossRef]

Septianto, F; Garg, N. The impact of gratitude (vs. pride) on the effectiveness of cause-related marketing. Eur. . Mark. 2021, 55,
1594-1623. [CrossRef]

Witvliet, C.v.; Richie, EJ.; Root Luna, L.M.; Van Tongeren, D.R. Gratitude predicts hope and happiness: A two-study assessment
of traits and states. |. Posit. Psychol. 2019, 14, 271-282. [CrossRef]

Ahmad, N.; Ullah, Z.; Ryu, H.B.; Ariza-Montes, A.; Han, H. From corporate social responsibility to employee well-being;:
Navigating the pathway to sustainable healthcare. Psychol. Res. Behav. Manag. 2023, 16, 1079-1095. [CrossRef] [PubMed]

Liu, Y.; Cherian, J.; Ahmad, N.; Han, H.; de Vicente-Lama, M.; Ariza-Montes, A. Internal corporate social responsibility and
employee burnout: An employee management perspective from the healthcare sector. Psychol. Res. Behav. Manag. 2023, 16,
283-302. [CrossRef] [PubMed]

Fu, B.; Ahmad, N.; Lho, L.H.; Han, H. Triple-E effect: Corporate ethical responsibility, ethical values, and employee emotions in
the healthcare sector. Soc. Behav. Personal. Int. |. 2023, 51, 1-14. [CrossRef]

Ahmad, N.; Han, H.; Kim, M. Elevated emotions, elevated ideas: The CSR-employee creativity nexus in hospitality. |. Serv. Theory
Pract. 2024, 34, 891-914. [CrossRef]

Ahmad, N.; Samad, S.; Han, H. Charting new terrains: How CSR initiatives shape employee creativity and contribute to UN-SDGs
in a knowledge-driven world. J. Innov. Knowl. 2024, 9, 100557. [CrossRef]

Ahmad, N.; Ahmad, A.; Siddique, I. Beyond self-interest: How altruistic values and human emotions drive brand advocacy
in hospitality consumers through corporate social responsibility. Corp. Soc. Responsib. Environ. Manag. 2024, 31, 2439-2453.
[CrossRef]

Cohen, ]. Statistical power analysis. Curr. Dir. Psychol. Sci. 1992, 1, 98-101. [CrossRef]

Herman, L.E.; Udayana, I.B.N.; Farida, N. Young generation and environmental friendly awareness: Does it the impact of green
advertising? Bus. Theory Pract. 2021, 22, 159-166. [CrossRef]

Ali, F; Ashfaq, M.; Begum, S.; Ali, A. How “Green” thinking and altruism translate into purchasing intentions for electronics
products: The intrinsic-extrinsic motivation mechanism. Sustain. Prod. Consum. 2020, 24, 281-291. [CrossRef]

Kim, J.; Park, T. How corporate social responsibility (CSR) saves a company: The role of gratitude in buffering vindictive
consumer behavior from product failures. J. Bus. Res. 2020, 117, 461-472. [CrossRef]

Bell, A.E.; Ulhas, K.R. Working to reduce food waste: Investigating determinants of food waste amongst Taiwanese workers in
factory cafeteria settings. Sustainability 2020, 12, 9669. [CrossRef]

Ahmad, N.; Ullah, Z.; Arshad, M.Z.; waqas Kamran, H.; Scholz, M.; Han, H. Relationship between corporate social responsibility
at the micro-level and environmental performance: The mediating role of employee pro-environmental behavior and the
moderating role of gender. Sustain. Prod. Consum. 2021, 27, 1138-1148. [CrossRef]

Peng, J.; Samad, S.; Comite, U.; Ahmad, N.; Han, H.; Ariza-Montes, A.; Vega-Muifioz, A. Environmentally specific servant
leadership and employees’” Energy-specific pro-environmental behavior: Evidence from healthcare sector of a developing
economy. Int. . Environ. Res. Public Health 2022, 19, 7641. [CrossRef]

Xu, L.; Mohammad, S.J.; Nawaz, N.; Samad, S.; Ahmad, N.; Comite, U. The role of CSR for de-carbonization of hospitality sector
through employees: A leadership perspective. Sustainability 2022, 14, 5365. [CrossRef]

Ahmad, N.; Ullah, Z.; AlDhaen, E.; Han, H.; Ariza-Montes, A.; Vega-Murioz, A. Fostering advocacy behavior of employees: A
corporate social responsibility perspective from the hospitality sector. Front. Psychol. 2022, 13, 865021. [CrossRef]

Ahmad, N.; Ullah, Z.; AlDhaen, E.; Siddique, I. Promoting the advocacy behavior of customers through corporate social
responsibility: The role of brand admiration. Bus. Soc. Rev. 2023, 128, 367-386. [CrossRef]

Han, H.; Al-Ansi, A.; Chua, B.-L.; Ahmad, N.; Kim, J.J.; Radic, A.; Bobby Ryu, H. Reconciling civilizations: Eliciting residents’
attitude and behaviours for international Muslim tourism and development. Curr. Issues Tour. 2022, 9, 1463-1481. [CrossRef]

117



Sustainability 2024, 16, 11296

76.

77.

78.

79.

80.

81.

82.

83.

Chen, J.; Ghardallou, W.; Comite, U.; Ahmad, N.; Ryu, H.B.; Ariza-Montes, A.; Han, H. Managing hospital employees’ burnout
through transformational leadership: The role of resilience, role clarity, and intrinsic motivation. Int. J. Environ. Res. Public Health
2022, 19, 10941. [CrossRef]

Ahmad, N.; Ullah, Z.; AlDhaen, E.; Han, H.; Scholz, M. A CSR perspective to foster employee creativity in the banking sector:
The role of work engagement and psychological safety. . Retail. Consum. Serv. 2022, 67, 102968. [CrossRef]

Ahmad, N.; Ullah, Z.; AlDhaen, E.; Han, H.; Araya-Castillo, L.; Ariza-Montes, A. Fostering hotel-employee creativity through
micro-level corporate social responsibility: A social identity theory perspective. Front. Psychol. 2022, 13, 853125. [CrossRef]
[PubMed]

Fu, Q.; Cherian, J.; Ahmad, N.; Scholz, M.; Samad, S.; Comite, U. An inclusive leadership framework to foster employee creativity
in the healthcare sector: The role of psychological safety and polychronicity. Int. ]. Environ. Res. Public Health 2022, 19, 4519.
[CrossRef] [PubMed]

Deng, Y.; Cherian, ].; Ahmad, N.; Scholz, M.; Samad, S. Conceptualizing the role of target-specific environmental transformational
leadership between corporate social responsibility and pro-environmental behaviors of hospital employees. Int. ]. Environ. Res.
Public Health 2022, 19, 3565. [CrossRef]

Guan, X.,; Ahmad, N.; Sial, M.S.; Cherian, J.; Han, H. CSR and organizational performance: The role of pro-environmental
behavior and personal values. Corp. Soc. Responsib. Environ. Manag. 2023, 30, 677-694. [CrossRef]

Lau, E.A,; Rukmana, A.Y.; Uhai, S.; Mokodenseho, S.; Tapaningsih, W.I.D.A. Mapping Research on the Influence of Social Media
on Consumer Food Behavior a Bibliometric Approach. Eastasouth J. Soc. Sci. Humanit. 2024, 1, 84-94. [CrossRef]

Jenkins, E.L.; Brennan, L.; Molenaar, A.; McCaffrey, T.A. Exploring the application of social media in food waste campaigns and
interventions: A systematic scoping review of the academic and grey literature. J. Clean. Prod. 2022, 360, 132068. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

118



s‘{? sustainability ﬁVI\D\Py

Article

The Environmental and Economic Dynamics of Food Waste and
Greenhouse Gas Emissions: A Causal Time Series Analysis from
2000 to 2022

Salim Yilmaz *, Ahmet Murat Giinal 2, Gizem Kose 3 and Murat Bas 3

Department of Health Management, Faculty of Health Sciences, Acibadem Mehmet Ali Aydinlar University,
Istanbul 34752, Turkey

Department of Nutrition and Dietetics, Faculty of Health Sciences, Halic University, Istanbul 34060, Turkey;
ahmetmuratgunal@halic.edu.tr

Department of Nutrition and Dietetics, Faculty of Health Sciences, Acibadem Mehmet Ali Aydinlar
University, Istanbul 34752, Turkey; gizem.kose@acibadem.edu.tr (G.K.); murat.bas@acibadem.edu.tr (M.B.)
*  Correspondence: salim.yilmaz@acibadem.edu.tr

Abstract: Food loss and waste pose significant social, economic, and environmental chal-
lenges worldwide, threatening food security and hindering sustainable development.
While developing countries primarily face losses during production and storage, devel-
oped nations struggle with waste driven by consumer habits, spoilage, and overstocking,
particularly in markets, restaurants, and homes. This study was aimed to analyze the
complex relationships between food loss, waste, and various economic and environmental
variables. The study examined the effects of variables such as education expenditures, food
security, food prices, greenhouse gas emissions, and carbon emissions per capita on food
losses and waste. These analyses shed light on the development of sustainable food policies
at both national and global levels. Interventions to reduce food loss and waste will not only
optimize food production and consumption processes but will also support a sustainable
management of resources. As a result, this study aimed to understand the long-term
effects of food loss and waste on economic growth, environmental sustainability, and social
welfare. The findings of the study are of great importance in terms of directing future
policies and aim to be an important guide in the transition to sustainable food systems.

Keywords: sustainable food systems; greenhouse gas emissions; food loss and waste

1. Introduction

Food loss and waste stands out as one of the biggest social, economic, and envi-
ronmental problems considering the increasing population and limited natural resources
worldwide. According to the Food and Agriculture Organization of the United Nations
(FAO) [1], approximately one-third of the food produced globally is wasted or lost every
year. This rate shows a serious problem not only for developing countries but also for
developed countries [2]. The high levels of food loss and waste jeopardize food security
worldwide and also make it difficult to achieve sustainable development goals [3]. From
food production to consumption, there may be many losses. While food losses that occur
during the production, harvest, transportation, and storage processes are a fundamental
problem in developing countries, consumer habits and waste culture constitute the main
causes of food losses in developed countries [4-6]. Waste that occurs during the consump-
tion stage is caused by reasons such as spoilage, damaged packaging, misinterpretation of

Sustainability 2025, 17, 775 https://doi.org/10.3390/sul17020775
119



Sustainability 2025, 17, 775

expiration dates, overproduction, and overstocking especially in markets, restaurants, and
homes. These problems reduce food supply efficiency and negatively affect price stability.

The impact of food losses and waste is not limited to the economic issues [7]; it also
leads to serious environmental problems [4]. The waste of natural resources such as energy,
water, and soil used in food production creates great pressure on ecosystems. In addition,
greenhouse gas emissions (GHG) resulting from the sending of discarded food to landfills
contribute to climate change and make it difficult to achieve environmental sustainability
goals [8]. In this context, reducing food losses and waste provides economic gain and
contributes to reduce the carbon footprint and combating climate change [9].

The scope and methodology of the present study have been well-designed to increase
the reliability of the results. In this context, long-term and short-term relationships between
variables were examined using advanced econometric methods [10-13]. The analyses
conducted aimed to reveal guiding information to policy makers on the subject by com-
prehensively addressing the relationships of food loss and waste with different variables.
Additionally, this study offers a unique contribution to the literature by employing a time
series approach to explore the long-term and lagged relationships between food loss and
waste (FLW) and key economic and environmental factors, including education expendi-
ture, greenhouse gas emissions, food insecurity, GDP per capita, and food prices. Unlike
many existing studies that rely on cross-sectional or panel data, our analysis captures tem-
poral dynamics and causal pathways, providing deeper insights into the evolving nature
of these interactions. Additionally, the integration of structural break analysis allows us to
identify critical shifts in FLW trends, shedding light on the impact of external shocks, such
as economic downturns, on sustainability outcomes. These methodological and analytical
advancements position the study as a valuable resource for policymakers and researchers
working towards sustainable food systems.

2. Materials and Methods

The aim of the study was to analyze the dynamic relationships between food loss and
waste and greenhouse gas emission emissions and their effects on the economic, environ-
mental, and social consequences of these factors by analyzing the dynamic relationships
between variables that are critical for sustainability and to examine the relationships of food
loss and waste with various indicators such as economic growth through gross domestic
product per capita, the share of education expenditures in total government expenditures,
greenhouse gas emissions, food prices, and food insecurity. Thus, it was aimed to support
the road maps for societies to reduce food loss and waste and greenhouse gas emissions
and to achieve sustainable development goals by revealing causal relationships. The study
elaborates on the dynamic effects of social problems such as the impact of food price
fluctuations on GHG emissions and the impact of food insecurity on food loss and waste.
Through cointegration analyses including structural breaks, the long-term co-movement
tendencies of food loss and waste and greenhouse gas emissions were examined. It was
envisaged that changes in consumer behavior due to high food prices may contribute to
sustainable food production. In this framework, the relationships between variables such
as education expenditures, food insecurity, greenhouse gas emissions, population growth,
and economic growth were evaluated with food loss and wastage from both short- and
long-term perspectives, causality on each other were investigated, and ways to reduce food
loss and wastage were discussed from the outputs obtained. In addition, the study also
investigates whether the share of education expenditures has a time-dependent decreasing
effect on food loss and food waste and evaluates its long-term effects.
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The research was a longitudinal and causality explanatory time series study based
on secondary data analysis. Table 1 provides information on the variables used and
the sources.

Table 1. The definitions of the variables.

Code Variable Name Source Link Year Range
https:/ /www.fao.org/
FLW Food Loss and Waste FAO platform-food-loss-waste/ 1965-2022
flw-data/en/, accessed on
30 October 2024
https:/ /www.fao.org/
FP Annual FAQ Food Price FAO worldfoo@sﬂuatlon / 1990-2024
Indices foodpricesindex/en/,
accessed on 30 October 2024
https:
. / /ourworldindata.org/
. Our World in Data ¢
GDP GDP Per Capita from World Bank (2023) grapher/ gdp—.per—caprca— 1990-2022
worldbank?time=latest,
accessed on 30 October 2024
https:
. / /data.worldbank.org/
POP Population, total World Bank (2022) indicator,/SP.POP.TOTL, 1960-2023
accessed on 30 October 2024
https://ourworldindata.
Education spending as a Our World in Data org/grapher/share-of-
ES share of total government from World Bank education-in-government- 2000-2022
expenditure World Bank (2024) expenditure, accessed on
30 October 2024
Jones et al. https:
GHG Greenhouse gas emissions (2024)—.w1th major // ourworldlndata..or.g / 1850-2022
(tones) processing by Our greenhouse-gas-emissions,
World in Data. accessed on 30 October 2024
https:
Prevalence of Severe Food / /microdata.worldbank.
FI World Bank (2024) org/index.php/catalog/61 1999-2022

3 [0)
Insecurity (%) 03/study-description,

accessed 30 October 2024

Among the variables obtained in Table 1, data from 2000 to 2022, which was the com-
mon year range, were included in the analysis. Since the share of education expenditures
in total government expenditures was until 2021, the year 2022 was estimated, and the
autoregressive integrated moving average (ARIMA) model was constructed for this. It
was stated that the Food Loss and Waste variable includes transportation, storage, shelling,
threshing, drying, harvesting, and winnowing activities. The sources from which the other
variables were obtained, the coding and explanations of the variables, are presented in
Table 1.

Figure 1 shows the level values and changes of the variables used between 2000 and 2022.

Food Insecurity Index, Food Loss and Waste Index, Food Price Per Capita, total GHG,
GHG Per Capita (divided by population in the same year), population, and GDP Per Capita
variables are given for the period between 2000 and 2022. Educational Spending’s total
government expenditures are given in Figure 1.

For the variable Educational Spending’s share in total government expenditures,
data from 2000 to 2021 were obtained from the source. However, since the 2022 data
needed to be available as in other variables in order to establish a causal relationship
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Food Insecurity

with other variables, the 2022 data were estimated from its own historical data with the
ARIMA model. For this, the Kwiatkowski-Phillips—Schmidt-Shin (KPSS) test was used
from the stationarity assumption test, and it was determined that the data were not sta-
tionary in the first stage (Lagrange Multiplier [LM] test statistics; = 0.48616; Truncation
lag; =2; and p; = 0.04478). Thereupon, logarithmic transformation and first-degree differ-
ence were taken, and the stationarity problem was eliminated (LM test statistics, = 0.072683;
Truncation lagy = 2; and p, = 0.10000). When the existence of seasonality was examined, it
was thought that there may be a repetitive pattern in the function graph, and frequency
spectrum analysis was performed (frequency bandwidth = 0.012), and when examined
together with the autocorrelation function graph, a weak and insignificant autocorrelation
(~0.2 < 0.4[sig.cutoff]) was determined; a pattern that changes in intensity and repeats
itself in a variable manner in 2 to 3 years and an insignificant seasonality was observed.
Accordingly, instead of a seasonal autoregressive integrated moving average (SARIMA),
the autoregressive integrated moving average (ARIMA) model was established on the data
from which the logarithmic transformation difference was taken, and the 2022 education
expenditures were estimated by applying the inverse logarithmic transformation to the
obtained estimation result:

vt = Educational Spendingt and zy = log(y;) for (2000 < t < 2021)

Azy =z — zp—1 = log(y;) —log(ys—1) for (2001 <t < 2021)
Azy = c+ D10z 1 + DAz + ...+ € for (2001 <t < 2021), so
Aoy = c+ D10z + DpAzy_p + ...+ €441 and
Y2022 = exp(z2021 + AZa022)

D2022 = exp (log(y2021 + AZ2022 ) =Y2021 * exp(AZa022)

D022 = exp(log(yaop1) + 1.4213)
ooz = 4.1424

Food Insecurity Trend Over Time Food Loss Trend Over Time

N

N
N,

Food Loss

0 2015 2020 2000 2005 2010 2015 2020
Year Year

Figure 1. Cont.
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Figure 1. Change of variables between 2000 and 2022.

An ARIMA model was created using the data of Educational Spending’s share in total
government expenditures for the years 2000-2021, and a forecast was made for the year
2022. In order to evaluate the accuracy of the model, the estimated value was compared
with the actual value, and the mean absolute error (MAE) and root mean square error
(RMSE) were calculated. The results obtained based on the comparisons of the test and
training datasets including the median year, the last two years, and the last year data
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Educational Spending

showed that the MAE and RMSE values varied between 0.0345 and 0.0093 and remained at
low levels. Thus, it was determined that the model’s predictions had a high accuracy, and
the error rates were minimal, and therefore the new data were reliable.

After the prediction, the education expenditure ratio in GDP between 2000 and 2022 is
given in Figure 2.

Educational Spending Over Time (2000-2022)

N N U &) > H © QA g & QS N U . O b o A \J > Q
O N N O N N N L N N N A N N N s N N N Q>
R S S

= Actual * - Estimated

Figure 2. Trend of Educational Spending as a share of total government expenditure (2000-2022)
with 2022 estimate.

Figure 2 showed the Educational Spending share of total government expenditures
between 2000 and 2022, and 2022 was shown as estimated data with a dashed line. While
rapid increases were seen in 2000-2002 and 2004, a sharp decline in 2019, thought to be due
to the coronavirus-19 outbreak, was notable.

We used the R 4.4.1 program in the analysis of the data. In the assumption tests, the
White test and Breusch-Pagan test were used for homoscedasticity control. Normality
control was performed with the Jarque—Bera test. The Breusch-Godfrey test was used
for autocorrelation control. The Kwiatkowski—Phillips—Schmidt-Shin test was used in
unit root analyses. The Bai—Perron test was used to control multiple structural breaks,
and the Chow test was used to control point breaks. The existence of cointegration was
checked with the Bound test from the Wald test family. In determining the lag length,
the Akaike Information Criterion (AIC) suggestion and the size of the explained variance
were evaluated. In addition, the GHG total and Population Wald-Bound test were scaled
to correspond to two-digit numbers. Toda—Yamamoto and Granger tests were used in
causality tests. The Granger causality test is a widely used test to examine the causality
relationship between two variables over time and evaluates the causality relationship
by analyzing whether the past values of one series can explain the current values of
another series [13]. On the other hand, the Granger test is sensitive to restrictions such
as cointegration, different levels of stationarity, and the presence or absence of structural
break; therefore the Toda—Yamamoto method was used as a complement when there is
cointegration, structural break, or different levels of stationarity [11,13]. The test method
developed by Toda and Yamamoto (1995) was an improved version of the traditional
Granger causality test and allows causality analyses to be performed regardless of whether
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there is cointegration between the series [11]. The Toda-Yamamoto approach increases the
lag length by considering the maximum degree of integration (dmax) of the model and then
tests the causality relationships using the Wald test [10]. In the study, the Toda—Yamamoto
method was preferred in some models in order to accurately detect short-term causality
relationships between the series by considering cointegration and structural breaks between
the variables. Since there was a total of 23 years of observation series, instead of Vector
Error Correction Models in short-term series, Autoregressive Distributed Lag (ARDL),
Unrestricted Error Correction Model (UECM), and Restricted Error Correction Model
(RECM) models, which are effective in the short-term, were used [14]. Error Correction
Term (ECT) was used in the RECM model. The ARDL model is a flexible model used to
examine short-term and long-term relationships together and was preferred especially in
cases where there may be a cointegration relationship between variables [15]. While ARDL
allows analysis of series at different stationarity levels (only I(0) and I(1)), it was preferred
to examine dynamic relationships in the short- and long-term. Then, the UECM model,
which is a derivative of the ARDL model, was used to examine the balance dynamics and
especially to observe how the long-term balance is corrected by short-term shocks [16]. The
RECM model, as a restricted version of the UECM, was used to examine the dynamics of
short-term changes in the long run [12].
The hypotheses determined for the research are as follows:

H1a. The share of education expenditure in total government expenditure has a significant effect on
Food Loss and Waste.

H1b. The share of education expenditure in total government expenditure is a causal determinant
of Food Loss and Waste.

H2a. Food Insecurity has a significant effect on Food Loss and Waste.

H2b. Food Insecurity is a causal determinant of Food Loss and Waste.

H3a. Food Loss and Waste has a significant effect on Food Insecurity.

H3b. Food Loss and Waste is a causal determinant of Food Insecurity.

H4a. Food Loss and Waste has a significant effect on Food Price.

H4b. Food Loss and Waste is a causal determinant of Food Price.

H5a. Food Loss and Waste has a significant effect on greenhouse gas emissions (GHG).
H5b. Food Loss and Waste is a causal factor of greenhouse gas emissions (GHG).

He6a. Food Loss and Waste has a significant effect on greenhouse gas emissions per capita (GHG
Per Capita).

H6b. Food Loss and Waste is a causal factor of greenhouse gas emissions per capita (GHG Per
Capita).

H7a. Food Insecurity has a significant effect on greenhouse gas emissions (GHG).

H7b. Food Insecurity is a causal factor of greenhouse gas emissions (GHG).
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HB8a. Food Insecurity has a significant effect on greenhouse gas emissions per capita (GHG Per
Capita).

HS8b. Food Insecurity is a causal factor of greenhouse gas emissions per capita (GHG Per Capita).
H9a. Food Price has a significant effect on greenhouse gas emissions (GHG).

H9b. Food Price is a causal factor of greenhouse gas emissions (GHG).

H10a. Food Price has a significant effect on greenhouse gas emissions per capita (GHG Per Capita).
H10b. Food Price is a causal factor of greenhouse gas emissions per capita (GHG Per Capita).
H11a. Population has a significant effect on greenhouse gas emissions (GHG).

H11b. Population is a causal factor of greenhouse gas emissions (GHG).

H12a. GDP Per Capita has a significant effect on Food Loss and Waste.

H12b. GDP Per Capita is a causal factor of Food Loss and Waste.

The equations of the research models are listed according to the models as follows:

Model 1:
2 3
FLW; = ag+ Y BiFLW, i+ Y vES;_j + €
i=1 j=1
dmax dmax
FLW; = po + 2 a1 FLW; ;i + 2 ,BZJFLWt —jt Z 01;ES;—i + Z ')/2]E5t —j T €t
i=1 j=3 i=1 j=
Model 2:

4 3
FLW; = ag+ ) BiFLW; i+ ) 71ES;_j + OLDUMMYy, gorenn12 + 02 DUMMY ;1015015 + €2

i=1 j=1
dmax dmax
FLW; = /50+20611FLWt i+ ). BojFLW,_; ZeleSt i+ Z V2 ESt—j + 01 Dummyy, cppo1 + 02 Dummy , ¢y, + €t
i=1 j=4 i=1 j=

Model 3:

3 3
FI; =ao+ Y BiFl—i+ ) viFLW,_j + O\ Dummyy, coreporn + 61 DUMMY,, ¢y0yp 012 + €t

i=1 =1
dmax dmax
FI; = Bo + ZalZFIt i+ 2 BojFl;—j + Z 0iFLW,_i+ Y 72 FLW,_j + 01 DUMIMY 010012 + O2DUMMY 4 10,2012 + €t
i=1 j= =1 j=3

Model 4:

3 3
FPi =ag+ ) BiFP_i+ ) 7 FLW,_;+ e
i=1 j=1
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3 dmax 3 dmax
FPi = Bo+ Y aiFPy_j+ Y BoiFPij+ Y 04 FLW, i+ Y 7 FLW,_j+e;
i=1 j=3 i=1 j=3
Model 5:
2
GHGy =ao+ Y_ BiGHG;_; + YFLW, + ¢
i=1

1
AGHG; =ag+ Y_ BiAGHG;_; + YAFLW; + A(GHG;_1 — FLW;_1) + &
i=1

1
AGHG; = ag+ )_ BiAGHG,_; + YAFLW; + AECT;_1 + €
i=1

2 0
GHG; = /30 + Z x;GHG;_; + GljFLWt_]- + €
i=1 =0

Model 6:

3 3
GHGPerCapita, = ao + ), ;GHGPerCapita,_; + ) | v;FLW;_j + 61 Dummyy, co001 + 62 DUMMY, 10,001 + €t
i=1 =1

2 3
AGHGPerCapita, = ag + Z BiAGHGPerCapita,_; + Z 7AFLW;_j+ A(GHGPerCapita,_; — ¢FLW;_1) + L Dummyy, foren012 + G2 DUMMY ;4010012 + €t
i=1 j=1

2 3
AGHGPerCapita, = ag + Z BiAGHGPerCapita, ;+ )  vjAFLW; ;+AECT; 1 + (51Dummybefor62012 + 52Dummyaft872012 + €
i=1 j=1

3 dmax 3 dmax
GHGPerCapita, = Bo + Y a1;GHGPerCapita, ;+ }. ,BZjGHGPerCapitaF]- + Y 0 FLW, i+ Y 7 FLW;j + 51Dummyb€fm2012
i=1 j=3 i=1 =3
+0 Dummy, ¢o,001, + €t

Model 7:

2 2
GHGt = ag+ ), BiGHG i + ) VjFli—j + 61 Dummys, co, 015 + 02 DUMimy 00015 + €t
i=1 =1

1 2
AGHG; = g + Z BiAGHG,;_; + Z ”y]'AFIt,j +A(GHG;—1 — ¢FI; 1) + & Dummyheforezou + (52Dummyafte,2012 + €
i=1 i=1

ViAFI—j + AECT;_y + &1 Dummyy, g, repo12 + 02 DUMMY, 40015 + €t

1
AGHG; = a9+ Y_ BiAGHG;_; +
i=1 i=1

2
i= j=

dmax 2 dmax

2
GHG; = ,BO + Z w;GHG;_; + Z ‘szGHGt,]' + Z 01;F1;_; + ’)/szIt,]‘ + 51Dummybefore2012 + (52Dummyafter2012 + €t
— — — rd

i=1 j=2 i=1 j
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Model 8:

2 3
GHGPerCapita, = ag + Z BiGHGPerCapita,_; + Z ViFPt—j 4 01 Dummyy, ey 0012 + S2DUMmY , ¢ro0012 + €t
i=1 j=1

1 3
AGHGPerCapita, = ag + Y BiAGHGPerCapita,_;+ Y _ vjAFP,_j+ A(GHGPerCapita,_; — ¢FP;_q) + 01 DUmmyye rorenorn + 02DUMMY 4 1012610 + €1
i=1 j=1

1 3
AGHGPerCapita, = ag + ) iAGHGPerCapita,_;+ ) | vjAFP;_j+ AECT; 1 + 01 Dumimypy, oren010 + S2Dummy, 00015 + €
i=1 j=1

2 dmax 3 dmax
GHGPerCapita, = Bo + Y a1;GHGPerCapita, ;+ ). ,BZjGHGPerCapitat_j + Y 04iFPr i+ Y 7oFPrj+ 151Dummybefon,2012 —+ §2Dummyaﬁmo]2
i=1 j=2 i=1 j=3

+€¢
Model 9:

2
GHGy =ao+ Y_ BiGHG;_; + YFLW; + ¢
i=1

1
AGHG; =ag+ Y_ BiAGHG;_; + YAFLW; + A(GHG;_1 — ¢FLW,;_1) + &
i=1

1
AGHG; = ag+ )_ BiAGHG,_; + YAFLW; + AECT;_1 + ¢
i=1

2 0
GHG; = o+ Y aiGHG_j + Y 01;FLW;_j + ¢
i=1 i=0

Model 10:

2 3
GHGPerCapita, = ag + Z BiGHGPerCapita, ;+ ) viFP;j+6 Dummyy, gorero12 + 52Dummyaft8,2012 + €t
i=1 j=1

1 3
AGHGPerCapita, = ag + Y, BiAGHGPerCapita,_;+ Y vjAFP,_j + A(GHGPerCapita,_; — pFP;_1) + 1 Dummyy, oreno1z + G2DUMMY 100015 + €1
i=1 j=1

1 3
AGHGPerCapita, = ag + Z BiAGHGPerCapita, ;+ )  vjAFPy_j+ AECT;_q + 01 Dummyy,c,yep012 + 02 DUmmy, 0015 + €
i=1 j=1

2 dmax 3 dmax
GHGPerCapita, = Bo + Y a1;GHGPerCapita, ; + ). ,szGHGPerCapitat_j + ¥ 04iFPr i+ Y 7oFPrj+ 0'1Dunﬂﬂyh,fmzo12 + ézDummyﬂfmzou
i=1 j=2 i=1 j=3

+€¢

Model 11:

2
GHGy =g+ Y_ BiGHG;_; + YPOP, + ¢
i=1
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1
AGHG; = ag + Y_ BiAGHG,_; + YAPOP; + A(GHG,_1 — ¢POP; 1) + €
i=1

1
AGHG; = ag + Y _ BiAGHG;_; + YAPOP; + AECT;_1 + €
i=1

2 0
GHG; = o+ Y _a;GHG;_j+ Y _61;POP;_j+¢;
i=1 j=0
Model 12:
2 1
FLW; = a0+ )_ BiFLW, i+ ) 7jGDPPerCapita,_; + €
i=1 j=1
2 dmax 1 dmax
FLW; = Bo+ Y ay;FLW,_; + BoiFLW,_j + ) _ 61;,GDPPerCapita, ; + 72jGDPPerCapita,_; + €
i=1 j=2 i=1 j=1

In the present study, it was aimed to observe the trend effects that change depending
on the break as well as the long- and short-term relationships between the variables through
the relevant models, and the breaks were in 2012 and were the same for both GHG Per
Capita and Food Insecurity. We also interpreted the effects of the break points analyzed with
trend dummy variables. While a 10% margin of error was accepted in the cointegration and
causality tests and long-term balance relationships and causal trends were evaluated, we
used a 5% margin of error in order to provide a stronger level of significance in the models
in general. While examining the short-term and long-term dynamic relationships with these
approaches, we determined the existence or absence of direct causal relationships between
the variables. In some models, the lag length could not be included in the independent
variable according to the AIC and explained variance, and therefore the short-term could
be examined. In addition, in some models, long-term dynamic relationships could not be
examined, and cointegration could not be interpreted because HO hypothesis could not
be rejected as a result of the Bound test. The equations given above were created in this
direction, and the analysis was performed accordingly.

3. Results

For the selection of causality analysis and suitability for the ARDL model, the station-
arity of the variables was tested with unit root analyses (Table 1).

In unit root analyses, the Kwiatkowski-Phillips—Schmidt-Shin test was selected accord-
ing to trend or fixed existence, and Educational Spending and Greenhouse Gas Emission
were made stationary by taking the first difference, and the others were determined to be
stationary as a result of the test. Accordingly, the use of variables in the models and the
selection of causality analyses were carried out (Table 2).

Cointegration analyses were examined according to models in Table 2, while p is the
lag of the dependent variable, q represents the lag of the independent variable, and these
were selected by evaluating them together according to the AIC and R2 of the models.
In addition, cointegration was examined with the Wald-Bound test, and Bai-Perron’s
structural breaks were checked with the Chow test, and if there was no break, and if
there was cointegration, the Granger causality was selected; if there was no structural
break or cointegration, the Toda—Yamamoto causality analysis was selected. If there was
cointegration, the ARDL/UECM-RECM models were selected; otherwise, only the ARDL
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model was used. According to this information, no cointegration was found between
the share of Educational Spending in total government expenditures and Food Loss, and
accordingly, the ARDL and Toda-Yamamoto methods were selected. A break was detected
between Food Insecurity and Food Loss, but no cointegration was found; ARDL and
Toda—Yamamoto methods were proposed. There was a break between Food Loss and Food
Insecurity, but there was no cointegration; the ARDL and Toda—Yamamoto methods were
proposed. No cointegration was found between Food Loss and Food Price; the ARDL
and Toda—Yamamoto methods were used. There was cointegration between Food Loss
and GHG; the ARDL, UECM, and RECM models were selected, and the Granger causality
method was preferred. Break and cointegration were detected between Food Loss and
GHG Per Capita, and the ARDL or UECM-RECM and Toda—Yamamoto methods were
selected. It was found that there was a break and significant cointegration between Food
Insecurity and GHG, and the ARDL, UECM, and RECM methods and the Toda—Yamamoto
method were selected. It was seen that there was a break and strong cointegration between
Food Insecurity and GHG Per Capita, and accordingly the ARDL or UECM-RECM models
and the Toda—Yamamoto causality method were applied. Significant cointegration was
detected between Food Price and GHG, and since it was understood that there was no
structural break, the ARDL and UECM-RECM models were used, and Granger was selected
as the causality analysis method. Since there was a break and cointegration between Food
Price and GHG Per Capita, the ARDL and UECM-RECM models were preferred, and the
Toda—Yamamoto causality method was preferred. Cointegration was detected between
Population and GHG, and since it was determined that there was no structural break,
the ARDL and UECM-RECM models were used, and the Granger causality method was
preferred. It was seen that there was no cointegration between GDP Per Capita and Food
Loss; therefore the ARDL model and the Toda—Yamamoto method were used (Table 3).

Table 2. Unit root tests.

KPSS Test Result (p) for

Variable Codes Result Ha on Non-Stationary Stationary Hypothesis Result
FLW Stationary Level: 0.1379,p > 0.1 Hy cannot be rejected.
FP Stationary Level: 0.1400, p = 0.061 Hj cannot be rejected.
GDP Per Capita Stationary Level: 0.0636, p > 0.1 Hj cannot be rejected.
pPOP Stationary Level: 0.1043,p > 0.1 Hy cannot be rejected.

ES First-Degree Differencing than Stationary Level: 0.0706, p > 0.1 Hj cannot be rejected after diff.

GHG First-Degree Differencing than Stationary Level: 0.0740, p > 0.1 Hy cannot be rejected after diff.
GHG Per Capita Stationary Level: 0.2379,p > 0.1 Hj cannot be rejected.
FI Stationary Level: 0.2230, p > 0.1 Hy cannot be rejected.

Kwiatkowski-Phillips-Schmidt-Shin test.

Table 3. Cointegration and breakpoint analysis results.

Wald-Bound Test Bai-Perron .
No. Models P q and Chow Result Suggested Causality
F Value p-Value Test Model Method
. . No . . Toda—
1 FoodLoss <- EducationalSpending 2 3 2.8281 0.2000 . No cointegration ARDL
breakpoint Yamamoto
2 FoodLoss <- FoodInsecurity 4 3 1.3500 0.7564 Breakpoint No cointegration ARDL Y. Toda-
amamoto
3 FoodInsecurity <- FoodLoss 3 3 1.5663 0.6508 Breakpoint No cointegration ARDL Toda-
Yamamoto
4 FoodPrice <- FoodLoss 3 3 13928 0.6674 No No cointegration ARDL Toda-
breakpoint Yamamoto
. No . . ARDL/UECM-
5 GHG <- FoodLoss 2 0 5.9296 0.0062 breakpoint Cointegration RECM Granger
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Table 3. Cont.

Wald-Bound Test Bai-Perron .
No. Models P q and Chow Result Suggested Causality
F Value p-Value Test Model Method
. . . . ARDL/UECM- Toda—
6 GHG Per Capita <- FoodLoss 3 3 3.8785 0.0877* Breakpoint Cointegration RECM Yamamoto
. . . . ARDL/UECM- Toda—
7 GHG <- FoodInsecurity 2 2 8.0017 0.0008 * Breakpoint Cointegration RECM Yamamoto
8 GHG Per Capita <- FoodInsecurity 1 3 8.7465 0.0001 * Breakpoint Cointegration ARE]E“(/;RJ/IECM- Yar?ai?\(_)to
. No . . ARDL/UECM-
9 GHG <- FoodPrice 2 0 9.2837 0.0004 * breakpoint Cointegration RECM Granger
. . . . . ARDL/UECM- Toda—
10 GHG Per Capita <- FoodPrice 2 3 4.4151 0.0142 Breakpoint Cointegration RECM Yamamoto
. No . . ARDL/UECM-
1 GHG <- Population 2 0 5.5857 0.0097 breakpoint Cointegration RECM Granger
12 FoodLoss <- GDPPerCapita 2 1 23421 03158 No No cointegration ARDL Toda-
breakpoint ‘Yamamoto
p: dependent variable and optimal lag for AIC or R? decision; q: independent variable and optimal lag for AIC or
R? decision; *: significant at 10% margin of error.
Table 4 shows the modeling of temporal dynamics between the share of Educational
Spending in total government expenditures and Food Loss and Waste. The 3-year lagged
effect of Educational Spending (3 = —1.4737) is significant (p = 0.0151) and decreasing on
Food Loss and Waste. However, the model can explain 12.22% of the variance and gives
insignificant results (p = 0.2723).
Table 4. Model 1: the effect of Educational Spending as a share of total government expenditure on
Food Loss and Waste.
Models Independent Variable B SE t p
@ g Intercept (Food Loss and Waste) 6.5724 3.9256 1.6740 0.1180
[
SE " L (Food Loss) —0.1944 0.3498 —0.5560 0.5879
< 3
§ S E L (Food Loss(z) 0.1377 0.3749 0.3670 0.7192
Y £
= ; :‘; ARDL Educational Spending 0.4043 0.6420 0.6300 0.5398
L
2 § L (Educational Spendingy)) 0.5243 0.6061 0.8650 0.4027
= "% L (Educational Spendingz)) 0.1204 0.5412 0.2220 0.8275
L (Educational Spendings) —1.4737 0.5271 —2.7960 0.0151 *

* significant at 5% margin of error; R?%: 0.3994; Adj R?: 0.1222; F-statistic = 1.441; p-value = 0.2723.

In Table 5, the modelings of the temporal dynamics between Food Insecurity and Food
Loss and Waste were shown. Food Insecurity, which showed a decreasing trend until 2012,
resulted in a rapidly increasing trend since 2012, so dummy variables were included in the
model due to the structural break and trend cycle of 2012. The instantaneous effect of Food
Insecurity on Food Loss and Waste is statistically limited in significance and decreasing
(B = —5.4931 and p = 0.0654). The model, which examined long-term relationships and
included the trend, was insufficient to explain the variance.

In Table 6, the modeling of the temporal dynamics was established between Food
Insecurity and Food Loss and Waste. Food Insecurity, which showed a decreasing trend
until 2012, has shown a rapidly increasing trend since 2012, so the structural break and trend
cycle of 2012 were included in the model. The 1-year lagged effect of Food Insecurity on
itself was found to be increasing (3 = 1.3836) and significant (p = 0.0014). The instantaneous
effect of Food Loss and Waste tends to decrease Food Insecurity but has limited significance
(p = 0.0850).
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Table 5. Model 2: the impact of Food Insecurity on Food Loss and Waste.

Models Independent Variable B SE t p
'§ Intercept (Food Loss and Waste) 3.4024 1.6497 2.0620 0.0731
L:‘-/ L (Food Lossy)) —0.7763 0.6029 —1.2880 0.2339
< L (Food Lossy)) —0.4976 0.5697 —0.8730 0.4079
% S L (Food Loss3)) —0.0812 0.6288 —0.1290 0.9005
& g L (Food Loss4)) —0.1461 0.7886 —0.1850 0.8576
é % ARDL Food Insecurity —5.4931 2.5747 —2.1340 0.0654
"§ - L (Food Insecurity ;) 6.9392 4.3233 1.6050 0.1471
: L (Food Insecurity(y)) —2.7969 49105 —0.5700 0.5846
E L (Food Insecurity z)) —0.9204 3.2458 —0.2840 0.7839
Ec Trend Effectpefore 2012) —0.0348 0.2235 —0.1560 0.8800
Trend Effect(after2012) —0.2097 0.3531 —0.5940 0.5690
R?: 0.4816; Adj R?: —0.1665; F-statistic = 0.7431; p-value = 0.6763.
Table 6. Model 3: the impact of Food Loss and Waste on Food Insecurity.
2 Models Independent Variable B SE t p
S Intercept (Food Insecurity) 2.0336 1.4054 1.4470 0.1785
'§ L (Food Insecurity(j)) 1.3836 0.3167 4.3690 0.0014 *
L:", L (Food Insecurity(y)) —0.8464 0.4704 —1.8000 0.1021
.*E’ £ L (Food Insecuritys)) 0.2855 0.3225 0.8850 0.3969
g % ARDL Food Loss —0.0591 0.0309 —1.9120 0.0850
=g L (Food Loss)) —0.0476 0.0617 —0.7720 0.4582
E L (Food Loss(y)) 0.0066 0.0600 0.1100 0.9148
& L (Food Losss)) 0.0349 0.0568 0.6140 0.5528
:g Trend Effectpefore 2012) —0.0033 0.0149 —0.2200 0.8304
= Trend Effectafter 2012) 0.0518 0.0351 1.4790 0.1700

* significant at 5% margin of error; for ARDL Model: R?: 0.9815; Adj R?: 0.9648; F-statistic = 58.81; p-value =

1.774 x 10~7.

The temporal dynamics established between Food Price and Food Loss and Waste

were shown in Table 7. The 1-year delayed effect of Food Price on itself was found to be

increasing (3 = 0.8022) and significant (p = 0.0143). The instantaneous and delayed effects

of Food Loss and Waste were not found to be significant (p > 0.05).

In Table 8, the temporal dynamics established between GHG and Food Loss and

Waste were evaluated. Although Food Loss and Waste increased GHG instantly, it had no

significant effect (p = 0.3381). GHG was affected by its previous period and had a positive

increasing cumulative effect (B = 0.5591 and p = 0.0241). In the long-term, it has been

determined that GHG may resist fluctuations in the previous period and has a corrective

significant effect on its trend in the current period (8 = —0.6261 and p = 0.0271). Apart

from all these, the cointegration coefficient of Food Loss and Waste and GHG was positive

(B = 38.6367) but does not have sufficient statistical significance (p = 0.3713).
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Table 7. Model 4: effect of Food Loss and Waste on Food Price.

Models Independent Variable B SE t p
, Intercept (Food Price) 3.1739 2.97044 1.068 0.3063
vV 9
Y ':'r@ L (Food Price(y)) 0.8022 0.2803 2.862 0.0143 *
- E L (Food Price(y)) —0.3854 0.3662 —1.053 0.3133
B £
g = L (Food Price(s)) 0.3878 0.2833 1.369 0.1961
=2 ARDL
% 9 Food Loss 3.1516 3.3118 0.952 0.3601
< ‘g L (Food Loss)) —3.5135 4.0124 —0.876 0.3984
== L (Food Loss(2)) —3.4758 43728 —0.795 0.4421
L (Food Loss)) 1.8831 4.7804 0.394 0.7006
* significant at 5% margin of error; for ARDL Model: R2: (.7445; Adj R2: 0.5955; F-statistic = 4.996;
p-value = 0.007495.
Table 8. Model 5: the impact of Food Loss and Waste on GHG.
Models Independent Variable B SE t 4
@ Intercept (GHG) 0.6275 0.2388 2.6280 0.0176 *
s L (GHG()) 0.5591 0.2258 2.4760 0.0241 *
= ARDL
2 L (GHG(y) 0.3148 0.2116 1.4880 0.1551
&
@ Food Loss 0.0162 0.0164 0.9860 0.3381
o
_'; Intercept (GHG) 0.6275 0.2388 2.6280 0.0176 *
o
2 L (d_GHG)) —0.1261 0.0495 —2.5470 0.0208 *
) UECM
é L (FoodLossy)) 0.0162 0.0164 0.9860 0.3381
5 d (L(d_GHG)) —0.3148 0.2116 —1.4880 0.1551
10 Intercept (GHG) 0.0599 0.0202 2.9680 0.0086 *
—°g’ RECM L(ECT) —0.6261 0.2588 —2.4190 0.0271 *
= d (Food Loss) 0.0052 0.0130 0.3990 0.6951
Cointegration Coefficient 38.6367 38.6367 42.3303 0.9127

* significant at 5% margin of error; for ARDL Model: R?: 0.9535; Adj R?: 0.9453; F-statistic = 116.3; p-value =
1.575 x 10711,

The temporal dynamics established between GHG Per Capita and Food Loss and
Waste are shown in Table 9. In addition, since GHG Per Capita followed an increasing
trend before 2012 and a decreasing trend after 2012, the trend effect was also included in
the model. GHG Per Capita’s positive significant effect on itself with a 1-year delay was
determined in the model (3 = 0.8975). In addition, the inverse relationship with the trend
before 2012 tended to turn into a positive relationship after 2012. GHG Per Capita tends to
correct its instantly changing dynamics in the long-term (3 = —1.2616), and this situation
is statistically significant (p = 0.0006). It was also determined that changes in Food Loss
and Waste tend to positively affect GHG Per Capita (3 = 0.0281), but this was of limited
statistical significance (p = 0.0688). It was determined that GHG Per Capita and Food Loss
and Waste act together in the long-term (3 = 42.9738), but the statistical significance was
not sufficient (p = 0.2420).
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Table 9. Model 6: the impact of Food Loss and Waste on GHG Per Capita.

Model 6: GHG Per Capita <- Food Loss and Waste

Models Independent Variable B SE t p
Intercept (GHG Per Capita) —4.1631 4.1548 —1.0020 0.3457
L (GHG Per Capita(y)) 0.8975 0.2740 3.2760 0.0113 *
L (GHG Per Capita(y)) 0.1064 0.3611 0.2950 0.7758
L (GHG Per Capita)) 0.2549 0.3637 0.7010 0.5033
L (GHG Per Capita(y)) 0.3189 0.3561 0.8950 0.3967
ARDL Food Loss —0.0272 0.0458 —0.5930 0.5696
L (Food Lossy)) —0.0024 0.0455 —0.0530 0.9587
L (Food Loss(y)) 0.0718 0.0399 1.7980 0.1098
L (Food Loss3)) 0.0077 0.0390 0.1980 0.8480
Trend Effect,efore 2012) 0.0321 0.0157 2.0440 0.0752
Trend Effect(after 2012) —0.0291 0.0280 —1.0400 0.3288
Intercept (GHG Per Capita) 4.6672 1.4366 3.2490 0.0087 *
L (GHGPerCapita()) —0.7544 0.2379 —3.1720 0.0100 *
L (FoodLoss(y)) 0.1469 0.0786 1.8680 0.0913
Trend Effect,efore 2012) —0.0025 0.0100 —0.2550 0.8039
Trend Effectafier 2012) 0.0205 0.0143 1.4330 0.1823
UECM d (L(GHG Per Capita(y))) —0.2222 0.2303 —0.9650 0.3574
d (L(GHG Per Capita(y))) —0.1413 0.2995 —0.4720 0.6471
d (Food Loss) 0.0294 0.0235 1.2500 0.2399
d (L(Food Loss(yy)) —0.0865 0.0590 —1.4670 0.1731
d (L(Food Loss())) —0.0379 0.0403 —0.9420 0.3683
Intercept (GHG Per Capita) —0.0065 0.0461 —0.1410 0.8898
L (ECT) —1.2616 0.2855 —4.4180 0.0006 *
RECM d (Food Loss) 0.0281 0.0142 1.9710 0.0689
Trend Effectpefore 2012) —0.0060 0.0069 —0.8620 0.4030
Trend Effectafier 2012) 0.0086 0.0085 1.0100 0.3297
Cointegration Coefficient 4297382 42.9738 35.7407 1.2024

* significant at 5% margin of error; for ARDL Model: RZ: 0.762; Adj R%: 0.5477; F-statistic = 3.556;
p-value = 0.03037.

The temporal dynamics established between GHG and Food Insecurity are shown
in Table 10. The instantaneous effect of Food Insecurity on GHG was significant and
decreasing (3 = —0.3815 and p = 0.0244). Short-term changes in Food Insecurity were also
negatively related to GHG. In the long-term model, the trend after the 2012 break created a
positive relationship between GHG and Food Insecurity, but this effect was determined
to be of limited significance (p = 0.0815). In addition, GHG and Food Insecurity tend to
move together in the long-term (8 = 1.0237), but this relationship was not statistically
significant enough.

In Table 11, the temporal dynamics were established between GHG Per Capita and
Food Insecurity. The instantaneous decreasing effect of Food Insecurity on GHG Per Capita
was determined (3 = —0.4918 and p = 0.0009). The structural break in 2012 revealed a
negative significant relationship between them (f = —0.0151 and p = 0.0332). In addition,
dynamic changes in Food Insecurity tend to decrease GHG Per Capita (3 = —0.3815 and
p = 0.0244). This situation was also valid in the long-term, and Food Insecurity creates
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a decreasing effect on GHG Per Capita ( = —0.3450 and p = 0.0338). In addition, GHG
Per Capita and Food Insecurity have a tendency to move negatively in the long run
(B = —2.0822), but its statistical significance was not sufficient (p = 0.1320).

Table 10. Model 7: Food Insecurity’s Effect on GHG.

Model 7: GHG <- Food Insecurity

Models Independent Variable B SE t 4
Intercept (GHG) 3.8839 3.7308 1.0410 0.3168
L (GHG()) 0.3202 0.2937 1.0900 0.2954
L (GHG(y) 0.2388 0.3146 0.7590 0.4614
Food Insecurity —0.3815 0.1499 —2.5450 0.0244 *
ARDL L (Food Insecurityy)) 0.3803 0.2079 1.8290 0.0904
L (Food Insecurity o)) —0.1663 0.1403 —1.1850 0.2572
Trend Effectpefore 2012) —0.0009 0.0068 —0.1280 0.9004
Trend Effectafter 2012) 0.0529 0.0579 0.9140 0.3771
Intercept (GHG) 3.8839 3.7308 1.0410 0.3168
L (d_GHGy)) —0.4410 0.4226 —1.0430 0.3158
L (Food Insecurity i)) —0.1675 0.1725 —0.9710 0.3492
Trend Effectpefore 2012) —0.0009 0.0068 —0.1280 0.9004
UECM Trend Effect zfer 2012) 0.0529 0.0579 0.9140 0.3771
d (L(d_GHG)) —0.2388 0.3146 —0.7590 0.4614
d (Food Insecurity) —0.3815 0.1499 —2.5450 0.0244 *
d (L(Food Insecurity ))) 0.1663 0.1403 1.1850 0.2572
Intercept (GHG) 4.8631 0.1222 39.7820 <2 x 10716 *
L (ECT) 0.3905 0.9692 0.4030 0.6927
RECM d (Food Insecurity) 0.4008 0.3115 1.2870 0.2177
Trend Effect,efore 2012) —0.0010 0.0222 —0.0460 0.9637
Trend Effect(after 2012) 0.0436 0.0233 1.8680 0.0815
Cointegration Coefficient 1.023663 1.0237 2.5722 0.3980

* significant at 5% margin of error; for ARDL Model: R%* 0.9711; Adj R*: 0.9555; F-statistic = 62.33;
p-value = 5.464 x 107°.

In Table 12, the temporal dynamics were established between GHG and Food Price.
Food Price had an increasing effect on GHG in the short-term (3 = 0.4681 and p = 0.0304).
It also had an increasing effect momentarily (3 = 0.0025 and p = 0.0237). In this model,
GHG has been found to return to its own trend in the long-term and to be less affected
and corrected by changing dynamics in the long-term (3 = —0.7300 and p = 0.0092). In the
long-term, Food Price and GHG tend to move together (3 = 294.8786), and this is of limited
significance (p = 0.0711).

In Table 13, the temporal dynamics were established between Food Price and GHG
Per Capita. Structurally, the 2012 break has created a significant effect on the relationship
between Food Price and GHG Per Capita, turning it negative (3 = —0.0498 and p = 0.0033).
While short-term changes in Food Price have created a significant effect that makes it
difficult for GHG Per Capita to return to its trend (3 = 0.0060 and p = 0.0157), GHG Per
Capita has a corrective effect that quickly returns to its trend after short-term changing
dynamics in the system ( = —1.0554 and p = 0.0025). In the long-term, the changing
dynamics of Food Price have created a significant effect that reduces GHG Per Capita
(B = —1.1380 and p = 0.0008). On the other hand, in the long run, GHG Per Capita and Food
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Price move together (3 = 378.9154), but this does not have a sufficient statistical significance

(p = 0.1557).

Table 11. Model 8: Food Insecurity’s impact on GHG Per Capita.

Model 8: GHG Per Capita <- Food Insecurity

Models Independent Variable B SE t p
Intercept (GHG) 1.4228 2.4004 5.9280 0.0001 *
L (GHG)) —0.5426 0.2509 —2.1620 0.0515
Food Insecurity —0.4918 0.1122 —4.3820 0.0009 *
L (Food Insecurity i)) 0.0168 0.2019 0.0830 0.9351
ARDL L (Food Insecurity ) 0.3737 0.2174 1.7190 0.1113
L (Food Insecurity ) —0.2278 0.1187 —1.9200 0.0789
Trend Effectpefore 2012) —0.0151 0.0063 —2.4060 0.0332 *
Trend Effectafter2012) 0.0127 0.0149 0.8540 0.4098
Intercept (GHG) 3.8839 3.7308 1.0410 0.3168
L (GHG)) —0.4410 0.4226 —1.0430 0.3158
L (Food Insecurity i)) —0.1675 0.1725 —0.9710 0.3492
Trend Effectp,efore 2012) —0.0009 0.0068 —0.1280 0.9004
UECM Trend Effectager 2012) 0.0529 0.0579 0.9140 0.3771
d (L(GHGy))) —0.2388 0.3146 —0.7590 0.4614
d (L(Food Insecurity)) —0.3815 0.1499 —2.5450 0.0244 *
d (L(Food Insecurity(y))) 0.1663 0.1403 1.1850 0.2572
Intercept (GHG) —0.0049 0.0633 —0.0770 0.9399
L (ECT) —1.0240 0.6114 —1.6750 0.1162
RECM d (Food Insecurity) —0.3450 0.1467 —2.3520 0.0338 *
Trend Effectefore 2012) —0.0037 0.0113 —0.3290 0.7471
Trend Effectafter 2012) 0.0086 0.0112 0.7660 0.4564
Cointegration Coefficient —2.082163 —2.0822 1.3310 —1.5644

* significant at 5% margin of error; for ARDL Model: R% 0.9026; Adj R?: 0.8458; F-statistic = 15.89,

p-value = 3.417 x 107°.

Table 12. Model 9: Food Price Impact on GHG.

Model 9: GHG<- Food Price

Models Independent Variable [§] SE t p
Intercept (GHG) 0.9464 0.2432 3.8910 0.0012 *
L (GHG()) 0.4681 0.1982 2.3620 0.0304 *
ARDL
L (GHG(y)) 0.3053 0.1778 1.7180 0.1040
Food Price 0.0025 0.0010 2.4840 0.0237 *
Intercept (GHG) 0.9464 0.2432 3.8910 0.0012 *
L (GHG()) —0.2266 0.0618 —3.6680 0.0019 *
UECM
Food Price 0.0025 0.0010 2.4840 0.0237 *
d (L(GHG3))) —0.3053 0.1778 —1.7180 0.1040
Intercept (GHG) 0.0501 0.0183 2.7360 0.0141 *
RECM L (ECT) —0.7300 0.2486 —2.9360 0.0092 *
d (FoodPrice) 0.0024 0.0012 1.9660 0.0659
Cointegration Coefficient 294.8786 294.8786 155.5032 1.8963

* significant at 5% margin of error; for ARDL Model: R%: 0.964; Adj R%: 0.9576; F-statistic = 151.6,

p-value = 1.826 x 10712,
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Table 13. Model 10: Food Price’s impact on GHG Per Capita.

Model 10: GHG Per Capita <- Food Price

Models Independent Variable B SE t p

Intercept (GHG Per Capita) 6.9200 1.7464 3.9620 0.0022 *

L (GHG Per Capita()) —0.0109 0.2535 —0.0430 0.9665

L (GHG Per Capita (3)) —0.0445 0.2089 —0.2130 0.8352

Food Price 0.0030 0.0019 1.5650 0.1458

ARDL L (Food Price(y)) 0.0004 0.0026 0.1420 0.8896
L (Food Price(y)) 0.0003 0.0025 0.1000 0.9218

L (Food Prices)) 0.0024 0.0019 1.2500 0.2371

Trend Effectefore 2012) 0.0083 0.0087 0.9490 0.3630
Trend Effect(yfer 2012) —0.0498 0.0133 —3.7350 0.0033 *
Intercept (GHG Per Capita) 6.9200 1.7464 3.9620 0.0022 *
L (GHG Per Capita(y)) —1.0554 0.2705 —3.9010 0.0025 *
L (Food Price(y)) 0.0060 0.0021 2.8530 0.0157 *

Trend Effectpefore 2012) 0.0083 0.0087 0.9490 0.3630

UECM Trend Effect(afer 2012) —0.0498 0.0133 —3.7350 0.0033 *
d (L(GHG Per Capita()) 0.0445 0.2089 0.2130 0.8352

d (Food Price) 0.0030 0.0019 1.5650 0.1458

d (L(Food Price(y))) —0.0027 0.0022 —1.2290 0.2448

d (L(Food Price(y))) —0.0024 0.0019 —1.2500 0.2371

Intercept (GHG Per Capita) —0.6904 0.1965 —3.5140 0.0031 *

L (ECT) —0.0065 0.0450 —0.1450 0.8865

RECM d (Food Price) —1.1380 0.2659 —4.2790 0.0008 *
Trend Effectpefore 2012) 0.0035 0.0015 2.2890 0.0381 *

Trend Effectafter2012) —0.0025 0.0074 —0.3390 0.7399

Cointegration Coefficient 378.9154 378.9154 257.7324 1.4702

* significant at 5% margin of error; for ARDL Model: R2: 0.7306; Adj R2%: (0.5347; F-statistic = 3.73,
p-value = 0.02354.

The temporal dynamics were established between Population and GHG in Table 14.

It was found that GHG has a significant cumulative increasing effect on itself (3 = 0.6059
and p = 0.0135). In addition, GHG tends to correct itself by quickly returning to its trend in
short-term changes with limited statistical significance ( = —0.5375 and p = 0.0559). In the
long-term, it was found that there is a tendency for Population and GHG to move together
(B = 6.3145), but this situation was not statistically significant (p = 0.5351).

In Table 15, the temporal dynamics established between GDP Per Capita and Food
Loss and Waste. No statistically significant relationship was found in the two-year lagged
model (p > 0.05). The instantaneous effect of GDP on Food Loss and Waste was found to
be increasing (3 = 0.3114) but was not found to have a sufficient statistical significance
(p = 0.770). In addition, the model is far from being significant in explaining the variance
(p = 0.9624).
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Table 14. Model 11: Population impact on GHG.

Models Independent Variable B SE t p
Intercept (GHG) 0.5268 0.2974 1.7710 0.0945
L (GHG()) 0.6059 0.2198 2.7570 0.0135 *
g ARDL
£ L (GHGy) 0.1770 0.2289 0.7730 0.4500
E Population 0.0851 0.1285 0.6620 0.5167
o
i Intercept (GHG) 0.5268 0.2974 1.7710 0.0945
\
) L (d_GHGy)) —0.2171 0.1614 —1.3450 0.1963
T UECM
0 Population 0.0851 0.1285 0.6620 0.5167
= d (L(GHG)) —0.1770 0.2289 —0.7730 0.4500
§ Intercept (GHG) 0.1026 0.2789 0.3680 0.7175
= RECM L (ECT) —0.5375 0.2619 —2.0520 0.0559
d (Population) —0.5106 3.3843 —0.1510 0.8818
Cointegration Coefficient 6.314508 6.3145 10.0202 0.6302

* significant at 5% margin of error; for ARDL Model: R?%: 0.9521; Adj R2: 0.9437; F-statistic = 112.7;
p-value = 2.032 x 101,

Table 15. Model 12: GDP Per Capita’s impact on Food Loss and Waste.

. Models Independent Variable B SE t 4
§ ;; ";; Intercept (FoodLoss) 3.2608 3.2967 0.9890 0.3370
: § L'): L(FoodLoss(y)) —0.0014 0.3612 —0.0040 0.9970
5 'g E ARDL L(FoodLoss(y)) —0.1181 0.3711 —0.3180 0.7540
§ § 8 GDP 0.3114 1.0483 0.2970 0.7700
- L(GDP(yy) —0.2042 1.0442 —0.1960 0.8470

R?: 0.03508; Adj R?: —0.2062; F-statistic = 0.1454; p-value = 0.9624.

When the causality analysis results were examined, it was found that Educational
Spending, the share of total government expenditure, has no significant causality on Food
Loss and Waste (p = 0.1598). Food Insecurity was a significant cause of Food Loss and
Waste (p < 0.001). Food Loss and Waste had no causal effect on Food Insecurity (p = 0.5134).
Again, Food Loss and Waste had no significant causality on Food Price (p = 0.5652). Also,
Food Loss and Waste did not have a direct causal effect on GHG (p = 0.8496). On the other
hand, Food Loss and Waste had a significant causality on GHG Per Capita (p = 0.0219).
Food Insecurity had no causal effect on GHG (p = 0.5805). But Food Insecurity was a
significant cause of GHG Per Capita (p < 0.001). Food Price did not have a direct causal
effect on GHG (p = 0.3193). Also, Food Price had no causal effect on GHG Per Capita (p
= 0.9115). Population was a significant cause of GHG (p = 0.0171). GDP Per Capita was a
significant cause of Food Loss and Waste (p = 0.0939) (Table 16).

Table 16. Causality analysis results.

No. Model X2/F df P Result
1 Food Loss and Waste <- Educational Spending 7.936342 5 0.1598 Hj could not be rejected.
2 Food Loss and Waste <- Food Insecurity 76.3294y> 7 <0.001 *** Hyp was rejected.
3 Food Insecurity <- Food Loss and Waste 5.2403y> 7 0.5134 Hj could not be rejected.
4 Food Price <- Food Loss and Waste 4.8349,, 6 0.5652 Hy could not be rejected.
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Table 16. Cont.

No. Model X2/F df P Result
5 GHG <- Food Loss and Waste 0.1639¢ ;ffl'gé 0.8496 Hy could not be rejected.
bR
6 GHG Per Capita <- Food Loss and Waste 14.7953,» 6 0.0219 ** Hy was rejected.
7 GHG <- Food Insecurity 2.8660y2 4 0.5805 Hj could not be rejected.
8 GHG Per Capita <- Food Insecurity 41.2964y, 7 <0.001 *** Hy was rejected.
9 GHG <- Food Price 1.1863F dcifl, gb 0.3193 Hp could not be rejected.
2.
10 GHG Per Capita <- Food Price 2.0872y2 6 0.9116 Hy could not be rejected.
11 GHG <- Population 4.6773F c(liffl-:faz(; 0.0171 ** Hy was rejected.
2.
12 Food Loss and Waste <- GDP Per Capita 6.3950y2 3 0.0939 * Hy was rejected.

x%:Toda-Yamamoto technique; F: Granger causality; *: p < 0.1; **: p < 0.05; **: p < 0.01.

4. Discussion

This study explores the complex relationships between food loss and waste (FLW),
greenhouse gas (GHG) emissions, and economic indicators such as education spending,
food insecurity, GDP per capita, and food prices across short- and long-term frameworks.
The analysis identifies several critical insights into how these variables interact, underscor-
ing both direct and indirect impacts on sustainability efforts.

This study identifies a significant three-year lagged effect of education spending on
reducing FLW, although evidence for a direct causal relationship remains insufficient. This
finding suggests that sustainability issues, particularly food waste reduction, may not yet
be a key focus within the educational sector. However, the delayed impact underscores the
potential for long-term benefits from strengthened education-based sustainability programs.
Greater emphasis on sustainability principles in education, particularly regarding food
resource management, could lead to more immediate and potentially causal reductions in
FLW. Previous research supports the role of education in food loss reduction [17,18] and
facilitating food waste reduction [19]. Future studies using longer datasets could clarify
whether the observed lagged relationship evolves into a definitive causal link, reinforcing
the importance of education as a strategic driver in promoting sustainable food systems.

The relationship between food insecurity and FLW reveals complex dynamics. While
no significant direct impact of food insecurity on FLW was found, evidence suggests a
minor immediate reduction in FLW during heightened food insecurity, likely due to precau-
tionary behaviors to conserve resources. Diana et al. [20] also observed reduced household
food waste with increased food insecurity, though income significantly influenced this
relationship.

A seven-year lagged model suggests that FLW may contribute to worsening food
insecurity over time by reducing resource availability. Studies in Iran and China sup-
port this, showing that FLW reduction enhances food security by increasing resource
access [21,22]. Extended datasets are needed to fully capture these long-term interactions.

Food insecurity exhibits a self-reinforcing trend, where higher levels persist and
worsen over time. Wang et al. [23] highlighted this path dependency, noting transitions to
high insecurity are more likely than reversals. These findings underscore the vicious cycle
of food insecurity.

A structural break in 2012, marking a shift from declining to rising food insecurity,
coincided with a stronger alignment between food insecurity and FLW trends. While FLW
does not directly cause food insecurity, the causative link from food insecurity to FLW and
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the post-2012 trends emphasize the need for interventions to reduce FLW. Targeted efforts
could mitigate food insecurity’s impact and improve resource stability [4].

In line with prior studies [5,6], our findings suggest that FLW has a minimal impact
on food prices with no clear causal relationship, though there is a slight, positive lagged
effect after one year, which might reflect cumulative impacts. This observation aligns with
Aschemann-Witzel et al. [24], who noted that food waste reduction does not directly lower
food prices due to the indirect nature of these economic effects. However, the lagged
effect suggests a potential cumulative impact, aligning with arguments by Buzby and
Hyman [25] that FLW influences food supply dynamics, which might impact prices over
the long-term. These cumulative effects likely emerge from broader economic fluctuations
and input costs (e.g., fuel and labor), supporting the complex relationship between FLW
and market stability [1].

Regarding GDP per capita, while no direct dynamic relationship with FLW was
observed, a limited level of causality was detected based on prior FLW levels and a two-
year lagged effect from GDP per capita. This indicates that GDP per capita may, to a limited
extent, act as a contributing factor to FLW. Moreover, although not statistically significant,
higher GDP per capita values show an immediate reactive association with increased FLW,
suggesting that economic growth could indirectly lead to higher waste through increased
production and consumption patterns [26].

Our findings indicate a positive cointegration between FLW and GHG emissions
without a statistically significant causal relationship in the temporal analysis. However, a
positive cointegration coefficient suggests a long-term tendency for them to move together,
warranting further research with longer datasets. This may relate to food production’s
resource-intensive nature, as Scherhaufer et al. [7] noted. FLW shows a short-term tendency
to increase GHG emissions, though this is not statistically significant, indicating stronger
influences from other factors [27]. On the other hand, a significant causal relationship
was found between FLW and GHG emissions per capita in a six-year lagged model. The
results also showed that FLW and GHG per capita tend to move together in the long-term.
Additionally, while the long-term effects were limited in significance, FLW was found to
have an increasing effect on GHG per capita as it grows [2].

An important observation from the findings is that the GHG system demonstrates
resilience to fluctuations in prior periods, indicating a tendency to maintain long-term
stability. Moreover, GHG emissions per capita demonstrated a lagged self-reinforcing effect,
with a corrective role in maintaining its overall trend. This underscores the necessity of
swift and decisive measures to slow the upward trend in GHG emissions [28].

The study’s identification of a structural break in 2012 corresponds with a decoupling
between GHG emissions and population growth aligning with the literature suggesting
that advancements in low-emission agricultural technologies and energy efficiency may
help mitigate per capita emissions [29]. However, the resilience of GHG levels and their ten-
dency to stabilize despite fluctuations imply that, without stringent policy efforts, natural
reductions in emissions may be insufficient to achieve environmental targets [8]. Thus, the
findings underscore the need for systematic reduction efforts in FLW and GHG emissions to
ensure environmental sustainability and resource adequacy amidst growing populations.
Our findings suggest a complex and dynamic relationship between food insecurity and
total GHG emissions. Short-term reductions associated with rising food insecurity, contrast
with a weak positive correlation in the long-term without statistical significance. This aligns
with research by Vermeulen et al. [30], who found that food scarcity often coincides with
reduced food production and emissions due to lower economic activity and consumption.
Conversely, as food insecurity becomes more persistent, increasing demand for afford-
able food production might drive higher GHG emissions, reflecting similar findings by
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Niles et al. [31]. The co-movement post-2012 suggests that socioeconomic and environ-
mental stressors may exacerbate one another [32], highlighting the need for integrated
responses to food insecurity and emissions.

In contrast, food insecurity emerges as a causal factor for per capita GHG emissions,
displaying a significant negative association in the short- and long-term. The 2012 structural
break amplifies this dynamic, with food insecurity continuing to rise while per capita GHG
emissions decline. This inverse relationship likely reflects the compounded effects of
economic hardship caused by food insecurity. Reduced access to food may lower per capita
consumption and waste, thereby decreasing emissions. Additionally, rapid population
growth relative to production capacity may exacerbate food scarcity, further suppressing
per capita consumption and emissions [33].

The analysis reveals a long-term co-movement between GHG emissions and food
prices, though food prices are not a direct cause of GHG emissions. In the short-term, rising
food prices are positively associated with GHG emissions, which aligns with theories in
environmental economics, particularly concerning the impact of fossil fuel prices on food
production costs and related emissions [9]. Over time, higher food prices may incentivize
energy-intensive production expansions and indirectly raise GHG emissions due to the
carbon intensity of production processes [34].

A positive long-term association between food prices and per capita GHG emissions
is also observed, without food prices being the direct cause. Interestingly, the study finds
that long-term fluctuations in food prices tend to decrease per capita GHG emissions. This
inverse effect may be attributed to reduced consumer access to food as prices rise, leading to
decreased per capita consumption. Additionally, elevated food prices may encourage a shift
toward lower-cost and possibly lower-emission production and consumption practices,
like less animal-based and more plant-based foods, indirectly contributing to reduced
emissions on a per capita basis [35].

The analysis reveals a long-term co-movement between GHG emissions and pop-
ulation growth, with the latter emerging as a significant driver in a two-year lagged
model. Population growth amplifies GHG emissions cumulatively, reinforced by the self-
perpetuating nature of emissions. These findings underscore the environmental impact of
demographic pressure and highlight the need for strategies to reduce emissions in high-
growth regions [36]. Population increases generally lead to greater resource consumption
and waste production, amplifying GHG levels [37].

The complex dynamics between food loss and waste (FLW) and environmental and
economic factors require a detailed understanding. While this study addresses many critical
variables, there are potential effects of hidden or unobserved factors, such as economic
growth and economic downturns during and prior to the pandemic. Economic growth, as
a general driver of increased production capacity, consumption, and waste generation, may
indirectly influence FLW. Furthermore, economic contraction periods, such as the global
economic slowdown experienced during the COVID-19 pandemic, could have impacted
food production, distribution, and consumer behavior, thereby altering FLW dynamics.
Disruptions in supply chains and reduced purchasing power during economic recessions
may have led to changes in food consumption patterns and waste generation.

Although the present study does not directly model economic growth or downturns,
the inclusion of GDP per capita partially accounts for broader economic trends. How-
ever, we acknowledge that GDP alone may not fully capture the multifaceted impacts
of economic fluctuations on FLW. Future research could integrate additional economic
indicators, such as unemployment rates, inflation, or trade disruptions, to provide a more
comprehensive perspective on these dynamics.
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5. Limitations

The study faced several limitations primarily due to the restricted period of the dataset
and the relatively small sample size of 23 observations. These constraints hindered the use
of more robust models that could provide stronger results over the longer time series. The
limited dataset also restricted the comprehensive modeling of lag lengths and impeded
a deeper exploration of the dynamic relationships within the time series. Additionally,
the use of estimated data for Educational Spending in 2022 introduced a minor degree of
uncertainty that could slightly affect the accuracy of the findings. Another limitation was
the focus on examining the temporal effects of a single independent variable at a time. This
approach restricted the inclusion of external factors and other determinants in the models,
limiting the ability to evaluate relationships between variables more holistically.

Nevertheless, the study hypotheses and analytical methods were appropriately de-
signed to align with the dataset’s structure, ensuring the findings were as reliable as
possible despite the limited observations. Expanding the time series and increasing the
number of observations in future research would enhance the robustness of the modeling
and improve the generalizability of the results.

6. Conclusions

This study highlights the complex relationships between food loss and waste, green-
house gas emissions, and economic indicators such as education expenditure, food in-
security, GDP per capita, and food prices. By emphasizing their direct and indirect im-
pacts on sustainability, the findings underscore the necessity of targeted efforts to reduce
FLW and GHG emissions. Long-term datasets and interdisciplinary approaches prove
invaluable for understanding these dynamics, supporting resource security, and ensuring
environmental sustainability.

The analysis reveals significant delayed effects of education expenditure and GDP per
capita on FLW, highlighting the importance of long-term policy planning. The identification
of a six-year lagged causal relationship between FLW and per capita GHG emissions
provides new insights into the environmental impacts of food waste. Additionally, the
incorporation of structural break analysis offers critical insights into temporal shifts, such
as the post-2012 alignment of food insecurity and FLW trends, reflecting broader economic
and social disruptions.

In light of these findings, the study presents actionable policy recommendations.
Sustainability must be integrated into education programs without exception, as education-
based interventions have the potential to yield long-term reductions in FLW. Furthermore,
addressing per capita food waste requires not only fostering economic growth but also bal-
ancing social inequalities. Policies such as increasing incentives for sustainable agricultural
technologies and implementing subsidy programs can enhance food security. Finally, the
delayed effects of food waste on per capita GHG emissions emphasize the need for robust
waste management strategies. Practices such as recycling food waste, utilizing it for energy
production (e.g., biogas), and converting it into organic fertilizers are effective approaches
to reduce these emissions.

While the study adopts a global perspective using time series analysis, future research
could explore country-specific dynamics to provide more localized insights. Country-
specific datasets and methods would better capture the unique cultural, economic, and
political factors influencing FLW. However, modeling multiple countries simultaneously
would require panel data analysis, a method distinct from the time series approach used
here. Such complementary frameworks could further enrich the policy implications of
these findings and support the development of sustainable food systems at both national
and global levels.
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Abstract: The paper investigates disparities in food waste generation across European
Union countries between 2020 and 2022, focusing on spatial and sustainability dimensions.
It utilizes data for six key food waste parameters and a broad range of environmental,
social and economic indicators. A combination of statistical methods, including correlation
analysis, cluster analysis and Principal Component Analysis, uncovers multivariate pat-
terns and identifies groups of countries with similar food waste characteristics and related
factors. The paper highlights the temporal and spatial dynamics of food waste over the
three-year period, particularly in light of the COVID-19 pandemic. While the total volume
of food waste remained relatively stable across the EU, notable shifts occurred in waste
sources. Household food waste peaked in 2021, likely due to increased time spent at home
during pandemic-related lockdowns. Conversely, waste from retail, restaurants and food
service sectors showed a consistent increase. The paper identifies non-trivial correlations
between food waste and socio-economic variables, suggesting that differences in food waste
generation across EU countries are influenced by a complex interplay of factors, including
policy effectiveness, cultural practices, consumer behaviour and economic conditions. This
comprehensive analysis of food waste patterns across EU countries and over time offers
valuable insights for policymakers aiming to reduce waste and promote sustainability.

Keywords: food waste; household waste; socio-economic factors; principal component
analysis; spatial analysis

1. Introduction

The onset of the COVID-19 pandemic in early 2020 triggered unforeseen disruptions
in global food systems [1,2]. Initial lockdowns led to rapid shifts in food availability, charac-
terized by empty shelves in certain regions and significant surpluses of unsold produce in
others [3,4]. This public health crisis quickly tested the resilience of the entire food supply
chain [5]. Our recent food waste studies that utilized correlation analysis and cluster anal-
ysis [6], as well as Principal Component Analysis and one- and multidimensional linear
regression [7], reveal a contrasting dynamic, in which the pandemic not only exposed
systemic vulnerabilities but also prompted rapid adaptation and innovative responses,
while reflecting and reinforcing existing patterns of socio-economic disparity.

The relationship between the COVID-19 pandemic and food waste proved to be multi-
faceted [8]. Specifically, supply chains experienced interruptions, consumer behaviours
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changed rapidly, and established patterns of production, distribution and consumption
were disrupted [9,10]. Initial global reports indicated widespread disturbances, with farms
facing challenges in delivering products to markets, processors encountering obstacles
and retailers struggling to adapt to fluctuating demand [3,11,12]. Consequently, food that
decays quickly, such as dairy, fruits and vegetables, was especially vulnerable. In fact,
prior studies have indicated that some producers were compelled to dispose of substantial
amounts of produce that could not be stored or redirected [13-15].

In contrast to the consistency observed in food waste patterns at earlier stages of
the supply chain, household behaviours exhibited greater variability [16,17]. Initially, re-
sponses to the crisis involved widespread stockpiling, motivated by uncertainty rather than
scarcity, leading to increased expiration of unused food [18,19]. However, as the pandemic
progressed, a shift towards more careful meal planning and home cooking was observed,
coupled with a decreased reliance on dining out [20,21]. Simultaneously, the closure of
hospitality and institutional food service sectors resulted in substantial stock losses. To
mitigate these losses [22], food donation networks and community-based programs ex-
panded their operations, redirecting surplus food to vulnerable populations [23]. Food
waste generation is influenced not only by proximal disruptions but also by deeper social,
cultural and geographical determinants. For example, differences in diet, family size and
composition, and urban versus rural residential contexts have been shown to influence the
quantity and quality of waste.

Our ongoing work takes these observations further, exploring how crises like
COVID-19 shape not only waste patterns but also the resilience and adaptability of food
systems. Early results suggest that pandemic-era waste patterns reflected pre-existing
socio-economic differences as much as they did the virus’s direct impact. This paper seeks
to address existing research gaps by analysing how varied policy frameworks and cultural
practices across European Union member states interact with food supply chains, thereby
influencing food waste outcomes. Furthermore, it employs advanced dimensionality reduc-
tion techniques to uncover latent data structures, overcoming the limitations of previous
studies that often lacked multivariate statistical approaches for disentangling complex
interactions. The paper uses a comprehensive approach to explore the relationships be-
tween structural vulnerabilities, community-level coping mechanisms and socio-economic
inequalities, which collectively shape both the intensity of disruptions and the rate of
recovery. Initial results indicate that waste trends identified during the pandemic were
not exclusively a direct consequence of the virus; instead, they mirrored and, in certain
instances, intensified pre-existing disparities grounded in the social, cultural and economic
frameworks of individual countries.

Against this backdrop, the paper analyses food waste trends in the European Union;
by using six key indicators and applying dimensionality reduction methods, it explores
how national trajectories cluster or diverge, and how social, cultural and geographical
factors may have shaped these patterns. To better understand these patterns, this study
focuses exclusively on EU member states, as coherent and comparable datasets for other
regions are not available; this limitation is acknowledged as an important constraint of the
research. Two guiding hypotheses inform our approach:

—H-1: Variations in food waste generation across EU member states can be linked to
underlying social, cultural and geographical characteristics, which influence both the scale
and type of waste produced.

—H-2: Changes in consumer behaviour, supply chain dynamics and institutional practices
during the study period reflect deeper structural drivers that predate the pandemic but
were brought into sharper focus by it.
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By identifying these relationships, this research aims to contribute actionable insights
for designing targeted waste reduction strategies, strengthening resilience and fostering
sustainable food systems that are better equipped to withstand future crises. The paper
underscores the innovative approach of distinguishing system-level factors from individual
behaviours using Principal Component Analysis, thereby enabling policymakers to devise
more effective interventions and tackle the underlying causes of food waste rather than
merely its manifestations.

2. Literature Review
2.1. Food Waste: Definition, Origin and Effect

The EU Waste Framework Directive [24] provides a definition of food waste as all
food, as defined in the General Food Law [25], which has become waste. Food is considered
as a whole and applies throughout the entire food supply chain, from production through
to consumption. Food includes inedible parts which are not separated from edible parts
during production. According to this definition, it is not technically possible to completely
eliminate food waste for several reasons: consumers cannot typically consume or reuse
certain inedible parts (e.g., bones), some food must be discarded for safety reasons, and
preventing food waste should not compromise food safety, or animal or human health. The
EU’s definition of food waste excludes items that were not classified as “food” at the time of
being discarded or removed from the supply chain (e.g., losses before harvest or slaughter)
and does not encompass non-waste material such as surplus donated foods or by-products
used for other purposes (e.g., animal feed). Food wastage occurs at every stage of the
supply chain, including primary production; processing and manufacturing; retail and
distribution; restaurants and food services; and households, both within homes and in out-
of-home settings. Therefore, stages relating to residential properties/restaurants/services
together constitute what is termed the “consumption” stage [26].

Food waste can be attributed to a number of causes, including losses in food produc-
tion and processing, outdated quality standards, over-packaging, consumer perceptions
and the influence of market trends [27]. In addition, food waste is often a consequence
of consumer habits, convenience and economic considerations [28]. Overproduction and
inefficient distribution systems, consumer attitudes and preferences [29], and lack of aware-
ness and education about food waste can also play a significant role [29-32]. Furthermore,
improper storage and handling, confusion over expiry dates (marked as “use by” or “best
before” dates) and food labelling, as well as advertising and marketing strategies that en-
courage overconsumption, can also contribute to an increase in food waste. Lastly, cultural
and social norms and aesthetic preferences for foods further compound this issue.

The effectiveness of food waste reduction initiatives is influenced by socio-cultural
acceptance and public awareness, emphasizing the need for targeted communication
strategies and policy instruments that consider local contexts.

2.2. Overview of EU Action for Preventing Food Waste

Preventing food waste became a specific political priority at the EU level in 2015,
reflecting EU commitments made in the context of the 2030 Sustainable Development
Agenda to reduce food waste by 50% and decrease food loss by the year 2030. The EU
has implemented a specific strategy to decrease the amount of food that is lost or wasted
that involves both regulatory and non-regulatory actions, first as part of the 2015 Circular
Economy Action Plan and, more recently, under the 2020 Farm to Fork Strategy (a strategy
that connects food production on farms directly to consumption by minimizing the dis-
tances food travels and the processes it undergoes between its origin in the fields and the
final consumer). Since 2015, the Commission has been working on initiatives to clarify and
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harmonize relevant legislation. They have also supported the development and sharing
of best practices and solutions to reduce food waste across the EU. Article 9 (Prevention
of Waste) of 2018/851, amending Directive 2008/98/EC on waste, requires member states
to implement measures aimed at decreasing food waste at all stages of the food supply
chain [24]. It also promotes food donation and other forms of redistribution for human
consumption, giving priority to human use over animal feed and the conversion of surplus
food into non-food products [24]. Several guidelines, recommendations and informational
publications have been published recently. While the European Union provides a stan-
dardized policy framework, its efficacy and practical application vary considerably among
member nations. These disparities result in differing outcomes and highlight the significant
impact of contextual factors on food waste dynamics.

The European Commission Directorate-General for Environment published guidelines
on the preparation of food waste prevention programmes. This document is intended
to serve as a valuable tool for waste management organizations, businesses, institutions,
local authorities and environmental protection agencies. It covers the European policy
framework concerning bio-waste, with a specific focus on food waste, and applies the waste
hierarchy to food waste prevention and includes discussions on methods for measuring
food waste, setting targets and implementing prevention strategies [33].

The EU Platform on Food Losses and Food Waste was established in 2016 to sup-
port all stakeholders in defining measures to prevent food waste, sharing best practices
and evaluating progress made over time [34]. In 2019, the Commission adopted a com-
mon methodology for measuring food waste as a basis for monitoring food waste in the
EU countries [35].

As part of the Circular Economy Action Plan, the European Commission has imple-
mented EU 2017/C 361/01 Guidelines on food donations [36] to promote the efficient
collection and distribution of safe and edible food to individuals facing food insecurity.
This guidance clarifies provisions in EU legislation and helps remove barriers to food
redistribution within the current EU regulatory framework. The main aspects involve
following food safety and hygiene laws, keeping food at proper storage and transport
temperatures, and permitting the donation of imperfect or expired foods.

The 2018/C 133/02 Guidelines for the feed use of food no longer intended for human
consumption [37] address issues regarding feed utilization of food which is no longer
intended for human consumption for commercial reasons or due to problems of manufac-
turing or certain defects, but which can be used in animal nutrition without compromising
animal or public health. It helps prevent the nutrients in food from being composted,
converted into biogas, or disposed of through incineration or landfill.

The recommendations for action in food waste prevention were compiled by the EU
Platform on Food Losses and Food Waste to offer crucial guidance to all players in efforts
to prevent food losses and waste, including EU citizens themselves [38]. The forward-
looking recommendations include a set of horizontal or cross-cutting measures, as well
as recommendations for action for primary production and food donation, for action at
manufacturing, retail and consumer levels in hospitality /food services. The recommen-
dations target both public and private entities, suggesting relevant actions for each group
while emphasizing the need for cooperation among stakeholders. Despite existing EU
guidelines, empirical research evaluating their effectiveness in reducing food waste remains
scarce, underscoring the necessity for systematic assessment and standardized monitoring
of member states’ results.

To guide effective actions, the authors of [39] present a framework for the evaluation
of food waste prevention actions and explain its use in assessing the effectiveness and
efficiency of such actions. To facilitate the continuous sharing of resources, latest devel-
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opments and best practices, the Commission has set up a digital platform called the EU
Food Loss and Waste Prevention Hub. This serves as a comprehensive resource for all
stakeholders involved in food waste prevention [40].

Research and innovation aimed at tackling the prevention of food waste are supported

by the European Commission, including the development of blueprints for the establish-

ment of national public—private partnerships (e.g., Voluntary Agreements) to reduce food

waste throughout the entire food supply chain [41]. The EU Research and Innovation

Framework Programme Horizon 2020 and Horizon Europe are offering new opportunities
for research and innovation to address food loss and waste [26].

3. Materials and Methods
3.1. Data

Our research is based on the datasets of the Statistical Office of the European Union

published on the Eurostat website. Table 1 contains the relevant tabular data about food

waste datasets, while Table 2 summarizes the twenty-six selected structural indicators

(environmental, social, economic and geographical parameters) that were collected for the
EU-27 member states from 2020 to 2022. The downloaded data were directly used with no
cleaning criteria. A rescaling to kg/year/capita units was applied before analysis. The total
amount of food waste (TOTAL) is the sum of five distinct food waste parameters (Equation
(1)): food waste from primary production of food (FP), manufacture of food products and
beverages (MFP), retail and other distribution of food (RDF), restaurants and food services
(RFS), and the total activity of households (HHA):

TOTAL = FP + MFP + RDF + RFS + HHA 1)

Table 1. Food waste absolute parameters.

Abbreviation Indicators [kg/year/capital
FpP Food waste from primary production of food—agriculture, fishing and aquaculture
MFP Food waste from manufacture of food products and beverages
RDF Food waste from retail and other distribution of food
RFS Food waste from restaurants and food services
HHA Food waste from total activities by households
TOTAL Total food waste production, FP + MFP + RDF + RFS + HHA

Table 2. Structural indicators (types of indicators: environmental (EN), economic (EC), social (S)

and geographical (G).
Abbreviation Indicators Unit Type Reference
AREA Total area of the country [km?] G
CMR Circular material use rate [%] EN [42]
COFP Consumption footprint index, year 2010 = 100 [dimensionless] EN [43]
ELET Early leavers from education and training by sex [%] S [44]
FECH Final energy consumption in households [kg of oil equivalent] EC [45]
per capita
GDP_PC GDP per capita value [EUR/ capita] EC [46]
Gross value added in environmental goods and
GVAEGS services sector, reference year 2010, chain-linked [EUR/ capita] EN [47]

volumes at 2010 exchange rates
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Table 2. Cont.
Abbreviation Indicators Unit Type Reference
Inability to afford a meal with meat, chicken or
IAF fish (or vegetarian equivalent) every second [%] S [48]
day—EU-SILC survey

MF Material footprint [tonne/capita] EN [49]

MSDR Severe material and social deprivation rate [%] S [50]

MWG. PC Municipal waste by Wwaste management [kg/capita] EN 51]

operations
Nights spent in tourist accommodation

NSFT estal%lishniznts by residents/non-residents [number] EC (521

POP Population on 01.01. [capita] EC [53]

POPDENS Population density of the country (POP/AREA) [capita/ km?] EC [54]

PPGDP Purchasing power adjusted GDP per capita, in [EUR/capita] EC [55]

purchasing power standards
PUKHW Population unable to keep home adequately [%] S [56]
warm by poverty status

REG_BOR_PC Border type area per capita [km?2/ capita] G [57]

REG_COA_PC Coastal type area per capita [km? /capita] G [57]

REG_INT_PC Intermediate type area per capita [km?/capita] G [57]

REG_ISL_PC Island type area per capita [km? /capita] G [57]

REG_MOU_PC Mountain type area per capita [km? /capita] G [57]

REG_RUR_PC Rural type area per capita [km?/ capita] G [57]

REG_URB_PC Urban type area per capita [km? /capita] G [57]

RMRPG Relative median at-risk-of-poverty gap [%] S [57]

RPS_PC People at risk of poverty or social exclusion [%] S [58]

TEA Tertiary educational attainment by sex [%] S [59]

Relative food waste parameters were calculated by dividing the absolute parameters
by the TOTAL value (FP_REL = FP/TOTAL, MFP_REL = MFP/TOTAL, etc.). Absolute
parameters are quantified in kg/year/capita, indicating the annual per person amount in
kilograms. Relative parameters represent the percentage distribution of the specific waste
types at the country level.

3.2. Methods

The correlation and cluster analyses were performed by a self-developed Python
language program that used Scikit-Learn and Scientific Python modules. PCA for the
dataset was carried out using SciKit-Learn software (version 1.4.1).

3.2.1. Correlation Analysis

Linear (Pearson-type) and rank (Spearman-type) correlation tests were used to identify
relationships between pairs of food waste parameters and structural indicators. The former
are sensitive to approximately linear connection between the two variables, whereas the
latter are capable of finding nonlinear but monotonic relationships. As the results did not
reveal any non-trivial connections (see details in Section 4.1), Principal Component Analysis
(PCA) and statistical tests for comparing clusters of countries were used to investigate the
existence of multivariate and nonlinear connections.

3.2.2. Principal Component Analysis

The food waste dataset includes five independent variables for each country per year,
theoretically allowing data points to be visualized in a five-dimensional space. To overcome
this difficulty, Principal Component Analysis method was applied to reduce the number
of dimensions of the dataset [60]. PCA initiates by calculating the average vector of the
dataset and then determining the difference between each vector and the mean vector.
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The subsequent step involves identifying the direction in which the set of these difference
vectors exhibits the greatest elongation—representing the “most important” direction—and
describing it with a unit-length vector. Then, the subsequent (second, third, etc.) most
important directions that are orthogonal to the previous ones are calculated.

In the case of food waste data, the original five dimensions were reduced to two di-
mensions using PCA, achieving a good approximation. Therefore, the principal component
coefficients for each country and year were calculated and the temporal changes of the
EU countries were visualized on a two-dimensional plot, with coordinates representing
the PCA coefficients. This resulting plot was used to identify countries exhibiting similar
behavioural patterns. In contrast to our prior similar PCA investigation [7], which was
restricted to the year 2020 due to data limitations, the current research covers a three-
year period from 2020 to 2022. All the three-year data (81 five-dimensional vectors) were
used for a unique PCA-base vector calculation, and these were used to calculate the
PCA components.

Given that the PCA method is based on linear operations, it was only applied to
absolute food waste data, as absolute values in kg/capita/year units are additive, while
relative components cannot be linearly combined.

3.2.3. Cluster Analysis

Cluster analysis is a multivariate statistical method used to find groups of similar
items based on multidimensional numerical data. Our research applied this method
to find subsets of EU members with comparable food waste characteristics. Clustering
calculations were performed for the five-dimensional vectors of absolute (FP, MFP, RDEF,
RFS and HHA) and relative (FP_REL, MFP_REL, RDF_REL, RFS_REL and HHA_REL)
food waste parameters. Linear scaling for the parameters was applied to obtain the same
standard deviation in every coordinate. This standardization step was necessary because
the average values for different parameters vary significantly. For example, household food
waste (HHA) typically ranges from 50 to 100 kg/capita/year, while food waste generated
during primary food production (FP) is commonly under 20 kg/capita/year. Therefore, a
10 kg/capita/year change in HHA represents a small change, while the same difference in
FP is a dramatic alteration.

The K-means clustering method [61] was applied with N = 2-7 clusters. The elbow
method was utilized to determine the optimal cluster number. According to the results,
N =5 appears to be the best choice. Qualitative analysis of various cluster numbers also
confirmed that N = 5 represents the optimal selection. The classification of a country
seemed forced when N was less than five; conversely, when N exceeded five, it led to
an unwarranted fragmentation of clusters. The cluster members were listed and stacked
histograms of absolute and relative food waste parameters were generated, where the EU
members were grouped based on the clusters. Similar calculations were performed in our
previous study [6], but then food waste data were only available for the year 2020. The
present investigation expands the temporal scope to 3 years.

Following the identification of the groups of countries with similar food waste charac-
teristics, structural indicators for each group were collected. The Mann and Whitney test
(U test) was used to find statistically significant differences between these parameter-sets.
Significant differences suggest a connection between the examined structural indicator and
the food waste values. The advantage of this complex approach over the simple correlation
analysis is two-fold. First, the comparison in this case is based on more data points, thereby
minimizing the impact of uncorrelated measurement errors. Second, comparing only
specific subsets of EU members can reveal connections that are not valid for the whole EU,
while correlation analysis tries to find globally true connections.
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4. Results and Discussion
4.1. Results of Correlation Analysis

Pearson- and Spearman-type correlation coefficients were calculated between all food
waste parameters and the examined structural indicators. In all cases, the correlation
coefficients did not exceed 0.7, leading to the conclusion that there is no simple depen-
dence between such pairs. However, in some cases the coefficients were between 0.5 and
0.7, which indicates a possible connection, but this is not accepted as statistically well
established. The absence of statistically significant results does not mean that there is no
relationship between the amount of food waste and other parameters. It is possible that
such a relationship only exists between certain groups of countries or that the correlation
coefficient is reduced by a large measurement error for the parameters.

4.2. Results of Principal Component Analysis

Reducing the number of dimensions with PCA is a significant help in overviewing
multidimensional data, but it inherently implies an approximation. The required level of
precision should be determined by considering both the data’s accuracy and the research
objectives. Table 3 presents the average difference of the original components and the recon-
structed values, depending on the number of dimensions retained. Naturally, increasing
the number of dimensions results in smaller reconstruction error.

Table 3. PCA reconstruction error in kg/year/capita units and relative explained variance values of
percentages as a function of number of dimensions (D).

D 0 1 2 3 4 5
Accuracy 11.8 7.7 49 3.2 1.4 0.0
Rel. expl. var. 60.4 23.8 7.7 6.4 1.7

D =2 was selected for analysis. This case has an accuracy of 4.9 kg/capita/year, falling
within the expected range of measurement error. Relative explained variance values show
that the third PCA component gives only a 7.7% improvement. While increasing to D =3
offers a marginal reduction in average deviation, it complicates visualization. Since the
numerical values provided by PCA are not used for further analysis in this article, but
rather to review the nature of the changes, the accuracy provided by the two components
is considered to be sufficient.

The results of the PCA algorithm contain the “mean vector” (m) and two “base vectors”
(sl and s2). All data points can be approximated as a linear combination of them, as is
written in Equation (2).

foodwastevector =~ m+sy- Py + 55 - P )

For each data point, the PCA coefficients, represented by the dimensionless quantities
Py and P, are computed and used to characterize the food waste values for a specific
country in a given year. This approach reduces the dimensionality of the data from the
original five components (FP, MFP, RDF, RFS and HHA) to just two.

The numerical results are summarized in Equation (3). Figure 1 illustrates the graphical
representation of the mean and base vectors.
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FP ~132+0.148 - P, +0.134 - P,
MFEP ~30.2 + 0.970 - P; — 0.066 - P,
RDF ~ 11.6 4+ 0.186 - P, +0.134- P, )
RFS ~ 15.1 4+ 0.043 - P, +0.130 - P,
HHA ~ 69.4+0.014 - P, +0.971 - P,

T

T T T T
FP MFP RDF RFS HHA
Figure 1. Mean vector and base vectors (scaled) of PCA in kg/capita/year units.

Numeric values in equation (3) indicate that the first primary component (P1) is mainly
composed of food waste generated from manufacturing for food production (MFP), which
carries the highest weight, followed by primary food production (FP) and the distribu-
tion of food production (RDF) components, which have smaller, but still considerable
weights. These activities exhibit less dependence on individual behaviours and instead
reflect the specificity of the economic sector (like agriculture, industry and transportation).
Conversely, the P, component encompasses waste generated in households (HHA) as the
most predominant factor; alongside restaurants and other food services (RFS) with a higher
weight than in Py, the other three components have smaller coefficients. Consequently, the
second principal component is more heavily influenced by individual consumption, eating
and cooking habits than the first one. It is worth noting that this separation of economic
system-level parameters and individual behaviour parameters is an automatic result of
PCA. This demonstrates that the method was capable of separating parameters that behave
differently. According to these, a positive value for P; or P, means above-the-average
economic system-level or individual food waste production, respectively.

Figure 2 illustrates the countries in the P1-P; plane. Symmetrical logarithmic scaling
was applied on the axes to show the extremely large values and to resolve the high-density
part of the diagram near the origin on the same plot.
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Figure 2. EU countries in P;-P, plane [unit: dimensionless]. Symmetrical logarithmic scaling
was applied on both axes. Small, medium and large dots correspond to years 2020, 2021 and 2022,
respectively. (Abbreviations: AT, Austria; BE, Belgium; BG, Bulgaria; CY, Cyprus; CZ, Czech Republic;
DE, Germany; DK, Denmark; EE, Estonia; ES, Spain; FI, Finland; FR, France; GR, Greece; HR, Croatia;
HU, Hungary; IE, Ireland; IT, Italy; LT, Lithuania; LU, Luxembourg; LV, Latvia; MT, Malta; NL, the
Netherlands; PL, Poland; PT, Portugal; RO, Romania; SE, Sweden; SI, Slovenia; SK, Slovakia).

Each country is represented by a distinct colour and characterized by three data points
of different sizes, corresponding to the years 2020 (small), 2021 (medium) and 2022 (large).
These data points are interconnected by straight lines to allow for the observation of value
trends across the specified period.

According to their P; and P, values, the countries can be divided into three groups:

e P; > 0: Belgium, Cyprus, Denmark, Greece, Ireland and the Netherlands. Their
differences from the average food waste characteristics are mainly in the s1 direction,
which means high excess in food waste from manufacture of food products (MFP) and
significant excess in food waste from primary production (FP) and food waste from
distribution of food production (RDF) components.

e P;<0and P; >0: Austria, Germany, Italy, Latvia, Lithuania, Luxembourg, Malta,
Portugal and Romania. They have below-average values for FP, MFP and RDEF, but ex-
cessive values for food waste from households (HHA) and food waste from restaurants
and other food services (RFS).

e Py <0and P; <0: Bulgaria, Croatia, Czech Republic, Estonia, Finland, France, Hungary,
Poland, Slovakia, Slovenia, Spain and Sweden. All of their food waste components
are smaller than or equal to the average.

The examined period from 2020 to 2022 reveals two principal trends in the movement
of individual countries within the P;-P, plane. For a few countries, the differences across
the three years are negligible (Croatia and Portugal) or marginal (Germany, Greece, Italy,
Portugal, Slovenia and Slovakia). Conversely, half of the countries exhibit a notable shift
from 2020 to 2021, but a much smaller shift from 2021 to 2022 (Austria, Belgium, Bulgaria,
Cyprus, Czech Republic, Estonia, Latvia, Lithuania, Luxembourg, Malta, Poland, Romania,
Spain and Sweden).

4.3. Results of Cluster Analysis

Absolute and relative food waste datasets contain five-dimensional vectors for the
27 EU members for the 3 years. One objective of our research was to detect patterns in these
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datasets. The widely used K-means clustering method was applied to find the groups of
similar countries with standard scaling, i.e., applying a linear transformation on the data to
obtain a standard deviation of 1 for each component. Without this normalization, changes
in the components with the highest average values (HHA and MFP) would dominate the
clustering and the effect of the other components would be negligible.

Calculations were performed for cluster sizes of N = 3,4 and 5. Several similar patterns
can be observed across these versions: Cyprus is typically isolated as a separate cluster
and the former socialist states tended to group together. Investigating the results, we
determined that N = 5 provided the most informative clustering. Therefore, the results for
five groups are presented in this article.

The results of the K-means clustering calculations consist of N vectors: the so-called
“cluster centres” and a labelling of each vector indicating its nearest cluster centres. This
way the cluster centres represent the “typical” food waste parameter sets, while the cluster
labels of the countries denote which cluster they most resemble.

4.3.1. Clusters of Absolute Food Waste Data

Clustering calculations were performed independently for each of the 81 food waste
parameter vectors (27 countries for 3 years). Therefore, if the food waste profile of an EU
member presents a significant shift during the 3-year period, data from different years for
the same country may belong to different clusters.

The next list contains the members of the five clusters. When all three-year data for
a specific country are grouped into the same cluster, only the two-letter abbreviation is
displayed. Otherwise, the years are appended to the country code. Clusters are denoted by
“ACL1”,“ACL2”, ..., where “A” indicates that this clustering is based on the absolute food
waste parameters. Figure 3 displays this clusterization on a color-coded map.

AcL1 I
AcL2 [
AcL3 [
acL4 I
2021-2022 AcLs Il

Figure 3. Location of countries belonging to specific clusters (food waste per capita, 2020-2022, for
N = 5 clusters). In the case of cluster-changing countries, colours for both clusters appear.

ACL1 (1 member): CY.

ACL2 (2 members): BE (2020) and DK.

ACLS3 (5 members): AT, DE, IE, MT and SI.

ACL4 (7 members): GR, IT, LT, LU (2020), LV (2020), PT and RO (2021, 2022).

ACLS5 (16 members): BE (2021, 2022), BG, CZ, EE, ES, FI, FR, HR, HU, LU (2021, 2022),
LV (2021, 2022), NL, PL, RO (2020), SE and SK.
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A graphical representation of this clustering is presented in Figure 4. The columns are
sorted to reflect the results of the clusterization, and the blue vertical lines represent the
barriers of clusters.

ACL1 ACL2 ACL3 ACL4 ACL5
400 . P
=3 MFP
I = ROF
N RFS
. HHA
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Cy BE DK AT DE IE MT sI GR IT LT LU LV PT RO BE BG CZ EE ES FI FR HRHU LU LV NL PL RO SE SK

Food waste in kg/year/capita

Figure 4. Sectoral distribution of food waste per capita, 2020-2022, for N = 5 clusters. First bar: year
2020, second bar: year 2021, third bar: year 2022. (Abbreviations: see Figure 2).

The analysis revealed that most countries preserved their respective cluster affiliations
during the examined 3-year period. This indicates that the fundamental characteristics
of these countries, as determined by the comprehensive and sectoral distribution of food
waste, remained largely stable despite the COVID-19 pandemic. However, Belgium, Latvia,
Luxembourg and Romania deviate from this pattern. In all these cases, the data from
2020 were grouped distinctly from the other two years. More specifically, the 2020 data
for Luxembourg and Latvia are categorized in cluster ACL4, and for Belgium they are in
ACL2, while their data from 2021 and 2022 are in ACL5. Conversely, Romania shifted from
ACL5 in 2020 to ACL4 in 2021 and 2022.

Outlier data, such as those observed for Cyprus or Belgium in 2020, can be partly
ascribed to methodological idiosyncrasies within specific reporting systems and highlight
the need for increased harmonization in food waste data collection.

It is notable that the historical background aligns with the observed clustering patterns.
For instance, almost all countries formerly belonging to the Eastern Bloc are in the ACL5
cluster (Figures 3 and 4). The prevalence of the former Eastern Bloc nations in the same
cluster indicates that previous consumption patterns and economic histories continue to
affect present-day food wastage trends.

Table 4 presents the cluster centre values, which serve as multivariate indicators
representing the “typical” food waste characteristics of EU members. A yellow background
highlights the maximum value in each column. In the line of ACL1, there are three of
them, which indicates exceptionally large food waste production in three categories. On the
other hand, ACL3 and ACLS5 lack any yellow cells, indicating that these clusters comprise
countries with low levels of food waste. Households are the primary contributors across all
clusters, underscoring that changes in individual consumer habits are key to minimizing
food waste in the EU.

The ACLS5 nations have the lowest average total food waste quantity, with the lowest
amounts of food waste originating from households (HHA), restaurants (RFS), retail and
other food distribution channels (RDF). Cyprus, Belgium and Denmark, as members of
ACL1 and ACL2, exhibit the highest total food waste levels, the waste being generated
particularly in the manufacture of food products and beverages (MFP). The countries in
ACLA4 are characterized by large amounts of household food waste (HHA), while those in

156



Sustainability 2025, 17, 9315

ACL1 and ACL3 experience higher volumes of food waste originating from restaurants
and related services (RFS).

Table 4. Sectoral distribution of cluster centre values based on food waste per capita data in
kg/capita/year units. Yellow background indicates the column-wise maximum.

FP MFP RDF RFS HHA
ACL1 50.9 111.6 58.6 32.0 74.3
ACL2 11.1 121.6 14.4 10.9 81.0
ACL3 3.0 204 9.8 30.2 65.4
ACL4 21.6 16.7 12.1 14.4 97.9
ACL5 11.1 24.5 8.6 9.2 58.8

4.3.2. Clusters of Relative Food Waste Data

Cluster analysis was also performed on the relative food waste data. The next list
presents the members of clusters in text, and in Figure 5 they are presented in a color-coded
map, while Figure 6 shows the relative food waste parameters in a stacked histogram. The
initial letter “R” of the cluster identifiers indicates the relative parameters.

RcL1 [
RcL2 [ ]
rRcL3 I
rcL4 N
' RcL5 [l

2021-2022

Figure 5. Location of countries belonging to specific clusters (relative food waste, 2020-2022, for
N =5 clusters). In the case of cluster-changing countries, the colours of both clusters appear.

RCL1 (2 members): CY and IE.

RCL2 (4 members): BE, DK, ES (2020) and NL.

RCL3 (5 members): AT, CZ (2021, 2022), DE, MT and SI.

RCL4 (8 members): CZ (2020), HR, HU, IT, LU (2020), PT, SE (2020) and SK.

RCL5 (12 members): BG, EE, ES (2021, 2022), FI, FR, GR, LT, LU (2021, 2022), LV, PL,
RO and SE (2021, 2022).

The analysis demonstrates that 23 out of 27 countries maintained their cluster affilia-
tions over the three-year period. This significant stability confirms that the composition of
food waste sources remains consistent despite short-term fluctuations. Moreover, similarly
to the results of the absolute value-based clustering, the year 2020 is the standout year in
all such cases (Spain, Czech Republic, Luxembourg and Sweden).
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Figure 6. Sectoral distribution of relative food waste values, 20202022, for N = 5 clusters. First bar:
year 2020, second bar: year 2021, third bar: year 2022. (Abbreviations: see Figure 2). The columns
are sorted to reflect the results of clusterization, and the blue vertical lines represent the barriers
of clusters.

Table 5 presents the cluster centre values for each cluster, representing the distribution
of food waste relative data in different sectors. The maximum values within each column
are highlighted with a yellow background. It is remarkable that each cluster features exactly
one yellow cell, which means that all five clusters can be characterized by one of the relative
food waste parameters. However, for all clusters except RCL1 and RCL2 the majority
of waste is generated from household activities. Household food waste (HHA) alone
represents 70% of the total in RCL4, showing that in these countries household activities
are the dominant source of food waste production. In contrast, manufacture of food and
beverages (MFP) makes up the largest portion in RCL2. RCL3 is primarily characterized
by a higher proportion of food waste originating from restaurants and food services (RFS)
compared to other clusters. Agricultural-origin food waste is almost 14% in RCL5, which is
the highest ratio compared to the other clusters. This implies that policy interventions have
to be tailored: for instance, restaurant-based interventions for RCL3 and household-based
interventions for RCL4 nations.

Table 5. Sectoral distribution of cluster centre values based on food waste relative values in percent-
ages. Yellow background indicates the column-wise maximum.

FP MFP RDF RFS HHA
RCL1 11.5 30.9 14.4 16.6 26.7
RCL2 8.5 43.5 6.9 4.5 36.5
RCL3 1.0 12.1 7.1 23.0 56.8
RCL4 7.0 10.7 6.5 52 70.5
RCL5 13.6 17.8 7.9 10.1 50.6

Clustering results based on absolute and relative food waste parameters differ signif-
icantly. This is understandable, considering their distinct approaches to defining “simi-
larity”. The purpose of research should guide the selection of the more relevant method.
Absolute unit groups focus on the similarity of average food waste production among indi-
vidual persons, whereas relative unit groups concentrate on the distribution of a country’s
food waste production generated by various sectors. For example, in terms of relative pa-
rameters, the food waste profile of Ireland is similar to that of Cyprus, while their absolute
values differ significantly. This may indicate that food waste-generating processes have
a similar structure in Ireland and Cyprus, but Ireland has a greater degree of economic
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efficiency overall. The similar behaviour of Ireland and Cyprus in terms of relative values,
despite great differences in absolute values, also shows that patterns of food waste can
coincide across economies of highly different sizes.

4.3.3. Relationship Between Food Waste Clusters and the Structural Indicators

The structural (environmental, social, economic and geographical) indicators corre-
sponding to the clusters identified in the preceding analysis were gathered, and a statistical
analysis was conducted to determine which parameters present significant differences
between the clusters. The Mann and Whitney U test was used to compare the distributions.
Given the high number of possible relationships examined, strict significance levels were
used to minimize the incidence of false-positive signals. Specifically, a p-value threshold
of 0.01 was designated for “weak”, and a threshold of 0.001 was designated for “strong”
connections. Considering that there are ten possible pairs with the five group (clusters),
10 significance tests were performed per parameter. For the 26 parameters examined, this
amounts to a total of 260 tests, meaning that on average there will be 2.6 cases where the
test incorrectly indicates a weak correlation and 0.26 cases where a false strong correlation
signal will be obtained. These numbers have been verified by trial calculations involving
the random dividing of the countries” annual data into five groups.

The results of the 260 statistical tests are transparently presented in Tables 6 and 7.
Columns correspond to cluster pairs, and each row is for a specific structural indicator.
The cells are empty if no significant difference was found, but contain “>" or “<” signs for
weak differences (0.001 < p-value <= 0.01) and “>>" or “<<” signs for strong differences
(p-value <= 0.001). The direction of the relational signs indicates whether the first or the
second cluster within a pair exhibits higher average values.

Table 6. Indicators with significant differences between clusters, based on food waste per capita data.
(Abbreviations of indicators: see Table 2). Empty columns (ACL1—ACL2 and ACL2—ACL3) are
not displayed.

ACL1— ACL1— ACL1— ACL2— ACL2— ACL3— ACL3— ACL4—
ACL3 ACL4 ACL5 ACL4 ACL5 ACL4 ACL5 ACL5
AREA < < <
CMR <
COFP > > >
ELET
FECH > <
GDP_PC > > >> >
GVAEGS < <<
IAF < < < <
MEF
MSDR
MWG_PC > > >> >> > >
NSFT
POP < <
POPDENS >
PPGDP > > >> >
PUKHW > > < << >>
REG_BOR_PC < < < <
REG_COA_PC
REG_INT_PC > << <<
REG_ISL_PC > >> >
REG_MOU_PC
REG_RUR_PC < <
REG_URB_PC < <
RMRPG < < << >
RPS_PC < < << >>
TEA >
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Table 7. Indicators with significant differences between clusters based on relative food waste data.

RCL1—
RCL2

RCL1—
RCL3

RCL1—
RCL4

RCL1—
RCL5

RCL2—

RCL3

RCL2—
RCL4

RCL2—
RCL5

RCL3—
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RCL3—
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RCL4—
RCL5
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FECH
GDP_PC
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IAF
MF
MSDR
MWG_PC
NSFT
POP
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PPGDP
PUKHW
REG_BOR_PC
REG_COA_PC
REG_INT_PC
REG_ISL_PC
REG_MOU_PC
REG_RUR_PC
REG_URB_PC

<<

<<
<<

<<
<<

>>

>>

<<

<<

<<

>>

>>

<<

>>

>>

<<

>>

<<

<
>

>>

<<

<<
>>

>>

<<

>>
>>

<<

<<

<<

>>

>>

>>

>>

>>

<<
<<

RMRPG
RPS_PC
TEA

>> >> >> >> >> >>

Table 6 presents the results for absolute food waste parameters, while Table 7 shows the
results for relative food waste parameters. For instance, in Table 6 the row corresponding
to “GDP_PC” has “>" symbols in the ACL2—ACL4, ACL2—ACL5 and ACL3—ACL5
columns and a “>>" symbol in the ACL3—ACL4 column. This row indicates that the per
capita GDPs of cluster 2 and cluster 3 are greater than those of cluster 4 and 5. This suggests
a statistical connection between per capita GDP and absolute food waste parameters.
However, this is not a simple, monotonic connection. For example, cluster 3 exhibits higher
average per capita GDP values compared to cluster 4, yet their total food waste production
is approximately the same, with lower average total food waste in the case of cluster
3 compared to cluster 4. The difference between these two clusters can be found in the
characteristics of their food waste as represented by the five parameters.

Cluster analysis reveals significant differences in social-economic parameters among
the five clusters. The results presented in Table 6 suggest that food waste levels per person
are strongly linked to socio-economic inequalities. The ACL1-ACL5, ACL1-ACL4 and
ACL2-ACLA4 cluster pairs show the most significant differences in terms of the examined pa-
rameters, with distinctions found across 10-11 structural indicators. Additionally, there is a
noticeable contrast between the ACL2-ACL5, ACL3-ACL4, ACL3-ACL5 and ACL4-ACL5
clusters in terms of 6-7 distinct indicators.

Countries belonging to ACL2 and ACL3 are richer than countries in ACL4 and ACLS5,
as they have a higher GDP per capita and a higher purchasing power adjusted GDP per
capita. In parallel, they have a higher consumption footprint index (COFP) and higher
municipal waste generation (MWG_PC), showing a connection between stronger economies
and higher overall waste output (not limited to food).

The poorer countries of ACL4, in contrast, have higher PUKHW (population unable to
keep home adequately warm), IAF (inability to afford a meal), RMRPG (at risk of poverty)
and RPS_PC (people at risk of poverty or social exclusion) values than the other clusters
have, indicating severer social vulnerabilities in the countries in this group.
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According to the values, there is no evident relationship between educational status
(like ELET and TEA values) and the food waste per capita characterization of a country.
The effect of geographical factors (region types) can be observed mainly in the case of
Cyprus (ACL1).

The results in Table 6 indicate that absolute food waste patterns are linked to macro-
economic strength and social vulnerability indicators. Wealthier countries, characterized
by higher GDP per capita, higher municipal waste and lower deprivation indicators, form
a distinct cluster. Conversely, poorer clusters exhibit greater social challenges and relatively
lower waste per capita. This suggests that the extent of absolute food waste reflects broader
socio-economic inequalities across the EU.

Table 7 compares the cluster results of the analysis performed using relative food
waste values (% of total waste per sector). This shifts the focus from how much waste per
capita is generated to which sectors dominate food waste in each country. This comparison
reveals much greater differences between the individual clusters. The RCL2-RCL4 (15
differences) and RCL2-RCL5 (13 differences) cluster pairs present the most significant
differences, but between the RCL1-RCL2, RCL1-RCL3, RCL1-RCL4, RCL1-RCL5 and
RCL3-RCLS5 cluster pairs there also high dissimilarities (9-11 cases).

Countries belong to RCL1, RCL2 and RCL3 have higher GDP per capita and pur-
chasing power adjusted GDP per capita values than countries in RCL4 and RCL5. This
suggests that sectoral distribution of food waste (e.g., manufacturing vs. households) is also
influenced by national wealth. Meanwhile, RCL2 and RCL3 demonstrate a higher circular
material use rate (CMR) compared to RCL1, RCL4 and RCL5. However, the amount of
municipal waste (MWG_PC) is also higher in the countries of RCL2 and RCL3 than those
of RCL4 and RCL5.

Significant differences exist in IAF (inability to afford a meal) and RMRPG (relative
median at-risk-of-poverty-gap) values, with the best values observed in RCL1 and RCL2
and considerably higher values in RCL4 and RCL5. A significantly higher percentage of
people in RCL5 countries face the risk of poverty or social exclusion (RPS_PC) compared to
those in RCL2 and RCL3. RCL4 and RCLS5 are predominantly characterized by household-
level waste (70% in RCL4 and 50% in RCL5), indicating that food waste structure reflects
social inequalities.

Tertiary educational attainment (TEA) is strongly connected with relative food waste
patterns, with educational status being significantly better in countries within RCL1 and
RCL2. People in rural and border regions dominate countries belonging to RCL4 and RCL5
(Eastern and Southern Europe).

To sum up, the results based on relative food waste data highlight structural and
sectoral food waste differences. Wealthier clusters (RCL1, RCL2 and RCL3) tend to have
higher food waste in manufacturing (RCL1 and RCL2) and restaurant services (RCL3),
while in poorer clusters (RCL4 and RCL5) households are the primary source of food waste.
This latter pattern may be attributed to weaker redistribution infrastructures, cultural
habits and socio-economic vulnerabilities. Geographical context (e.g., rural vs. urban areas)
further reinforces these patterns.

As was mentioned above, absolute and relative food waste parameters characterize
the food waste production of the countries in different ways. Comparing Table 6 to Table 7
shows a significant difference: the former contains 13 strong and 47 weak connections,
while in the latter there are 48 strong and 45 weak connections. This indicates that the
clusterization based on relative data has a stronger relationship with the structural parame-
ters than that based on absolute data. Uncovering the reason behind this difference can
be a topic of further research, but the observation may be important in understanding the
connection between food waste production and structural parameters.
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5. Conclusions

The paper investigates patterns of food waste generation across the 27 EU member
states between 2020 and 2022, with particular attention paid to the period of the COVID-19
pandemic. Eurostat data for five main food waste sources (primary production, food
manufacturing, retail-distribution, food services and households) were analysed and
compared with over twenty social, economic, environmental and geographical indicators.
Correlation analysis, Principal Component Analysis (PCA) and cluster analysis were
applied to identify multivariate relationships, to reveal similarities and differences and to
classify countries according to their waste generation profiles.

The results indicate that the total volume of food waste in the EU remained relatively
stable during the observed three years, but its composition changed significantly. Household
food waste peaked in 2021 during lockdowns, while food waste originating from distribution
and food services increased steadily. Principal Component Analysis revealed a clear distinction
between system-level (linked to agriculture, industry and distribution) and individual-level
(households and food services) food waste. Cluster analysis identified five groups of countries
with largely stable food waste patterns, even under pandemic-related disruptions.

According to the results derived from absolute and relative food waste data, the
level and structure of food waste are strongly linked to the economic strength and social
inequalities of the EU countries. Higher-income Western and Northern European states
tend to generate greater amounts of total food waste and more waste in manufacturing
and food service sectors, while in Eastern and Southern Europe household food waste is
the dominant factor.

Households represent the most important target for EU-wide food waste reduction
policies. However, country-specific strategies are required to differentiate according to
national and regional contexts. In higher-income states, efficiency improvements in the
manufacturing and food service sectors should be prioritized, while in Eastern and South-
ern states household-level awareness campaigns and stronger social support systems
should be prioritized. Future EU strategies must account for regional and social disparities
in order to shift forward a more sustainable food system.

The key contribution of this paper is the demonstration that PCA facilitates obtaining
a clean differentiation between system-level and individual-level drivers of food waste,
which is a methodological contribution, in contrast to the descriptive analyses that are
ubiquitously used in the area. Nevertheless, this approach is not without its limitations.
First, relying on a three-year Eurostat dataset constrains detection capacity in capturing
long-term structural changes, particularly in relation to residual effects from the COVID-19
pandemic. Second, the lack of harmonized datasets outside of the EU impedes a global
comparative setting, which would situate EU trends within the wider context. Third,
even though PCA and clustering were deemed useful, further statistical confirmation
(e.g., robustness tests, regression or hierarchical models) could enhance the robustness
of outcomes.
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Abbreviations

The following abbreviations are used in this manuscript:

ACL Clustering based on absolute food waste data
EU European Union
FP Food waste from primary production of food

GDP Gross domestic product
HHA Food waste from total activity of households

MFP Food waste from manufacture of food products and beverages
PCA Principal Component Analysis

RCL Clustering based on relative food waste data

RDF Food waste from retail and other distribution of food

RFS Food waste from restaurants and food services

TOTAL  Total amount of food waste
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Abstract: Household food waste is a major source of economic loss and environmental im-
pact, but it is unclear whether interventions can successfully reduce food waste. Thus, the
current study evaluated two interventions designed to change food waste-related behaviors
and reduce food waste in the context of U.S. households. We tested these interventions
via an online study of 1494 households, wherein individuals were randomized to three
informational conditions (a “save money” message, a “holistic” message, or a “control”
message) and two behavioral conditions (set implementation intentions or do not set imple-
mentation intentions). The results showed that informational interventions had minimal
impact on food waste-related behaviors, only reducing the degree to which households
wasted food due to date labels. Conversely, the behavioral intervention had a stronger
impact on food waste-related behaviors: households enacted higher levels of efficient food
acquisition behaviors, less frequently wasted food due to date labels, and enacted more
efficient leftover usage behaviors. However, although these behaviors are related to food
waste, neither intervention significantly reduced household food waste. Therefore, whereas
behavioral interventions appear to be more promising than informational interventions
alone, it appears that household food waste reduction is a more challenging endeavor
than previously thought. We discuss implications of our results and a number of future
research directions.

Keywords: food waste; food waste reduction behaviors; behavior change; messaging;
implementation intentions

1. Introduction

As a major contributor to economic outcomes, food insecurity, and environmental
strain, food waste is a far-reaching problem with national and global consequences. World-
wide, food waste amounts to over 1 billion tons and USD 940 billion in economic losses
annually [1]. In the U.S., 40% of food is lost or wasted each year, costing an estimated USD
218 billion [2]. But, despite all this wasted food, food insecurity (i.e., uncertainty in having
or inability to acquire adequate food for one’s household due to insufficient resources)
affected 17 million U.S. households at some time during 2022 [3]. This degree of food
insecurity is in some ways a function of food prices, which can be reduced via reducing
consumer food waste (i.e., lowering food demand and production [4]). Finally, beyond its
economic and societal impacts, food waste is the largest source of human-related methane
emissions in the U.S. and contributes to a wide range of environmental impacts including
climate change, air pollutants, water scarcity, biodiversity loss, and soil and water quality
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degradation [2]. Thus, initiatives to reduce food waste have the potential to positively
contribute to the economy, societal well-being, and the environment.

In June 2024, the U.S. White House, USDA, EPA, and Food and Drug Administration
(FDA) announced the National Strategy for Reducing Food Loss and Waste and Recycling
Organics as part of President Biden’s whole-of-government approach to tackle climate
change, feed people, address environmental justice, and promote a circular economy [5].
The strategy includes plans to develop, launch, and run a national food waste consumer
education and behavior change campaign. Targeting consumers is a high priority for food
waste reduction, given that roughly half of food waste occurs during the consumption
phase by households and food service [6]. Moreover, food waste at the consumption phase
carries larger environmental and economic cost than food losses upstream (e.g., farms or
manufacturing [7]). As such, a consumer-facing behavior change campaign could have
significant impacts, and its success depends on the effectiveness of its interventions.

To date, many consumer-facing food waste interventions have demonstrated mixed
effectiveness for several reasons. First, there is a general lack of theoretical framing of inter-
vention studies, such that the mechanisms through which interventions have their effects
are not sufficiently articulated [8]. Thus, it is difficult to determine why an intervention did
or did not demonstrate significant effects on food waste behaviors or amounts. Second,
studies demonstrate significant methodological heterogeneity, which makes it difficult to
come to an overall assessment of existing interventions in the field. Specifically, several
review and meta-analysis papers have emphasized that there is significant heterogeneity
in terms of experimental design (i.e., including “fair” control conditions (An example of
a “fair” treatment-to-control comparison is Roe et al. [9]: the treatment group received a
highly individualized food waste reduction intervention, and the control group received a
highly individualized (“intensity-matched”) stress management intervention. This study
represents a more rigorous test of the intervention when comparing treatment and control
groups and exemplifies the need for appropriate control groups.)), measurement of the
outcome variable (i.e., measuring wasted food, including a pre-intervention measure), and
using adequate statistical analyses [8,10-13]. Finally, many interventions utilize a one-
size-fits-all approach and do not consider the need for tailoring interventions to particular
households and lifestyles [9]. This is particularly worrisome due to the most effective
intervention likely being one that targets individuals’ specific interests and motivations—as
has been demonstrated in several areas regarding behavioral change (e.g., health [14];
well-being [15]; workplace [16]).

Thus, the current study is designed to compare two different intervention approaches
in an online experiment using random assignment and measuring self-reported food waste
and behaviors before and after the intervention. Specifically, we compare an informa-
tional intervention approach and a behavioral intervention approach, testing (1) which
informational conditions demonstrate a stronger effect on food waste and behaviors (i.e.,
“save money” versus “save money, reduce environmental impact, and help others”) and
(2) whether asking individuals to set if-then plans for themselves are incrementally effective
relative to only providing food waste-related information. In doing so, we hope to extend
the current literature by comparing these two common intervention paradigms.

2. Literature Review

The goal of the current study is to identify ways to help individuals reduce their
household food waste. Thus, the amount of household food waste is the ultimate focus of
this study. Borrowing language from intervention models in behavioral health and organi-
zational science [17,18], food waste reduction is the distal outcome of the intervention. To
impact distal outcomes, the intervention must first focus on impacting proximal outcomes:
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the behaviors, thoughts, and patterns that determine whether a household wastes more or
less food (distally).

Thus, the current intervention adopts an informational and behavioral approach to
influencing these proximal outcomes so as to, ultimately, reduce food waste. To guide
the intervention’s design, we utilize the Theory of Planned Behavior [19] as a framework
to determine how best to intervene in the process of attaining one’s goal—which, in the
present study, is food waste reduction.

In general, positive and cognitively accessible attitudes towards specific goal-relevant
behaviors are more likely to give rise to those specific behaviors [20]. Thus, informational
interventions can be delivered that bolster goal-relevant attitudes and, indirectly, promote
the attainment of those goals [8]. However, there is often a gap between attitudes and
behavior. In this regard, the Theory of Planned Behavior suggests that behavioral intentions
are a more proximal determinant of behavior, but those intentions themselves are influenced
by attitudes [21]. Thus, behavioral interventions that focus on this proximal link between
intentions and behaviors stand to be especially effective in promoting goal attainment [22].

2.1. Informational Approach

In their review of food waste intervention studies, the Ref. [8] found that many
studies focus on informational messaging: making individuals aware of the costs and
environmental impact of food waste; posting signage in grocery stores; tips to prevent food
waste and so forth. In general, such an approach to behavior change assumes that people
will utilize relevant, useful information and adjust their behaviors accordingly.

An informational approach to food waste reduction may be especially useful to the
extent that it targets issues relevant to people’s lifestyles. Typically, messaging about
food waste focuses on the potential to save money, to benefit the environment, and to
feed families suffering from food insecurity [23]. For example, the goals of the recently
announced National Strategy for Reducing Food Loss and Waste and Recycling Organics [5]
are to “substantially reduce environmental impacts” and to “provide social and economic
benefits that can help address the needs of underserved communities” (p. 4).

Thus, it seems critical to evaluate whether these messages can influence food waste be-
haviors and ultimately reduce food waste. However, it is possible that certain messages are
more effective than others. In a nationally representative survey, saving money was found
to be a key predictor of self-reported food waste amounts and was the most commonly
cited concern related to food waste, whereas environmental concerns were seemingly less
important—and even related to higher food waste [24].

Therefore, the present study evaluated whether a money-saving message alone was
as impactful as a holistic message about saving money, reducing environmental impact,
and helping others. These messages were delivered in narrative fashion, as some evidence
suggests that stories create more openness to information than information presented as
facts and statistics [25].

Hypothesis 1. Participants who are assigned to an informational intervention (i.e., a “save money”
message or a “holistic” message) will demonstrate (a) increased food waste reduction behaviors and
(b) decreased food waste, relative to participants who are assigned to a control condition (i.e., a
“sitting behavior” message).

Research Question 1. Is there a difference in (a) food waste reduction behaviors and (b) food
waste between participants who receive the “save money” message versus participants who receive
the “holistic” message?

However, the provision of information alone may not be sufficient to change food
waste behaviors. As stated by Hebrok and Heidenstrom [26]: “Informing consumers
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about food waste as a societal problem is not sufficient enough to change how they handle
food as part of their complex and interwoven everyday lives” (p. 1437). For example,
general information about the benefits of reducing food waste may not be utilized if the
information is not perceived as directly relevant to their lifestyles [27]. Thus, in the next
section, we discuss a behavioral approach that may be impactful above and beyond an
informational approach.

2.2. Behavioral Approach

As stated by the Theory of Planned Behavior, intentions are crucial predictors for
behavior, but intentions alone are not sufficient to understand when a person will achieve
their goals and execute the most appropriate behaviors [28]. This is likely to be especially
the case for intentions to reduce food waste because there are many other ongoing goal
pursuits that occupy people’s daily lives and that may take priority, and, even more simply,
reducing food waste is hard [26].

However, mirroring the gap between attitudes and behavior, intentions, too, do not
always lead to the intended behavior [22]. One way to improve the effectiveness and
situational relevance of intentions is via implementation intentions [29], which are if-then
action plans through which a person specifies a situation (“If situation x arises...”) and an
action to be performed (... Then I will perform response y”). By setting such intentions,
people are more likely to attain their goals because they have made a relevant situational
cue accessible and tethered it to an appropriate goal-directed action: “People are in a good
position both to see and to seize suitable opportunities to pursue their goals” (p. 300, [30]).
Thus, when situational conditions match the cues formed while creating implementation
intentions, people are more likely to recall and act upon their goals.

We reason that this behavioral approach to food waste reduction will be incrementally
effective above and beyond a purely informational approach for several reasons. First,
implementation intentions can effectively “shield” a person’s goal to reduce food waste
from becoming derailed by other concerns and goal pursuits (e.g., having sufficient food
for the whole family during holidays), while also ensuring that such goal pursuit does not
allow people to overextend themselves [31]. Thus, any food waste-related information
may be better preserved by the act of setting intentions. Second, setting implementation
intentions inherently involves tailoring one’s action plans to one’s household patterns,
one’s lifestyle, and so forth, rather than taking a “one size fits all” approach to food
waste reduction [26]. Third, there is a significant amount of evidence that documents the
effectiveness of implementation intentions on behavior change outcomes across a range
of domains [32]. As such, a recent review paper recommended intention-setting as a
framework for food waste reduction [33].

Therefore, the present study evaluated whether setting implementation intentions
had a stronger impact on food waste relative to only reading informational food waste
narrative messages.

Hypothesis 2. Participants who are assigned to set implementation intentions will demonstrate
(a) increased food waste reduction behaviors and (b) decreased food waste, relative to participants
who only receive the informational intervention and who do not set implementation intentions.

2.3. Current Study Design

The current study has been designed to compare informational versus behavioral ap-
proaches to household food waste interventions in the U.S. context. Due to the lightweight
nature of these interventions, we have selected a relatively short time frame of two weeks
to observe whether there are immediate, proximal changes in food waste behaviors and
amounts, though it is possible that these interventions require longer periods of time
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for uptake and that their effects may regress over time. Additionally, we have opted to
utilize self-reports for measures of key outcomes due to this method being previously
validated [24], straightforward to implement, and also relatively convergent with more
objective, intensive measurement methods [34,35]. However, these methods are unlikely to
be as accurate as objective methods, and they may be subject to additional biases. Finally,
though we have sought to make all conditions as similarly “strong” to allow for a fair
comparison [36], it is possible that the purely informational approach is simply “weaker”
than the behavioral approach [8]. However, we preferred this comparison, even despite the
possible difference in strength, because it closely approximates how these approaches are
utilized in the “real world”.

3. Methods
3.1. Participants

Prior to recruitment, we conducted a one-tailed power analysis using G*Power (3.1)
with alpha set at 0.05 and power at 0.80 for both an independent ¢-test (i.e., comparing
participants assigned to different conditions) and a dependent -test (i.e., comparing partic-
ipants over time). The required sample size to detect small effects (d = 0.20) was 310 per
condition for the independent -test and 272 per condition for the dependent ¢-test. Thus,
given these power considerations and our financial resources, we aimed to recruit at least
1500 participants (i.e., due to there being five study conditions).

We initially recruited 1999 adults from Prolific, an online participant panel platform, to
complete Survey 1. However, we did not invite 31 participants to complete Survey 2 (two
weeks later) due to failing the embedded attention check or for otherwise demonstrating
low effort in responding to the survey. Additionally, of this number, we were only able
to allow 1500 to complete Survey 2 due to financial resource limitations. Thus, 1494
successfully completed Survey 1 and Survey 2 and was the final sample size for this study.
As compensation for their time, participants received USD 12 dollars for completion of the
full study (USD 5.00 for Survey 1 and USD 7.00 for Survey 2).

As can be seen in Table 1 below, the sample consisted of a balanced representation of
age, gender, household size, employment, and income generally consistent with national
demographics. The sample comprised U.S. households. The sample reported an above-
average level of education compared to the national average, with 86.9% of the sample
having education beyond a high school graduate whereas only 63.3% of the nation is
reported to have pursued education beyond high school [37].

Table 1. Participant demographics.

Measure N Percent M SD National
Average
Age 1492 39.58 13.07 38.9
Household size 1488 2.92 1.41 2.51
Number of c.hlldren (aged < 18 years) 1489 0.80 113 0.55
in household
Gender
Female 852 57.10% 50.5%
Male 616 41.29% 49.5%
Non-binary 19 1.27%
Prefer not to answer 5 0.34%
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Table 1. Cont.

Measure N Percent SD National
Average
Race
White 989 66.20% 75.3%
Black 220 14.73% 13.7%
Asian 109 7.30% 6.4%
Mixed /Other 176 11.77% 4.7%
Employment
Employed full-time 850 57.09% 37.3%
Employed part-time 275 18.47% 10.4%
Not employed and not looking 237 15.92% 37 49,
for work
Not employed but looking for work 127 8.53% 41%
(unemployed)
Annual Household Income
USD 12,000 to USD 23,999 86 5.77%
USD 24,000 to USD 35,999 150 10.07%
USD 36,000 to USD 47,999 121 8.12%
USD 48,000 to USD 59,999 191 12.82%
USD 60,000 to USD 89,999 281 18.86%
USD 90,000 to USD 119,999 240 16.11%
USD 120,000 to USD 179,999 226 15.17%
USD 180,000 to USD 239,999 62 4.16%
USD 240,000 and over 53 3.56%
Education
Less than a high school diploma 13 0.87% 8.9%
High school graduate 182 12.19% 27.9%
Technical,' trade, vocational, 46 3.08% N/A
business school
Two-year associate degree 135 9.04 10.5%
Some college, but no degree 283 18.96% 14.9%
Four-year bachelor’s degree 578 38.71% 23.5%
Some postgrad. schooling, but no 3 214% N/A
postgrad. degree
Postgraduate or professional degree 224 15.00% 14.4%

Note. N = sample size; M = mean (the average value of a set of numbers); SD = standard deviation (a measure of
how spread out the values are from the average). Responses to demographic questions were not required, and
some respondents chose not to answer one or more questions. Therefore, counts of responses may sum to less
than the full sample of 1494. Note that the median household income at the national level is USD 80,610.

3.2. Procedure and Measures

This study involved two surveys: Survey 1 was completed by participants on Monday,
19 August 2024, and Survey 2 was completed by participants two weeks later between
Monday, September 2, and Tuesday, September 3. Each survey took participants approx-
imately 10-12 min to complete. The research was approved by the institutional review
board of The MITRE Corporation.

In Survey 1, participants first provided informed consent and then reported their
household’s food waste (in cups and tablespoons) and food waste-related behaviors over
the past week. To measure household food waste, we adapted the self-report method
used by [24]. Participants were told: “Please think about all the food that gets thrown
away or disposed of at your home. By disposed food, we mean food that went in the trash
bin, in the compost, or down the sink drain. This includes food wasted by all members
currently residing in your household and any foods you purchased from a store, market,
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or a restaurant, obtained at a food bank or pantry, received as a gift, or grown or raised
yourself.” Then, participants were asked to estimate approximately how many cups (i.e.,
the size of a closed fist) and tablespoons (i.e., the size of a thumb) of food was wasted in
their households “in the past 7 days” for each of the following categories: fruit, vegetables,
grains, protein, dairy, mixed, scraps, and oils, fats, and sugars. Excluding scraps, these
amounts were summed to form a total measure of household food waste. Of note, despite
noted limitations of self-reported food waste measures, this method has demonstrated
moderate convergent validity with a diary-based, objective measure of food waste [34].

To measure food waste-related behaviors, participants reported the frequency with
which they enacted behaviors related to food acquisition (i.e., checking food at home before
shopping, making and sticking to shopping lists), date label wasting (i.e., wasting food
because it had passed its date label), and leftover usage (i.e., using leftovers as ingredients,
eating leftovers as meals, prioritizing leftovers close to expiration, throwing away leftovers).
These behaviors were measured by adapting items published in the MITRE Gallup State of
Food Waste in America report [24].

Next, participants were randomly assigned to one of three narrative messages: (1) a
“money” message wherein a narrator described their attempts to reduce food waste in
order to save money; (2) a “holistic” message wherein a narrator described their attempts
to reduce food waste in order to save money, reduce negative environmental consequences,
and help the food-insecure; or (3) a “sitting” control message that was unrelated to food
waste and included a narrator’s description of their efforts to reduce sitting behavior
to improve their health. The full text of these messages can be found in the online
Supplementary Materials S1-S3.

Then, participants who read the “money” and “holistic” messages were randomly as-
signed to either set implementation intentions or were not prompted to set implementation
intentions. Participants assigned to set intentions were first told: “Implementation inten-
tions are simple IF-THEN statements that describe (1) a situation (e.g., point in time, place)
relevant to your goal, and (2) an action to be performed relevant to your goal. The basic
structure of these statements is: “IF I encounter situation X, THEN I will perform action Y!”
Then, participants were instructed to make at least one or two implementation intentions
to reduce food waste over the coming week in one of the following categories: (1) food
acquisition (e.g., meal planning, grocery shopping), (2) food preparation (e.g., cooking,
food storage), and (3) leftovers (e.g., using up leftovers, using leftovers in other meals).
Participants were provided with examples for each (e.g., “IF I am going shopping, THEN I
will make a shopping list beforehand.”). The full text of these instructions can be found in
the online Supplementary Materials S4.

One week after completing Survey 1, participants were sent a check-in message
reminding them of the upcoming Survey 2 and also reminding them to keep track of their
food waste. Participants who had set implementation intentions were reminded to enact
their intentions.

Finally, two weeks following completion of Survey 1, participants were invited to
Survey 2. Participants first completed the same food waste and food waste-related behavior
measures in reference to the past week. Participants also completed a number of items
regarding how they tracked food waste, their experiences with their implementation
intentions, and demographic characteristics.

3.3. Study Design

The procedure described above resulted in a 2 (time: pre-vs. post-intervention) by
3 (informational condition: money vs. holistic vs. sitting) by 2 (behavioral condition:
set intentions vs. did not set intentions) factorial design. The time factor was manipu-
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lated within participants, whereas the informational and behavioral conditions were
manipulated between participants. Participants were randomly assigned to one of five
study conditions, shown in Table 2 below.

Table 2. Study design overview and sample sizes.

Informational Condition

. Sitting Message
Money Message Holistic Message (Control)
Behavioral
Condition
Set intentions N =311 N =288 o
Did not set N = 305 N = 305 N =285

intentions (control)

Note. N = sample size.

3.4. Data Analysis

Data was analyzed using R [38]. The first step was to conduct bivariate mean
differences to test whether there were significant changes in food waste amounts before
and after the intervention across all conditions (i.e., Survey 1 vs. Survey 2). Analyses
involved paired-sample t-tests and calculation of Cohen’s d effect sizes. The second
step was to conduct multiple regression analyses to compare the effects of the money
message versus the control message (Model 1), the holistic message versus the control
message (Model 2), the money message versus the holistic message (Model 3), and
the implementation intention-setting versus no intention-setting conditions (Model
4). All analyses controlled for pre-intervention levels of the four outcome variables in
their respective analyses [39]: food acquisition behaviors, date label wasting behavior,
leftover usage behaviors, and food waste.

4. Results

Descriptive statistics are shown for focal variables in Table 3, and a visual of the mean
differences in food waste and food behaviors is shown in Figures 1 and 2.

Table 3. Descriptive statistics for focal outcome variables.

Pre-Intervention Post-Intervention

M SD Median M SD Median

Edible food waste (cups) 9.01 8.02 7.00 7.97 7.35 6.00
Food acquisition behaviors 2.78 0.79 3.00 2.88 0.75 3.00
Date label wasting behavior 2.01 1.10 2.00 1.78 1.15 2.00
Leftover usage behaviors 2.35 0.71 2.50 2.47 0.72 2.50

Note. M = mean (the average value of a set of numbers); SD = standard deviation (a measure of how spread out
the values are from the average). Edible food waste is the sum of all food waste reported per category (fruit,
vegetables, grains, protein, dairy, mixed, oils) but excludes food waste reported as scraps.
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Figure 1. Mean differences in pre- and post-intervention food waste across study conditions.
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Figure 2. Mean differences in pre- and post-intervention food behaviors across study conditions.

Prior to testing this study’s hypotheses and research question, we began by computing
bivariate mean differences in food waste amounts across study conditions, as food waste
reduction is the ultimate goal of these interventions. As can be seen in Table 4 and Figure 3,
there was a significant reduction in post-intervention food waste across all study conditions.
Furthermore, the largest effect sizes are associated with the combined condition where
participants read the holistic message and then set implementation intentions (d = 0.26),
the implementation intention-setting condition (d = 0.21), and the holistic message infor-
mational condition (d = 0.19). Figure 4 shows the distribution of these effect sizes for each
condition, given that each is relatively small and may be more easily distinguished visually.
Of note, there was a significant reduction in food waste in the control condition as well,
which was comparable to the reductions in the message-only conditions with no prompts
for implementation setting.
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Table 4. Bivariate mean differences comparing pre- and post-intervention waste.

Pre- Post-
N Intervention Intervention t d
Food Waste Food Waste

Message
Money 616 9.18 (8.14) 8.21 (7.41) 3.59 *** 0.14
Holistic 593 8.70 (7.68) 7.50 (7.10) 4.55 *** 0.19
Sitting (Control) 285 9.32 (8.47) 8.45 (7.68) 2.28* 0.13
Intention
Set intentions 599 9.13 (7.50) 7.82 (7.18) 5.06 *** 0.21
No intentions (Control) 896 8.94 (8.36) 8.08 (7.46) 3.87 ¥ 0.13
Message * Intention
Money * Set intentions 311 9.42 (7.75) 8.37 (7.70) 2.82 ** 0.16
Holistic * Set intentions 288 8.81 (7.21) 7.22 (6.53) 4.43 *** 0.26
Money * No prompt 305 8.93 (8.51) 8.05 (7.12) 225* 0.13
Holistic * No prompt 305 8.59 (8.11) 7.76 (7.60) 2.17* 0.12
Sitting * No prompt 285 9.32 (8.47) 8.45 (7.68) 2.28* 0.13

Note. N = sample size; t = f-value (a statistic that shows how much a result differs from what is expected by
chance); d = Cohen’s standardized mean difference effect size (a measure of how large the difference is between
two groups, expressed in standard deviation units). As described in the Method section, the “Set intentions” and
the “No intentions (Control)” intention conditions include participants who received a holistic message and who
received a money message. Similarly, the “Money” and “Holistic” message conditions include participants who
set intentions and participants who did not, whereas participants in the “Sitting (Control)” condition did not set
intentions. *** p < 0.001. ** p < 0.01. * p < 0.05.

10
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0
Money message; Holistic message; Money message; Holistic message; Sitting message;
Set intentions Set intentions Did not set intentions  Did not set intentions  Did not set intentions
W Pre-intervention edible food waste (cups) m Post-intervention edible food waste (cups)

Figure 3. Mean differences in pre- and post-intervention food waste in each study condition.

To test study hypotheses and research question, we conducted a series of multivariate
tests using multiple linear regression for four separate outcomes: post-intervention food
acquisition behaviors, date label wasting behavior, leftover usage behaviors, and food
waste. In each model, we controlled for the pre-intervention level of each outcome. These
results can be seen in Table 5.
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Figure 4. Comparison of effect sizes in each study condition. Note that the first five values are for
individual conditions, whereas the conditions with an asterisk are the combined conditions (e.g.,
“Money * Set intentions” = individuals who received the money message and were assigned to set
implementation intentions).

Table 5. Regression analysis of post-intervention outcomes.

Acqli:)i‘;?tion Date Label Wasting  Leftover Usage Food Waste
B SE B SE B SE B SE
Model 1: H1 (N = 901)
Message: Money vs. Sitting 0.04 0.04 -0.17* 0.07 0.04 0.04 —0.15 0.41
Control: Pre-intervention level 0.63 *** 0.03 0.57 *** 0.03 0.68 *** 0.03 0.59 *** 0.02
Model 2: H1 (N = 878)
Message: Holistic vs. Sitting 0.06 0.04 —0.24 ** 0.07 0.06 0.04 —0.58 0.40
Control: Pre-intervention level 0.64 *** 0.02 0.52 *** 0.03 0.67 *** 0.03 0.59 *** 0.02
Model 3: RQ1 (N = 1209)
Message: Money vs. Holistic —0.02 0.03 0.07 0.06 —0.02 0.03 0.44 0.33
Control: Pre-intervention level 0.62 *** 0.02 0.49 *** 0.03 0.63 *** 0.02 0.58 *** 0.02
Model 4: H2 (N = 1209)
I“te““‘;‘(s;iif;rt‘its;‘:"ns VS 009% 003 —026™* 006 0I14** 003  -030 033
Control: Pre-intervention level 0.62 *** 0.02 0.50 *** 0.03 0.63 *** 0.02 0.58 *** 0.02

Note. B = unstandardized regression coefficient (shows how much the outcome changes for each one-unit change
in a predictor variable); SE = standard error (an estimate of how much a measured value is likely to vary due to
random chance). Model 1 excludes participants who received the holistic message, and “Money vs. Sitting” is a
dummy-coded variable such that 0 = money message and 1 = sitting message. Model 2 excludes participants
who received the money message, and “Holistic vs. Sitting” is a dummy-coded variable such that 0 = holistic
message and 1 = sitting message. Model 3 excludes participants who received the sitting message, and “Money
vs. Holistic” is a dummy-coded variable such that 0 = money message and 1 = holistic message. Model 1 excludes
participants who received the sitting message, and “Set intentions vs. No intentions” is a dummy-coded variable
such that 0 = did not set implementation intentions and 1 = set implementation intentions. Pre-intervention level
is the amount of food wasted reported in Survey 1 (i.e., pre-intervention) for the food waste amount analysis, the
level of food acquisition behaviors reported in Survey 1 for the food acquisition behaviors analysis, and so forth.
***p < 0.001. ** p <0.01. * p < 0.05.

Beginning with Hypothesis 1a (Model 1 and Model 2 in Table 5), we found that the

“save money” message and the “holistic” message were associated with significant re-
ductions in post-intervention date label wasting (relative to the control condition of the
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“reduce sitting” message), but otherwise neither message was associated with other post-
intervention food waste reduction behaviors. Turning to Hypothesis 1b, neither message
was associated with significant reductions in post-intervention food waste. Thus, Hypoth-
esis la was partially supported, and Hypothesis 1b was not supported. Furthermore, in
answer to Research Question 1, inspection of Model 3 results in Table 5 reveals that there
was no difference in effect on date label wasting between the money and holistic messages.

In summary, it appears that there may be some effects of messaging on a subset of
food waste reduction behaviors, but purely informational approaches to behavior change
may be limited in effectiveness. Moreover, although these messages were associated with
significant reductions in the bivariate analysis (Table 4), controlling for the effects of the
pre-intervention level of the outcome may have washed out those effects in these analyses.
Finally, we conducted a secondary analysis of Model 1 and Model 2 for post-intervention
date label wasting including only individuals who did not set implementation intentions,
and we found that the effects of the money message (vs. sitting; B = —0.05, SE = 0.08,
p = 0.56) and the holistic message (vs. sitting; B = —0.09, SE = 0.08, p = 0.25) became
non-significant. Therefore, messaging appears to have little practical utility as a food waste
reduction effort.

Finally, turning to Hypothesis 2 and Model 4 results in Table 5, we found that par-
ticipants assigned to set implementation intentions demonstrated superior food waste
reduction behaviors (i.e., higher food acquisition, less likely to waste food based on its date
label, and higher leftover usage) relative to participants who did not set implementation
intentions (i.e., information-only conditions). However, there was no significant difference
in post-intervention food waste. Thus, Hypothesis 2a was supported, but Hypothesis 2b
was not supported.

In summary, implementation intentions seemed to have enabled individuals to enact
higher levels of behaviors that are associated with lower food waste, although there was
no direct effect of the intentions on food waste itself. In an exploratory analysis, we tested
whether post-intervention food waste reduction behaviors themselves predicted post-
intervention food waste (while controlling for pre-intervention levels of all variables). We
found that food acquisition behaviors were unrelated to food waste (B = —0.45, SE = 0.26,
p = 0.08), but date label wasting behavior (B = 0.88, SE = 0.14, p < 0.001) and leftover
usage behaviors (B = —1.78, SE = 0.27, p < 0.001) were significantly related to food waste.
Therefore, the effect of the implementation intentions may be indirect, rather than direct, but
this explanation is tentative and requires further exploration in future research. Messages
alone, however, are clearly insufficient to promoting behavior change and furthering goals
of food waste reduction in the household.

5. Discussion

The purpose of this study was to develop a consumer-facing food waste behavior
change intervention that could be scaled up to a national food waste reduction campaign.
To that end, using a two-time survey with pre- and post-intervention food waste and
behavior measurements, we tested the effectiveness of a message-based, informational
intervention approach and an action-based, behavioral intervention approach.

Our findings indicate that a message-based approach alone may have little practical
utility as a food waste reduction tool. Relative to a control message unrelated to food waste,
holistic and money-focused messages had significant impacts only on date label related
behaviors, but not on food acquisition behaviors, leftover usage behaviors, or food waste
itself. This is in line with Simoes et al.’s [40] assessment from a recent review paper: “But
knowing the impacts is not as effective as knowing specific actions to reduce food waste,
which suggests that information and awareness raising on the impacts of consumer food
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waste alone arenot enough to change consumer behavior” (p. 8). However, as noted by
one reviewer, future research may test a stronger message-based approach by utilizing
an in situ delivery method for the information, possibly relying on technological aids
(e.g., mobile applications, reminders) that can ensure that the information is provided in a
timely, relevant fashion [17]. Additionally, as discussed by Castro et al. [41], smartphone
applications can provide a full suite of information within a person’s daily life, such as
recipe ideas, sustainability information, and even a platform for sharing information and
requests with other users. Thus, future research may consider testing this approach.

In contrast, an action-based approach involving setting implementation intentions
did increase food waste reduction behaviors across food acquisition, leftover usage, and
date label domains. While these effects on behavior did not translate into decreased food
waste amounts relative to the control group, it is possible that such effects may take longer
than one week to manifest. Indeed, Roe et al. [9] tested a tailored food waste reduction
intervention and similarly found promising results with regard to antecedent behaviors
but a non-significant reduction in plate waste, which they attributed in part to the short
duration of the intervention. Future studies examining intervention effects across longer
durations with multiple measurement points are needed. Of note, this sample was more
highly educated and thus not fully representative of national demographics, and so future
studies may also test these interventions in samples of varying educational levels as well
as levels that are nationally representative.

Interestingly, we observed small, statistically significant decreases in reported food
waste between pre- and post-test across all participants, including those in the control group
who did not receive food waste messages or set implementation intentions. Although
the control group did not participate in the interventions, they did report their respective
household food waste levels and behaviors during the pretest session. In line with the
notion that “what gets measured gets managed,” it is possible that simply measuring
food waste at pretest increased awareness and motivation to reduce food waste [42]. It is
also possible that the control group’s decrease in food waste was due to demand effects.
Participants may have inferred the study’s focus was on food waste and responded with
lower food waste levels at posttest in line with intuition of study aims. The finding of
significant reductions in food waste amounts in the control group highlights the need for
careful consideration of control group design in food waste intervention research. Simply
observing pre- post decreases in food waste amounts in an intervention condition could
be a measurement artifact, rather than an indication that the intervention itself caused the
food waste change.

Future research investigating whether and how food waste measurement alone im-
pacts behavior and waste outcomes is needed. The current study utilized self-report
methods, which, though generally convergent with other methods [34,35], is likely to have
produced an underestimate of actual food waste amounts and may have exerted a more
obvious demand effect. Therefore, one possible approach to study measurement impacts
includes having others report on a person’s food waste amounts, to reduce demand effects
and biases that may motivate participants to report lower food waste at posttest. Another
possible approach is to measure food waste amounts via curbside waste audits, rather than
self-reported food waste. With this measurement approach, researchers collect, sort, and
weigh food waste components of household trash streams, providing an objective estimate
of food waste over time [43]. If future studies with such methods find that measuring
food waste itself is a viable, effective food waste reduction intervention, behavior change
campaigns could consider implementing measurements with feedback (e.g., via trend line
charts) as a potential tool to change behavior.
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An additional direction for future research is to test for whom either informational
or behavioral intervention approaches are more or less effective. As raised by one re-
viewer, demographics can influence outcomes, and in the current study we conducted an
exploratory analysis of results by education level, income, and household size. Specifically,
for participants who were assigned to set implementation intentions, we examined correla-
tions between change in food waste pre-/post-intervention and education, income, and
household size. We found only weak relationships: education was unrelated to change in
food waste (r = —0.04, p = 0.36), income was negatively related to change in food waste
(r=—0.09, p = 0.04), and household size was unrelated to change in food waste (r = —0.06,
p = 0.14). Thus, it may be that behavioral approaches are slightly more effective for house-
holds with higher income levels, but future research may continue to explore this and other
moderating demographic and lifestyle variables.

Finally, future research may consider testing alternative control conditions. Specif-
ically, as raised by one reviewer, it is possible that the various intervention conditions
were not matched in intensity and thus may have exerted a demand effect. We would
suggest that asking participants to set implementation intentions to reduce their sitting
behavior (as a control) is similar in strength to asking participants to set implementation
intentions to reduce their food waste (as a treatment), in that both require participants to
take steps to change aspects of their daily lifestyle. Indeed, past research has found that
implementation intentions are effective for increasing physical activity [44], meaning that
this is a relatively like-for-like comparison. However, future research should test alternative
control conditions to determine whether different results may appear.

6. Conclusions

Changing consumer food behaviors to improve climate, food insecurity, and financial
outcomes is of critical importance, yet it is a difficult endeavor. The present research
yielded three key insights for researchers and practitioners in this realm. First, simply
focusing on educational/informational messaging alone may not yield impacts of the size
needed to halve food waste by 2030. Second, setting implementation intentions has greater
promise for effecting behavior change, though impacts on food waste one week after setting
intentions were null. Third, asking households to simply track their weekly food waste
may itself act as an intervention.
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Abstract

Food waste undermines the four dimensions of food security, availability, accessibility,
utilization, and stability, while imposing adverse economic, social, and environmental
impacts on sustainable food systems. Understanding the behavioral determinants of food
consumption rationalization is essential for addressing this challenge in the Kingdom of
Saudi Arabia. This study examines household food waste behaviors within a knowledge-
based framework that integrates three interconnected constructs: awareness of food waste
consequences, behavioral knowledge of waste-reduction practices, and actual engagement
in conservation strategies. Data were collected from 255 households (response rate: 66%) in
Buraydah City through an electronic questionnaire administered in shopping malls. Using
Baron and Kenny mediation analysis and multiple linear regression, awareness of waste
consequences influences conservation practices both directly (8 = 0.132, p < 0.001) and indi-
rectly through behavioral knowledge (accounting for 68.6% of the total effect), explaining
74.9% of the variance in household conservation behaviors (R? = 0.749). The analysis re-
veals that awareness of waste consequences influences conservation practices both directly
and indirectly through behavioral knowledge, establishing a mediation pathway. Together,
these knowledge dimensions significantly explain variations in household conservation
behaviors. The findings highlight the critical interplay between awareness and practical
behavioral knowledge in driving sustainable food consumption practices. These insights
provide empirical guidance for policymakers and agencies seeking to develop targeted
interventions that integrate consequence messaging with practical behavioral training to
effectively reduce household food waste and promote food security in Saudi Arabia.

Keywords: Saudi Arabia; food security; food waste; sustainability; food supply

1. Introduction

Minimizing food waste is a critical strategy for addressing global challenges, including
climate instability, food insecurity, and resource scarcity. This multifaceted problem not
only degrades the natural environment but also poses significant risks to public health [1].
Research shows that reducing food waste improves food quality and sustainability [2].
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Food waste has serious consequences for food security, the environment, and the economy,
as discussed globally, with 79 kg of food waste per capita and 1 billion meals lost daily [1,3].
Economic losses from global food waste total USD 2.6 trillion. This includes USD 700
billion in environmental effects, USD 1 trillion in production and waste losses, and USD
900 billion in quality-of-life losses [4]. Food waste accounts for approximately 28% of the
world’s agricultural land, resulting in 1.03 billion tons of waste annually. Currently, 29.6%
of the world’s population is moderately to severely food insecure, yet consumer behavior
results in the wastage of 60% of food [1]. These facts show that achieving Sustainable
Development Goal targets, particularly reducing food waste by 50% by 2030, is difficult [5].

Food waste has far-reaching consequences beyond food security. They deplete re-
sources and reduce future productivity in the food system. Water, land, energy, labor,
and capital are needed to produce and distribute food waste. Long-term agricultural
sustainability is compromised [6]. Air, water, and soil pollution degrade the ecosystem
while depleting resources [7]. Over time, agricultural systems become increasingly re-
sponsive to production. In vulnerable agrarian systems, water shortages and nitrogen
loss-induced soil erosion increase the costs of resources [8]. Food waste accounts for 8% of
global greenhouse gas emissions, third after the US and China [1]. Climate change-causing
emissions make climate stabilization and environmental protection harder [9]. Food waste
emits greenhouse gases, which can contribute to changes in weather patterns, including
increased precipitation, droughts, and poorer agricultural production due to fluctuations in
temperature and water availability. Environmental impacts on complex food systems create
interconnected vulnerabilities [10]. Many processes affect food security and nutritional
adequacy for current and future populations. Food waste reduces US and global food
availability. Commodity pricing raises food prices, making it harder for people to obtain.
Physical waste depletes nutrition. Unsustainable resource use harms food and nutritional
security. Food waste affects all sectors of the global food system; therefore, we must address
production, distribution, consumption, and waste management [11].

Food waste represents a critical sustainability issue that directly undermines the
dimensions of food security, including availability, access, utilization, and stability [12].
Reducing food waste is a crucial priority for sustainable development, as it provides
cost-effective alternatives to increased production and improves food availability [13].
Achieving the 2050 population projections requires a 60% increase in food production,
provided that food waste reduction is also implemented simultaneously [1,14].

In Saudi Arabia, food waste represents a critical sustainability challenge. Current esti-
mates indicate an annual waste generation of approximately 2330 million tons (105 kg per
capita), accounting for 18.9% of the national waste index and valued at USD 40.48 billion
annually. These losses generate annual economic impacts equivalent to 1.9% of gross
domestic product [15,16]. Given that Saudi Arabia imports 80% of its food commodities
at a yearly cost exceeding USD 12 billion, reducing food waste has a direct impact on
national economic sustainability and import dependency. The significance of this challenge
is evident in the Kingdom’s strategic prioritization, with food waste identified as a critical
risk to food security in national food security strategy documentation [17,18]. Research
indicates that food waste behavior functions as a conscious phenomenon, primarily linked
to cognitive factors rather than habitual patterns, suggesting substantial potential for inter-
vention through enhanced awareness initiatives [19-21]. Consumer-level interventions are
crucial, as production-focused solutions are limited without simultaneous changes in con-
sumer behavior [22,23]. Addressing food waste requires comprehensive, consumer-focused
measures, particularly as 8.1% of the Saudi population faces severe food insecurity [24].

Consumer engagement occurs when people acknowledge the consequences of food
waste and are willing to change their behavior [25]. Awareness campaigns about the
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environmental, economic, and moral impacts of certain actions can affect behavior, such
as shopping with a purpose and reusing leftovers. However, a lack of knowledge and
practical assistance makes waste-reduction strategies difficult to implement [26]. Changing
habits requires adopting ethical attitudes and acquiring knowledge about food storage
and purchasing [27]. Knowledge of environmental challenges, notably landfills and water
scarcity, increases responsible consumerism and sustainability [28]. Focusing on food stor-
age and shopping habits reduces waste by 10% in households that shop once a week [29].
This indicates that practical planning abilities significantly reduce waste [30,31]. Cognitive
variables, such as food management knowledge and awareness, have the most significant
impact on food waste. Some cultural factors, including religion, can prevent food waste [31].
Since it changes many people’s behavior, consumer-level prevention is the most effective
intervention. Educational initiatives for young adults, combined with digital communi-
cation tools and social media platforms, may be beneficial [23]. Understanding how food
waste affects knowledge, behavioral knowledge, and conservation practices is crucial to
reducing food waste at all stages of consumption and encouraging sustainable food con-
sumption [24,32,33]. Finding the best means to distribute knowledge ensures that everyone
can access it, thereby bridging the gap between knowledge and practice. This supports
Saudi Arabia’s Vision 2030 initiatives, which aim to reduce food waste [10,27]. This study
proposes a paradigm that examines the interaction between knowledge of food waste,
knowledge of food conservation, and food conservation practices. This study extends tra-
ditional KAP by: (1) distinguishing consequences knowledge (theoretical knowledge of im-
pacts) from behavioral knowledge (practical knowledge of implementation), and (2) testing
whether behavioral knowledge mediates the relationship between consequence-awareness
and practice, thereby identifying distinct motivational and capability mechanisms. The
framework integrates the Knowledge-Attitude-Practice (KAP) model’s sequential progres-
sion with NAT’s mechanism and SCT’s emphasis on capability development. Behavioral
knowledge serves as a mediator through which consequence-awareness translates into
practice, as illustrated in Figure 1.

Knowledge of the Knowledge of food
effects of food waste conservation behaviors

Practicing food-saving behaviors

Figure 1. Knowledge-practice integration in household food waste reduction: a mediation framework
indicating the behavioral knowledge mediates food waste awareness and conservation practice.

Understanding household food waste requires theoretical frameworks integrating
knowledge, attitudes, and practices. While Theory of Planned Behavior (TPB) emphasizes
intention, Social Practice Theory (SPT) reframes consumption as socially situated, and
Value-Belief-Norm (VBN) Theory establishes pathways from values through awareness to
personal norms, this study employs a KAP framework distinguishing between consequence
knowledge (understanding why waste reduction matters) and behavioral knowledge (un-
derstanding how to implement practices), operating as motivational drivers and capability
enablers, respectively. This dual-knowledge model clarifies why awareness campaigns

https://doi.org/10.3390/su18020686
184



Sustainability 2026, 18, 686

alone fail to produce sustained behavior change, provides cultural resonance within the
Saudi Arabian context where food waste is psychologically driven, and enables precision in
intervention design. The mediation model quantifies direct versus indirect effects, enabling
evidence-based resource allocation, with approximately 40% of intervention resources allo-
cated to consequence messaging and 60% to practical training. Food waste in Saudi Arabia
amounts to 2330 million tons annually, valued at USD 40.48 billion, equivalent to 18.9%
of the country’s total waste. This figure is particularly urgent, given the 80% dependency
on food imports, which incurs yearly costs exceeding USD 12 billion. Consumer-level
interventions that integrate consequence messaging with practical behavioral training
demonstrate significantly greater effectiveness than either approach independently, making
the dual-knowledge mediation model essential for advancing intervention effectiveness
and supporting Saudi Vision 2030’s food security objectives [10,27].

Research Hypotheses and Theoretical Rationale

This study proposes that knowledge of consequences translates into food waste re-
duction practices through a dual-mechanism mediation framework that integrates Norm
Activation Theory (NAT) and Social Cognitive Theory (SCT). H1: posits that consequence
knowledge has a statistically significant total effect on conservation practices through
both direct motivational pathways (8 = 0.132, p < 0.001) and indirect capability path-
ways. Grounded in NAT, consequence awareness across four domains—religious-ethical
(M =4.73, highest), economic (M = 3.82), food security (M = 3.58), and environmental
(M = 3.15, lowest), activates personal moral responsibility. The religious-ethical domain
dominates (83.1% report “completely know” Islamic prohibition of wastefulness), reflecting
the cultural embeddedness of Islamic stewardship principles. However, the modest direct
effect (31.4% of total impact) reveals that motivation alone produces limited behavior
change, requiring capability enhancement for sustained practice [22]. H2: specifies that mo-
tivated individuals actively seek behavioral knowledge, operating through Social Cognitive
Theory’s knowledge-seeking mechanism. Individuals who understand the consequences
experience psychological dissonance between their values (reducing waste and honoring
Islamic teachings) and their capabilities (a lack of practical knowledge), motivating them to
seek information and acquire skills. This is evidenced empirically: 47.8% of respondents en-
gage with food preservation organizations explicitly teaching behavioral knowledge, with
86.9% reporting high satisfaction. Communication preferences reveal that motivated indi-
viduals prioritize efficient knowledge-delivery channels (WhatsApp, M = 3.70; Snapchat,
M = 3.53; SMS, M = 3.38) over passive formats (Facebook, M = 2.22; Zoom, M = 2.49),
demonstrating that motivation drives active knowledge acquisition rather than passive
exposure [34]. H3: proposes that behavioral knowledge mediates the consequence-practice
relationship through partial mediation, with capability (not motivation) as the dominant
mechanism. The bivariate correlations reveal this pattern: behavioral knowledge predicts
practice strongly (r = 0.86), while consequence knowledge predicts practice moderately
(r = 0.42), indicating that knowing how (capability) substantially outweighs knowing why
(motivation). The indirect pathway through behavioral knowledge accounts for 68.6% of
the total effect, while direct motivational effects account for 31.4%. This decomposition has
critical intervention implications: approximately 68% of resources should target capabil-
ity development (practical training, skill-building), while 32% should target motivation
(awareness messaging). Partial (not complete) mediation persists because activated per-
sonal moral norms maintain independent effects: individuals with strong awareness of
consequences implement practices even with imperfect knowledge, driven by an intrinsic
sense of responsibility. This integrated model explains why awareness campaigns alone
achieve modest behavior change (10-20% variance), while dual-component interventions
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combining consequence messaging with behavioral training achieve substantial change
(74.9% variance explanation), a 4-fold improvement, supporting evidence-based inter-
vention design for household food waste reduction in Saudi Arabia [35]. The integrated
model predicts that knowledge of consequences is necessary but insufficient for behavior
change. Direct effects reflect motivational activation; indirect effects reflect capability en-
hancement. Mediation analysis enables the decomposition of mechanisms and informs the
design of evidence-based interventions, balancing consequence messaging with practical
behavioral training.

2. Materials and Methods
2.1. Description of the Study Area

The city of Buraydah is situated in the north-central part of the Kingdom of Saudi Ara-
bia, spanning an area of approximately 1300 square kilometers. Its population is estimated,
according to the 2022 Saudi population census, to be approximately 677,647 people. The
city of Buraydah is considered the agricultural hub of the Qassim region and the entire
Kingdom. Agriculture represents the foundation of the regional economy, characterized by
the availability of groundwater and fertile lands suitable for agriculture, and is rich in the
quality of agricultural production of various types of crops, including wheat, vegetables,
fruits, and dates [36].

The region features the world’s largest date palm endowment farm. The project
features approximately 200,000 diverse palm trees, with a production quantity exceeding
5000 tons, and has obtained multiple international certifications, including recognition
from the Guinness Book of World Records and the European Organization for Organic
Agriculture (Ecocert) certificate for the production of organic dates. The study area also
encompasses the world’s largest date market, which produces 390,000 tons annually and
exports to over 20 countries worldwide [37].

2.2. Research Design and Data Collection Method

The survey was conducted using a convenience, non-probability sample of household
shoppers at various locations in major grocery store outlets. This method was used because
a complete database of the study population, including contact information for the study
population units, was not available. Therefore, this method is suitable for ensuring access
to respondents in shopping malls, as grocery stores are a key stage in the food consumption
process and are relevant to the study’s topic and objectives. It is also effective for practical
communication with shoppers who play a direct role in purchasing and managing food
within the household. An electronic questionnaire was presented to shoppers via a link
containing a QR code (See Supplementary Materials, Annex S1). Data collection began on
1 June 2025, and continued for up to 2 successive months. Respondents were given the
freedom to complete the questionnaire at any location, whether in the shopping mall, upon
returning home, or through a family member in their home. The total number of families
was determined to be 163,904, and the average number of family members in the study
area is four individuals, according to the General Authority for Statistics [38]. The sample
size was determined to be 383 according to Stephen Thompson'’s equation [39]. A total of
255 Participants completed the questionnaire, which represents a response rate of 66%.

Nxp(1-P)
IN=1x (a2 = 22)|+p-p)

N:
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where N is the community size, Z, the standard score corresponding to the significance
level of 0.95, is equal to 1.96, D, the error rate is equal to 0.05, and P, Property availability
and neutrality ratio = 0.50

2.3. Questionnaire as a Survey Tool

A comprehensive, structured questionnaire was developed to systematically evaluate
participants’” knowledge, attitudes, and behavioral practices concerning food waste man-
agement. The instrument was organized into four distinct sections, each designed to assess
specific dimensions of food waste awareness and behavior. The initial section assessed
participants” foundational knowledge of the food waste concept utilizing a three-point
ordinal scale, with response categories denoted as follows: 1 (Don’t know), 2 (Somewhat
know), and 3 (Know). This measurement approach provided a preliminary evaluation of
conceptual understanding across the respondent population. The three-point scales were
selected because they are easier for participants to understand and conceptually suitable
for measuring binary capability in knowledge or behavioral items. Statistical limitations
due to reduced variance were addressed by increasing the sample size (N = 255, exceeding
the minimum required N = 217 at = 0.05, power = 0.80) and employing nonparametric
tests (Kruskal-Wallis or Mann-Whitney) for ordinal data analysis. The subsequent sec-
tion examined participants’ knowledge of the multifaceted consequences of food waste,
encompassing ethical and religious dimensions, as well as economic, environmental, and
food security implications. Responses to this section were elicited using a five-point Likert
scale ranging from 1 (not completely known) to 5 (completely known). The operational
definitions of food waste and the constituent knowledge components were derived from
and aligned with established literature in the field [11,15,16,40]. The third section com-
prised a dual assessment of food-saving behaviors, distinguishing between knowledge and
actual practice. Knowledge of food-saving behaviors was measured on a three-point scale
(1 ="Don’t know,” 2 = “Somewhat know,” 3 = “Completely know”).

In contrast, the frequency of behavioral practice was evaluated using a parallel three-
point scale (1 = “Don’t practice,” 2 = “Sometimes practice,” 3 = “Always practice”). Item
development adhered to guidelines established by the Food and Drug Administration
(FDA) [41], while the design of practice-oriented items was informed by contemporary
empirical research on food conservation behaviors [42,43]. Notably, only respondents who
demonstrated at least partial knowledge of food-saving practices (response categories 2 or 3)
were subsequently queried regarding their behavioral engagement; respondents indicating
no knowledge were systematically excluded from this component of the survey. The
final section investigated participants’ management strategies for surplus food, presenting
four mutually exclusive behavioral responses: 4 (applying appropriate refrigeration or
freezing for subsequent consumption), 3 (donating to individuals in need), 2 (providing
to animals), and 1 (disposing of via trash). Complementary items assessed respondents’
satisfaction with their experiences utilizing food preservation organizations on a five-point
scale (1 = not at all satisfied to 5 = very satisfied). They evaluated their preferences for
information dissemination channels regarding food waste using an analogous five-point
Likert scale (1 = not strongly preferred to 5 = strongly preferred).

Regarding the rationale for selecting the 5-point Likert scale, it captures the intensity
and certainty of understanding regarding food waste impacts, as consequence awareness
operates on a continuum from unawareness to absolute certainty. The 3-point scales for
behavioral knowledge and practice measure binary capability, whether individuals possess
knowledge of or engage in specific conservation behaviors, reflecting the categorical,
implementation-oriented nature of these constructs. Our sample size (N = 255) exceeds the
minimum required by power analysis (N =217, a = 0.05, power = 0.80), ensuring adequate
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statistical power despite the more parsimonious 3-point scales. Pilot testing demonstrated
adequate variance in 3-point scales (SD = 0.32-0.43), confirming sufficient discriminative
ability. Sensitivity analysis confirmed that regression coefficients remained stable (r > 0.95)
across alternative scale treatments, validating the robustness of our findings regardless of
scale specification. This differential scaling approach optimizes measurement precision
while maintaining statistical validity and practical interpretability.

2.4. Data Analysis

A descriptive analysis, utilizing percentages, frequency distributions, arithmetic
means, and standard deviations (SD), was employed to achieve the research objectives. The
Statistical Package for the Social Sciences (SPSS) version 30 was used. Inferential statistical
analyses, including independent samples t-tests, one-way analysis of variance (ANOVA),
and multiple linear regression, were used to interpret the relationships between variables.
Pearson’s correlation coefficient was used to determine the strength and direction of the
relationship between the independent variable and the dependent variable. The Baron and
Kenny methodology was also followed to analyze the mediation between the components
of the paper’s conceptual framework [44]. The mediation model was selected to address
a critical gap in the food waste literature: understanding not only whether knowledge
influences behavior, but also how this influence occurs. By testing behavioral knowledge as
a mediator, this study identifies two pathways: a direct impact of consequence-awareness
on behavior (through motivation and responsibility), and an indirect influence through
practical skill development. This distinction has important implications for intervention
design. Bootstrapped confidence intervals were calculated for indirect effects to provide
robust estimates of the significance of the mediation pathway. Sobel tests were also con-
ducted to confirm the significance of mediated effects. All statistical analyses employed
two-tailed significance tests with an alpha level of 0.05.

2.5. Validity and Reliability

The questionnaire was evaluated to achieve the study’s objectives and then presented
to the scientific committees in the Department of Agricultural Extension and the College
of Food and Agricultural Sciences at King Saud University. A pilot test of the question-
naire was conducted with 40 participants in the study area prior to data collection, and
reliability was assessed using Cronbach’s alpha reliability coefficient, as shown in Table 1.
However, the full reliability and validity assessment of the measurement model, including
consequences, knowledge, behavioral knowledge, and behavioral practice, is provided in
Table S1.

Table 1. Reliability coefficients (Cronbach’s alpha) for the dimensions and axes of the study tool.

Cronbach’s Alpha

Dimensions/Axes Number of Phrases Reliability Coefficient

Knowledge of the economic

impacts of food waste > 0.824
Dimensions of the axis ~ Knowledge of the environmental
. 4 0.848
of food waste effects impacts of food waste
Knowledge of the impact of food 6 0.888

waste on food security and society
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Table 1. Cont.

Cronbach’s Alpha

Dimensions/Axes Number of Phrases Reliability Coefficient

The overall axis of knowledge on

the effects of food waste 16 0.930
Kn.owle.dge. axis on f(?od 12 0.826

rationalization behaviors

Axes - —

A?<1s of practicing foF)d 12 0.793

rationalization behaviors

Knowledge Transfer Axis to
Reduce Food Waste 10 0.861
3. Results

3.1. Socio-Economic Characteristics of the Respondents (Participants)

The demographic profile of the study group exhibited significant characteristics across
various dimensions. The gender distribution indicated that females comprised the majority,
at 62.7%, in contrast to males, who made up 37.3%. The participants’ ages were widespread,
with the biggest group being those between the ages of 35 and 49 (42.7%), followed by those
under 34 (32.2%), and those over 50 (25.1%). The participants had high levels of education,
with 69.8% having completed university studies and 6.7% having pursued postgraduate
studies (Master’s or PhD). Fifteen percent of the sample had completed secondary school,
while 5% had completed intermediate school, and 2% had completed elementary school.
Analysis of family composition revealed that most participants resided in medium-sized
homes. The largest group (45.5%) consisted of families with 5-7 persons. There were
32.5% of the sample families with 2—4 members, and 22.0% of the sample families with
8-10 members. The monthly family income exhibited considerable economic variability
within the sample. The distribution was pretty even across income groups: 15.3% earned <
5000 riyals, 25.1% earned between 5000 and 10,000 riyals, 18.8% earned between 10,000 and
15,000 riyals, and 18.8% earned 15,000 riyals or more. A significant 22.0% of participants
chose not to reveal their income information, suggesting a possible sensitivity towards
financial disclosure (Table 2).

Table 2. Distribution of study sample members according to their demographic characteristics.

Demographic Characteristics Number Percentage %
Gender Male 95 37.3
Female 160 62.7
Under 34 years old 82 32.2
Age 35-49 years old 109 42.7
50 years and older 64 25.1
Elementary 6 24
Intermediate 15 59
Educational level Secondary 39 15.3
University 178 69.8
Postgraduate studies (Master’s-PhD) 17 6.7
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Table 2. Cont.

Demographic Characteristics Number Percentage %
2-4 83 32.5
Number of family 57 116 455
members
8-10 56 22.0
<5000 riyals 39 15.3
From 5000 riyals to <10,000 riyals 64 251
monthly ﬁzgzlly income From 10,000 riyals to <15,000 riyals 48 18.8
riyals or more 15,000 48 18.8
Better not to disclose 56 22.0

1 Saudi Riyal = USD 0.2665 (approximately).

3.2. Knowledge of the Concept of Food Waste

The vast majority of participants demonstrated a deep awareness of food waste, with
86.3% correctly stating that it refers to food that is intended to be eaten but is not. Another
11.4% were somewhat aware of the concept, and only 2.4% stated they knew nothing about
food waste. The results show that the people in the research had a clear idea of what food
waste is. Most of the people who answered demonstrated responsible ways to dispose
of extra food. Most of them (64.7%) used the best storage methods, putting extra food in
the fridge or freezer for later use. In total, 20.4% of people gave items to people in need,
while 13.3% of people used them as animal feed. A tiny percentage (1.6%) threw away
extra food in the trash, which suggests that most people know how to handle food properly
and reduce waste. Approximately half of the participants (53.3%) remained in contact
with food preservation groups, and 47.8% reported using their services. People who used
these groups were generally satisfied with the services they received: 86.9% reported being
delighted with the services overall (62.3% stated they were entirely happy, and 24.6% said
they were glad to some extent). There was very little dissatisfaction, with only 1.6% of
people being unhappy and none reporting depression. On the other hand, 11.5% reported
being somewhat satisfied. This indicates that most people had positive experiences with
the Food Preservation Society’s services, as shown in Table 3.

Table 3. Frequency distributions and percentages of knowledge, behavior, and coping with food
preservation societies.

Awareness and Management of Surplus Food and Dealing with Food Percentage
. . . Number o
Preservation Associations Yo
I don’t know 6 2.4
Food waste is defllned as food intended for I don’t know to some extent 29 14
consumption but not used.
I know 22 86.3
Store it properly in the refrigerator

. 165 64.7

or freezer for later consumption.
What do you do if there is a surplus I donate it to the needy 52 20.4

of food? . .

I offer it as animal food 34 13.3
We put it in the waste container 4 1.6
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Table 3. Cont.

Awareness and Management of Surplus Food and Dealing with Food Percentage
. . . Number o
Preservation Associations %o

Do you have contact information for food Yes 136 53.3

preservation associations? No 119 46.7

Have you ever dealt with the services of Yes 122 47.8

food preservation societies? No 133 500

Not completely satisfied 0 0.0

Not satisfied 2 1.6

HOW satisfied are you Wlth. the services Satisfied to some extent 14 11.5
provided by food preservation societies?

Satisfied 30 24.6

Completely satisfied 76 62.3

3.3. Level of Knowledge of the Effects of Food Waste

In Table 4, participants understood the impact of food waste on various aspects,
including religious, economic, environmental, and food security. Table 4 demonstrates
knowledge levels by effect, with mean scores from 4.73 to 3.15. The Islamic religious
principle against wastefulness received the highest mean score (4.73), indicating it was
the most significant influence. The participants’ notion of resource responsibility matches
Islamic values. In economics, the awareness that wasted food leads to decreased income
rated second (M = 4.29), while the comprehension that wasted food costs manufacturing,
transportation, and storage ranked third (M = 4.16). That throwing away food makes
things more expensive was fifth (M = 3.87), and that Kingdom people waste a lot of
food was sixth (M = 3.77). Food waste was recognized as a significant issue, with a
mean of 3.61. Participants knew that food waste reduces food availability (M = 4.13,
rank 1) and raises food prices (M = 4.00, rank 2). Throwing away healthy food makes
it harder to find it in third place (M = 3.81), and it wastes natural resources in fourth
place (M = 3.72). Environmental comprehension was moderate to good. People initially
learned that food waste wastes production resources (M = 3.82). Food waste contributes to
ecological contamination through excessive resource use, a phenomenon that individuals
are aware of (M = 3.64). Third place went to awareness of pesticide and fertilizer loss
environmental issues (M = 3.52). Knowledge that the National Program aims to halve
food waste by 2030 ranked fourth (M = 3.40). The least known information was that food
waste contributes to increased greenhouse gas emissions (M = 3.15), scoring lowest in all
categories. The consequences of food waste on all areas were moderately well-known, as
the average knowledge score was 3.80.
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Table 4. Knowledge of the Effects of Food Waste across Religious, Economic, Environmental, and
Food Security Dimensions. A: I don’t know exactly, B: don’t know, C: I know to some extent, D: I
know, F: I know exactly.

Statement A B C D F Mean SD  Rank
Dimension Religious
Extravagance is prohibited in the teachings of Islam 08 20 39 102 831 473  0.70 1
Dimension Economic

Lost spending on wasted food leads to reduced income. 1.6 47 11.0 282 545 429 095 2
Wasted food represents a los§ in the cost of inputs, 20 59 149 282 490 416 101 3
production, transportation, and storage.
Wasted food represents a .loss of financial investment in 20 43 180 294 463 414 099 4
agriculture

Food waste leads to higher food prices. 31 133 184 239 412 387 118 5

The amount of food waste per person in the Kingdom is 24 125 263 231 357 377 113 6
considerable.

The cost of food waste in the Kingdom is a critical
priority risk.

31 173 243 263 29.0 3.61 1.17 7

Dimension Food Security

Food waste leads to reduced food availability. 12 78 149 290 471 413 1.01 1
Food waste contributes to higher food prices, which in 20 102 149 314 416 400 107 5
turn affects access to food.
Wasting nutritious food reduces the availability of
healthy food.
Food waste leads to unsustainable use of natural
resources.

35 122 184 31.8 341 3.81 1.14 3

35 141 204 310 31.0 3.72 1.15 4

Dimension Environmental

Food waste wastes the natural resources used in
production.
A source of environmental pollution due to the excessive
use of landfills.
Food waste leads to environmental risks from lost
materials (pesticides, fertilizers).
The National Program ag;sz’z)% Seduce food waste by half 82 180 243 239 255 340 127 4
Food waste leads to the emission of greenhouse gases.  10.6 294 18.0 180 239 315 1.36 5

General Average 3.80 0.82

27 137 184 294 357 3.82 1.14 1

6.7 137 208 267 322 3.64 1.25 2

51 192 224 255 278 3.52 1.23 3

3.4. Knowing the Behaviors of Rationalizing Food Consumption

Data in Table 5 illustrated that participants demonstrated significant comprehension
of food conservation methods and initiatives aimed at reducing food waste. The average
scores for these behaviors, ranging from 2.85 to 2.51, are presented in Table 5. The average
score was 2.67. The fundamental aspect of water conservation is the efficient utilization of
this resource to reduce waste. The mean score was 2.85, indicating a considerable awareness
of this behavior among individuals. The second most critical factor was ensuring that
food was devoid of stains, decay, stickiness, and discoloration (M = 2.82). The third
most critical aspect was ensuring that canned items were not bulging, rusted, cracked, or
leaking (M = 2.79). Consuming items with the shortest shelf life ranked fourth (M = 2.74),
while refraining from providing excess food at meals ranked fifth (M = 2.73). Monitoring
expiration dates during purchasing ranked sixth (M = 2.69), indicating a moderate level of
comprehension. Documenting a list of dietary requirements prior to shopping ranked ninth
(M =2.63). Refraining from allowing prepared food to remain at room temperature for over
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two hours ranked as the eighth most significant factor (M = 2.62), while avoiding grocery
shopping while hungry was the ninth most considerable factor (M = 2.60). Refraining from
purchasing unnecessary food items due to sales ranked tenth (M = 2.54), while adhering to
the food requirements list during shopping ranked eleventh (M = 2.52). The evaluation
of storage instructions on products yielded the lowest mean score (M = 2.51), indicating
that respondents deemed this task the least significant in relation to their comprehension
of conservation techniques. The mean knowledge score of 2.67 suggests that individuals
demonstrated a moderate to high level of awareness regarding the food conservation
activities examined.

Table 5. Knowledge of Food Conservation Behaviors and Preventive Measures. A: I don’t know
exactly, B: don’t know, C: I know to some extent.

Behavior A B C Mean SD Rank
Consume water wisely to avoid Waste 04 141 855 2.85 0.37 1
Ensure food is free of stains, rot, stickiness, and discoloration 2.0 145 83.5 2.82 0.44 2
Ensure canned foods are not bulging, rusty, cracked, or leaking 2.0 173 80.8 2.79 0.46 3
Start consuming foods with the shortest shelf life first 39 184 777 2.74 0.52 4
Do not serve more food than necessary at meals 27 212 761 2.73 0.50 5
Check the expiration date while shopping 51 204 745 2.69 0.56 6
Write down a list of food needs before shopping 47 275 678 2.63 0.57 7
Do not leave cooked food at room temperature > 2 h 75 231 694 2.62 0.62 8
Avoid shopping when you feel hungry 63 271 66.7 2.60 0.61 9
Avoid sales that lead to buying unneeded food 55 353 592 2.54 0.60 10
Adbhere to the food requirements list while shopping 59 361 580 2.52 0.61 11
Read the storage instructions written on the products 75 341 584 2,51 0.63 12

General Average 2.67 0.32

3.5. Practice and Implementation of Food Conservation Behaviors

Participants conserved food moderately to highly in their daily activities. Table 6
ranks these activities by mean score, which varied from 2.77 to 2.23 with an average of
2.47 (SD = 0.43). The majority of practices were constant. Buying food without stains,
rot, stickiness, or discoloration was of high importance. Its mean score of 2.77 indicates
quality-consciousness. The second most essential thing was checking canned goods for
bulging, rust, damage, or leaking (M = 2.76). Drinking water sensibly to avoid waste
was the third most important (M = 2.75). Fourth place (M = 2.71) was achieved by eating
the shortest-lasting items first. Shoppers checked expiration dates fifth (M = 2.67). The
sixth most important thing was not leaving prepared food at room temperature for more
than two hours (M = 2.63). Not overserving meals took seventh place (M = 2.58) with
mediocre implementation. Making a food list before shopping was tenth (M = 2.55), and
sticking to it while shopping was ninth (M = 2.51). Reading product storage instructions
was rated eighth (M = 2.50), with the least utilization. Avoiding sales that led to buying
undesirable food was rated tenth (M = 2.31), with 10.4% and 48.5% unsure due to limited
practice. Avoiding shopping when hungry yielded the lowest mean score (M = 2.23),
indicating the poorest execution, with 13.4% of participants being uninformed and 50.2%
being confused. The knowledge score of 2.67 was substantially higher than the practice
score of 2.47. Participants were more aware of food conservation practices in theory than in
practice, suggesting a gap between knowledge and actual behavior (Table 6).
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Table 6. Practice and Implementation of Food Conservation Behaviors. A: I don’t know exactly, B:
don’t know, C: I know to some extent.

Behavior A% B% C% Mean SD

Ensure food is free of stains, rot, stickiness, and discoloration. 3.6 15.6 80.8 2.77 0.50
Ensure canned foods are not bulging, rusty, cracked, or leaking. 4.0 16.0  80.0 2.76 0.51
Consume water wisely to avoid Waste. 1.6 22.0 76.4 2.75 0.47

Start consuming foods with the shortest shelf life first. 5.7 176 767 2.71 0.57
Check the expiration date while shopping. 2.9 269 702 2.67 0.53

Do not leave cooked food at room temperature for more than2h. 4.2 28.8  67.0 2.63 0.57
Do not serve more food than necessary at meals. 3.6 34.3 62.1 2.58 0.56

Write down a list of food needs before shopping. 3.3 38.7  58.0 2.55 0.56
Adhere to the food requirements list while shopping. 29 433 5338 2.51 0.56
Read the storage instructions written on the products. 55 39.0 555 2.50 0.60
Avoid sales that lead to buying unneeded food. 104 485 41.1 2.31 0.65

Avoid shopping when you feel hungry. 134 502 364 2.23 0.67

General Average 2.47 043

3.6. Respondents” Preference for Means of Knowledge Transfer on the Subject of Food Waste

Respondents had several options for learning about reducing food waste and con-
serving resources. Table 7 ranks ten communication platforms by mean preference scores
from 3.70 to 2.22. All techniques were “Average” preferred. The most popular method
to communicate knowledge was WhatsApp, with a mean score of 3.70. A 38.4% con-
sidered it highly recommended, and 23.5% agreed. Snapchat ranked second (M = 3.53),
with 32.2% highly recommending it and 27.8% favoring it. The X platform placed fourth
(M =3.35), while mobile text messaging placed third (M = 3.38). Lectures ranked sixth
(M =3.32), indicating that traditional teaching methods were still popular. TikTok placed
sixth (M = 3.29), suggesting that people are becoming increasingly interested in short-form
video, despite 22% not liking it. Instagram was ninth (M = 3.01), and YouTube was seventh
(M = 3.26). The Zoom app. ranked tenth (M = 2.49), with 31.8% intensely hating it and
10.2% recommending it remarkably. This indicates that synchronous virtual meetings are
less popular. Facebook scored lowest (M = 2.22). Only 10.2% strongly approved it, while
44.3% strongly disliked it. This suggests that people are reluctant to share knowledge on
this platform. WhatsApp, Snapchat, and mobile text messages were the most popular
platforms for food waste education. Facebook and Zoom were the least popular.

Table 7. Level of preference for knowledge transfer methods.

U Sftronglzl Unfavorable Neutral Favorable Highly l;efi- Preference
Means ntavorable ommende Mean SD Rank
Level
No. (%)

Whatsap 25 (9.8) 27(10.6)  45(17.7) 60 (23.5) 98 (38.4) 370 134 1 Average

Snapchat 41 (16.1) 17 (6.7) 44 (17.3) 71 (27.8) 82 (32.2) 3.53 1.41 2 Average
Mobile text 29 (11.4) 39 (153)  52(204) 76 (29.8) 59 (23.1) 338 130 3 Average

messages
X platformx 26 (10.2) 42(165)  62(24.3)  67(26.3) 58 (22.8) 335 128 4 Average
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Table 7. Cont.

Strongly Unfavorable Neutral Favorable Highly Rec-
Unfavorable ommended Preference
Means Mean SD Rank Level

No. (%)

Lectures 40 (15.7) 26(102)  55(21.6) 80 (31.4) 54 (21.2) 332 134 5 Average

TikTok 56 (22.0) 21(82)  44(17.3)  62(24.3) 72 (28.2) 3.29 1.50 6 Average

YouTube 34 (13.3) 37(145)  66(259)  65(25.5) 53 (20.8) 326 131 7 Average

Instagram 58 (22.8) 34 (13.3) 59 (23.1) 56 (22.0) 48 (18.8) 3.01 1.42 8 Average

Zoom

application 81 (31.8) 56 (22.0) 56 (22.0) 36 (14.1) 26 (10.2) 2.49 1.34 9 Average

Facebook 113 (44.3) 54(21.2)  34(133)  28(11.0) 26 (10.2) 222 138 10 Average

3.7. Examining the Correlation Between Awareness of Food Waste Consequences and
Rationalization of Food Consumption: A Mediation Analysis

A mediation model was employed to investigate the interrelations among three prin-
cipal variables: awareness of the consequences of food waste (theoretical knowledge),
understanding of food conservation practices (behavioral knowledge), and the implemen-
tation of food rationalization activities. This investigation aimed to determine whether
behavioral knowledge acts as a mediator in the relationship between theoretical knowledge
and actual behavioral practices, using the Baron and Kenny technique. Initial analysis indi-
cated statistically substantial relationships among all three variables. A considerable link
existed between knowing how to conserve food and actually doing so (r = 0.86, p < 0.001).
This means that being aware of the right actions is closely linked to doing them. Under-
standing the repercussions of food waste was positively correlated with actual activity
(r=0.42, p < 0.001), indicating a direct link between awareness of the consequences of
food waste and subsequent action. Moreover, awareness of the repercussions of food
waste showed a strong correlation with awareness of food conservation practices (r = 0.36,
p < 0.001), thereby affirming that theoretical comprehension enhances the development of
behavioral knowledge (Table 8).

Table 8. Correlation Coefficients Between Knowledge of Food Waste, Knowledge of Food Conserva-
tion Behaviors, and Actual Practice of Food Rationalization Behaviors.

Level of Practice of Food Rationalization Behaviors

Variables
Relation Significance

Knowledge of food conservation behaviors 0.86 0.001
Knowledge of the effects of food waste 0.42 0.001

Knowledge of food conservation behaviors

Knowledge of the effects of food waste 0.36 0.001
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Step 1: The Immediate Impact of Food Waste Awareness on Behavioral Practice

Regression analysis investigated the direct influence of awareness on the effects of
food waste on food rationalization habits (Table 9). Awareness of food waste impacts has
shown a favorable and statistically significant impact on behavioral practice (B = 0.221,
B =0.421, p < 0.001), signifying a robust link. This model elucidated 17.7% of the variance
in food conservation practices (R2 =0.177, F(1, 253) = 54.59, p < 0.001), demonstrating that
theoretical knowledge alone yields significant predictive value for behavioral results.

Table 9. Regression results for predicting behavioral practices through knowledge of the effects of

food waste.
Independent Variable B SE B t-Value p-Value
(The constant) 1.628 0.116 - 14.001 <0.001
Knowledge of the effects of food waste 0.221 0.03 0.421 7.389 <0.001

Step 2: The effect of knowing about food waste on knowing how to behave

The correlation between awareness of food waste consequences and understanding of
food conservation practices was further analyzed (Table 10). Theoretical knowledge was a
strong predictor of behavioral knowledge (B = 0.139, 3 = 0.357, p < 0.001), and knowledge
of the impacts of food waste explained 12.7% of the variance in behavioral knowledge
(R? = 0.127). This phase confirmed that moving from knowing what happens to food waste
to having practical behavioral information made sense.

Table 10. Regression results for predicting behavioral knowledge through knowledge of the effects of

food waste.
Independent Variable B SE B t-Value p-Value
(The constant) 2.141 0.089 24.028 <0.001
Knowledge of the effects of food waste 0.139 0.023 0.357 6.078 <0.001

Step 3: Complete Mediation Model Incorporating Behavioral Knowledge

The full mediation model was evaluated by concurrently inputting both the inde-
pendent variable (awareness of food waste consequences) and the mediating variable
(awareness of food conservation methods) to predict actual behaviors (Table 11). The
standardized effect of understanding the impacts of food waste decreased from 3 = 0.421
to = 0.132; however, it remained statistically significant (p < 0.001), indicating partial
mediation. Behavioral knowledge had a significantly greater impact on practice (B = 1.088,
B =0.809, p < 0.001), substantially exceeding the direct influence of theoretical information.
The complete model accounted for 74.9% of the variance in food rationalization behaviors
(R? = 0.749), indicating a markedly enhanced predictive capability relative to the simple
model, hence illustrating the approach’s considerable efficacy.

Table 11. Regression results for predicting the practice of behaviors through knowledge of effects
and knowledge of behaviors.

Independent Variable B SE B t-Value p-Value
(The constant) —-0.70 0.117 —6.001 <0.001
Knowledge of the effects of food waste 0.069 0.018 0.132 3.919 <0.001
Knowledge of food conservation behaviors 1.088 0.045 0.809 23.93 <0.001
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These findings validate partial mediation, indicating that awareness of food waste
impacts behavior both directly and indirectly, through shaping behavioral knowledge.
The significant drop in the direct effect coefficient, while still statistically substantial, in-
dicates that behavioral knowledge is a crucial link between theoretical understanding
and practical behavior. These findings highlight the need for formulating comprehensive
awareness campaigns that integrate theoretical insights into the ramifications of food waste
with practical behavioral directives, thereby enhancing the effectiveness of translating
awareness into sustainable food conservation practices. The direct effect of knowledge
on conservation practice (R? = 0.177) accounts for 17.7% of the variance, which may ap-
pear modest. However, this is consistent with social psychological research on behavioral
prediction [cite: relevant studies]. When behavioral knowledge is included as a medi-
ator, the model explains 74.9% of the variance in conservation practice (combined R?),
demonstrating substantial improvement. This suggests that the indirect pathway through
behavioral knowledge accounts for a considerable amount of behavioral variance. Addi-
tionally, conservation behavior in real-world household contexts is influenced by numerous
factors beyond knowledge (financial constraints, household structure, storage availability,
time availability, habit persistence), indicating that explaining 74.9% of variance through
knowledge-based mechanisms is substantial. The direct pathway captures intrinsic moti-
vation effects (understanding consequences directly activates norms), while the indirect
pathway captures capability effects (motivation drives knowledge-seeking, enabling be-
havior). Both mechanisms make a meaningful contribution to understanding behavior.

Knowledge of food conservation behaviors served as a critical mechanism for translat-
ing consequence awareness into food-saving practices, with the model explaining 74.9%
of the variance in behavioral outcomes (R? = 0.749), as shown in Figure 2. Knowledge
of the effects of food waste demonstrated a substantial total effect on practice ( = 0.421,
p <0.001), decomposing into direct ( = 0.132, p < 0.001) and indirect pathways through
conservation knowledge (3 = 0.357, p < 0.001). The strongest relationship was between
conservation knowledge and the implementation of practice ( = 0.809, p < 0.001), with
the indirect effect accounting for 68.6% of the total influence. These results support partial
mediation, wherein behavioral knowledge, understanding concrete, actionable strategies
for food waste reduction, represents the proximal determinant of food-saving practice.
The findings align with Social Cognitive Theory’s emphasis on behavioral capability as an
essential mediator that translates motivational awareness into action, while supporting
Norm Activation Theory by demonstrating that consequence awareness activates moti-
vation for behavioral knowledge acquisition. Intervention implications are significant:
awareness campaigns establishing the consequences of food waste are necessary but in-
sufficient; sustained behavior change requires complementary investment in behavioral
knowledge development through practical instruction in meal planning, food storage, and
waste reduction. The high explanatory power of the knowledge-based model positions
behavioral knowledge acquisition as a high-leverage intervention target for promoting
household food waste reduction aligned with Saudi Vision 2030 objectives.
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Knowledge of B = 0.357, P<0.001 Knowledge of
the Effects of Food Conservation
Food Waste a Behaviors

Indirect effect
(a X b) =0.289 b B =0.809,
95% Cl: 0.241-0.337
B =0.421, Mediation: 68.6%
P<0.001
B =0.132, P<0.001 Practicing
———— i —— Food-Saving
Total effect ¢’ Behaviors

—> Direct pathway
R2 = 0.749 <> Dashed = Direct effect (adjusted)
B = Standardized coefficient P<0.001

Figure 2. Knowledge of food conservation behaviors mediates the relationship between awareness
of the consequences of food waste and food-saving practices. Path a represents the effect of con-
sequence awareness on conservation knowledge (3 = 0.357, p < 0.001); path b represents the effect
of conservation knowledge on food-saving behavior (3 = 0.809, p < 0.001); path ¢’ represents the
direct effect adjusted for mediation (3 = 0.132, p < 0.001). The indirect effect (a x b = 0.289, 95%
CI: 0.241-0.337) represents 68.6% of the total effect (0.421), indicating strong mediation. The model
explains 74.9% of the variance in practicing food-saving behaviors (RZ = 0.749). All pathways are
statistically significant at p < 0.001.

4. Discussion
4.1. General Discussion

This study shows that household food waste reduction is driven by a tripartite knowl-
edge pathway linking awareness of consequences, behavioral knowledge of conservation
practices, and their enactment in daily life. A dual-component intervention that combines
consequence awareness (moral motivation) with behavioral knowledge (practical capabil-
ity) explains 74.9% of practice variance, versus 17.7% for consequence awareness alone,
confirming the central mediating role of behavioral knowledge. Effective programs must
integrate “why” and “how” elements by clarifying environmental (e.g., climate change),
economic, and food security impacts, while strengthening key behaviors such as reading
storage instructions, sticking to shopping lists, avoiding shopping when hungry, and resist-
ing unnecessary promotions. Allocating approximately 40% of communication resources
to consequence-focused messaging and 60% to practical training provides concrete guid-
ance for actors working toward Saudi Vision 2030’s goal of halving food waste, especially
when framed through Islamic stewardship and economic responsibility, and targeted at
behaviors such as impulse buying and poor label use. Preferences for WhatsApp, Snapchat,
and SMS among female household decision-makers highlight promising channels for
integrated outreach that blends consequence messaging with structured skills training,
supported by partnerships with food preservation and food security associations. At the
same time, future work should test optimal message ratios and identify barriers that hinder
the translation of knowledge into sustained conservation behavior.

4.2. Theoretical Contributions and Framework Alignment

This study advances the KAP model through methodological innovation, distinguish-
ing between consequence knowledge (theoretical understanding of impacts) and behavioral
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knowledge (practical understanding of implementation), with behavioral knowledge func-
tioning as a mediator [32]. This refinement addresses a critical gap in the environmental
behavior literature, where traditional KAP models assume a linear progression [25-27].
Our findings demonstrate that knowledge operates through dual pathways, aligning with
both Norm Activation Theory (NAT) and Social Cognitive Theory (SCT) [35,45,46].

The mediation model’s empirical findings offer theoretical clarity lacking in prior KAP
research. The direct pathway (f = 0.132, p < 0.001) reflects NAT’s mechanism whereby
consequence awareness activates personal moral responsibility, maintaining independent
effects on behavior [47]. The indirect pathway (accounting for 68.6% of total influence)
reflects SCT’s emphasis on behavioral capability as a prerequisite for translating motivation
into action [48,49]. This dual-mechanism model explains why awareness campaigns alone
produce modest behavior change (17.7% variance explained) while integrated consequence-
plus-capability interventions achieve substantial improvement (74.9% variance explained),
resulting in a 4.2-fold effectiveness gain [22,35]. The partial mediation pattern (not complete
mediation) confirms that consequence knowledge maintains direct effects while facilitat-
ing knowledge-seeking, demonstrating theoretically distinct motivational and capability
pathways [44,50].

4.3. Contextualized Findings: Cultural and Regional Significance

The finding that religious-ethical consequence awareness dominates (M = 4.73, with
83.1% reporting “completely know” Islamic prohibitions) compared to environmental
awareness (M = 3.15, in the lowest category) reflects Saudi Arabia’s unique cultural context,
where Islamic stewardship principles provide powerful motivational frames [51,52]. This
pattern contradicts Western literature, which emphasizes environmental appeals, and vali-
dates the theoretical argument that knowledge effectiveness is culturally contingent [23,53].
Environmental knowledge deficiency (greenhouse gas emissions M = 3.15) identifies a
specific intervention target: connecting abstract climate impacts to concrete regional con-
cerns (water scarcity, Islamic stewardship principles) rather than relying on global climate
messaging [9,54].

The 98.4% surplus food conservation rate (storage, donation, or animal feed) versus
1.6% disposal reflects conscious, deliberate food management behavior driven by cogni-
tive factors rather than habitual patterns [19,20]. This finding empirically supports the
behavioral nature hypothesis that food waste in Saudi Arabia is amenable to behavioral
intervention through knowledge enhancement [24,32].

The knowledge-practice gap (knowledge M = 2.67 vs. practice M = 2.47; a
7.5-percentage-point difference) reveals implementation barriers that operate indepen-
dently of awareness [26,31]. Low scores for impulse-control behaviors (avoiding hungry
shopping, M = 2.23, and avoiding sales-driven purchases, M = 2.31) and list adherence
(M = 2.52) suggest that competing immediate priorities and habit persistence override
awareness [27,55]. This pattern suggests that interventions must address implementation
barriers through environmental design, habit formation support, and concrete feedback
mechanisms, rather than merely transferring knowledge [56,57].

4.4. Mediation Model: Mechanism and Intervention Implications

The mediation analysis reveals that behavioral knowledge serves as the proximal
determinant of food-saving practice, with substantially greater effect (3 = 0.809) than theo-
retical knowledge alone [48]. This finding operationalizes SCT’s argument that knowing
“how to reduce waste” (behavioral knowledge) is more influential than knowing “why to
reduce waste” (consequence knowledge) [35,49]. However, the presence of direct effects
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(B =0.132) indicates that motivated individuals implement practices even with imperfect
practical knowledge, driven by intrinsic moral responsibility [25,47].

The empirical pathway decomposition provides actionable resource allocation: conse-
quence messaging should represent approximately 40% of intervention resources (direct
effect pathway with 31.4% of total influence). In comparison, behavioral training should ac-
count for 60% (an indirect effect pathway with a 68.6% total influence). This evidence-based
allocation differs substantially from typical awareness-focused campaigns that emphasize
consequences without equivalent investment in practical skill-building [22,58].

4.5. Implications for Intervention Design and Policy

Integration of Dual-Component Messaging: Effective interventions require simultane-
ous emphasis on consequence awareness (“Why: Food waste depletes resources, violates
Islamic principles, threatens food security”) and behavioral capability (“How: List-making
before shopping, checking expiration dates, proper storage methods”) [26,28,31]. Current
separation of these components in awareness campaigns explains their limited effective-
ness [23]. Integrated messaging campaigns should present consequences and practical
solutions as complementary elements within single communications [59,60].

Channel Selection and Digital Strategy: WhatsApp (M = 3.70) and Snapchat (M = 3.53)
emerge as high-efficacy channels, reflecting Saudi demographic preferences for direct,
rapid messaging over passive platforms [61,62]. Facebook (M = 2.22) and Zoom (M = 2.49)
demonstrate limited utility, suggesting that synchronous/passive platforms conflict with
knowledge-acquisition preferences [63]. Given that 62.7% of household food managers
are female, WhatsApp-based interventions targeting female household decision-makers
represent an optimal allocation of resources [64,65].

Food Preservation Association Expansion: Current usage (47.8%) coupled with ex-
ceptionally high satisfaction (86.9% completely satisfied) indicates proven institutional
effectiveness with substantial expansion potential [30,32]. Organizations should: (1) shift
from in-person services to WhatsApp-based behavioral training modules, increasing acces-
sibility and reach [61,66]; (2) develop modular training addressing low-performance do-
mains (list-making, label-reading, impulse shopping avoidance) [29,67]; (3) establish retail
partnerships positioning behavioral support at critical decision points (grocery store infor-
mation kiosks) [68]; and (4) target female household managers through gender-sensitive
program design acknowledging competing time demands [64].

Environmental Knowledge Enhancement: The systematic deficiency in environmental
awareness, particularly regarding greenhouse gas emissions (M = 3.15), represents both a
limitation and an opportunity for intervention [9,28]. Rather than relying on abstract global
climate messaging, effective campaigns should localize environmental impacts through
water scarcity frames that align with Saudi regional concerns and Islamic stewardship
principles, connecting food waste to resource depletion that contradicts Islamic teachings
on stewardship [52,54,69]. Targeted Behavior Modification: Specific behaviors demon-
strate intervention resistance: avoiding hungry shopping (M = 2.23 practice score, 13.4%
uninformed) and avoiding impulse purchases (M = 2.31). These low scores suggest that
point-of-purchase psychological interventions (e.g., smartphone shopping list notifica-
tions, contactless payment reminders) may prove more effective than knowledge transfer
alone [55,67,68].

Future research priorities include: (1) longitudinal studies tracking behavior change
persistence following dual-component interventions using objective waste audits rather
than self-report; (2) randomized controlled trials manipulating consequence-versus-
behavioral messaging ratios to establish optimal allocation; (3) qualitative research ex-
ploring knowledge-practice gap barriers (time constraints vs. competing priorities vs.
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Abstract

Household food waste remains a significant barrier to sustainable consumption goals.
This study investigates the impact of sociodemographic characteristics influence self-
reported food waste levels in Poland. A cross-sectional CAWI survey (N = 1000), based
on the HFSSM, was conducted among adults responsible for purchasing household food.
Associations between food waste and structural factors were analysed using X2 tests,
Spearman rank correlations, and Mann-Whitney U tests. Age appears as the strongest
determinant: younger respondents consistently report higher food waste, while older
adults indicate markedly lower levels. Household composition is equally important—the
presence and number of children significantly increase waste. Economic status is also
relevant: pensioners and disability-benefit recipients report substantially less waste than
employed and self-employed individuals. Net household income shows no significant
effect. Education does not necessarily reduce food waste; in some comparisons, higher-
educated respondents report slightly higher levels, suggesting that formal education does
not automatically translate into effective food management routines. The findings highlight
that food waste is primarily influenced by life stage, household structure, and daily habits
rather than income or education. Interventions should focus on younger adults and families
with children, emphasising practical skills such as meal planning, inventory management,
appropriate storage, and the use of leftovers.

Keywords: household food waste; sociodemographic determinants; sustainable consumption;
SDG 12.3; HFSSM survey

1. Introduction

Food waste remains one of the most pressing challenges for sustainable food systems,
as it depletes limited resources (land, water, and energy), causes avoidable greenhouse
gas emissions and biodiversity loss, and increases the social and economic burdens on
households. SDG 12.3 aims for countries to halve per-capita food waste at the retail and
consumer levels by 2030. According to the latest Food Waste Index 2024, around 1.05 billion
tonnes of food were wasted in 2022 (roughly 19% of food available at the consumption
stage), with households responsible for about 60% of this total [1,2].
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Research in behavioural economics and sustainability science shows that the amount
of food waste is not simply related to prices or income. Instead, it is shaped by bounded ra-
tionality [3], loss—gain asymmetry [4], and the attitudinal, normative, and control-related el-
ements of the Theory of Planned Behaviour [5]. On a practical level, the main factors include
habits around meal and shopping planning, stock management, proper storage, the use of
leftovers, individual skills, perceived behavioural control, and social norms—both descrip-
tive and injunctive. Numerous survey-based studies from various countries consistently
demonstrate that practices such as planning purchases, monitoring household inventories,
and ensuring adequate storage are strongly linked to lower levels of food waste [6-8].

While behavioural theories are commonly used to explain pro-environmental be-
haviours, including household food waste, this study does not aim to test specific be-
havioural models. Instead, concepts such as everyday routines, life stage, and social
norms are used as interpretative lenses to contextualise sociodemographic patterns without
overstating causal or theoretical claims.

This research contributes to the sustainable consumption and production (SCP) agenda
by systematically distinguishing between (a) structural determinants—objective household
characteristics and their context (e.g., household size and composition, age, education,
income, place of residence) [9].

We pose the following research question: Which sociodemographic and household-
structure characteristics meaningfully differentiate self-reported household food waste in Poland,
and which commonly assumed determinants—such as income and education—do not?

The specific objectives are to: (1) determine the extent to which household charac-
teristics (age, structure, income sources, economic status) differentiate declared levels of
food waste; (2) assess which structural and economic factors show stable associations with
food-waste intensity; (3) verify hypotheses concerning the relationships between age, edu-
cation, economic status and household composition and the level of food waste; (4) provide
an empirical basis for designing precisely targeted consumer-level interventions aimed at
reducing food waste.

The survey instrument was based on the U.S. Household Food Security Survey Mod-
ule (HFSSM), expanded to include a socio-economic questionnaire and a self-assessment
module on food waste, thereby enhancing the comparability and replicability of the mea-
surement. The level of food waste was assessed subjectively, and the analysis employed
the x? test of independence with Yates’ correction, Yule’s ¢ coefficient, Spearman’s rank
correlation coefficient, and the Mann-Whitney U test.

At the same time, we recognise the inherent limitations of self-reported measures:
survey responses are vulnerable to recall bias and social desirability effects. For this rea-
son, we depend on validated instruments and established measurement guidelines. The
HFWQ (Household Food Waste Questionnaire) allows for comparability across house-
holds and reduces some measurement error; however, the literature shows systematic
differences between methods (diaries, direct weighing, waste-composition analysis), with
diary- and survey-based approaches usually underestimating waste compared to weighing
and WCA [3-5].

This study contributes to science in three areas:

(1) Precise verification of sociodemographic determinants—while the literature increas-
ingly stresses that habits and competencies drive food-waste behaviours, the findings
demonstrate that certain structural characteristics—especially age and household
composition—remain statistically robust predictors even under conservative non-
parametric tests.

(2) Reassessment of the role of education—the study challenges a widely held assumption
that higher education reduces food waste. The results show no protective effect of
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educational attainment; in some comparisons, more highly educated respondents
report slightly higher waste levels. This shifts the emphasis from formal education to
practical skills and everyday routines.

(3) Clear evidence for targeted interventions—the analysis identifies high-risk groups—young
adults, working households and families with children. These findings provide a
strong empirical basis for designing tailored, non-generic interventions within policies
aimed at limiting household food waste in line with SDG 12.3.

The novelty of this study lies not in proposing new behavioural mechanisms, but in
embedding robust sociodemographic evidence on household food waste within the specific
institutional and policy context of Poland—still weakly represented in Central and Eastern
European research—using a large, nationally and quota-based sample of 1000 adults that
enables systematic comparison with findings from countries such as the Czech Republic,
Romania, and Lithuania.

By situating sociodemographic determinants of household food waste within the
Polish institutional context, the study also provides policy-relevant insights that may
support the design and targeting of food-waste reduction measures, particularly those
addressing households at specific life stages.

2. Literature Review
2.1. Scale and Consequences of the Phenomenon

The literature consistently emphasises the significant role played by consumers in the
overall flow of wasted food, along with its economic, environmental, and social impacts.
Aschemann-Witzel et al. [6] highlight various demand-side drivers and suggest potential
strategies for reducing household food waste. In contrast, the review by Dou and Toth [7]
emphasises the considerable variability of measurement indicators and the methodological
difficulties that hinder cross-study comparisons.

The Sustainable Development Goals reaffirm the need to halve food waste by 2030 [10].
According to the latest Food Waste Index, around 19% of food available at the consumer
level (retail, food service, households) was discarded in 2022, amounting to roughly 79 kg
per person annually [1]. Simultaneously, approximately 733 million people suffered from
hunger in 2023, vividly highlighting the social cost of coexisting with undernutrition and
high levels of waste [11]. From a climate perspective, food loss and waste are estimated to
contribute about 8-10% of global anthropogenic greenhouse gas emissions [8].

In 2022, around 59 million tonnes of food were wasted in the European Union, averag-
ing 132 kg per person. Approximately 54% of this originated from households, with a per
capita amount of roughly 72 kg. The remaining proportions were processing (19%), food
services (11%), retail (8%), and primary production (8%) [12]. These figures underscore that
interventions at the consumer level—within households and the food service sector—are
crucial for reducing emissions, alleviating resource pressures, and lowering public costs.
The extent of the issue and the speed of change differ across countries.

In France, 9.4 million tonnes of food waste were generated in 2022, of which 4 million
tonnes were edible fractions, equating to 58 kg per person annually. Between 2016 and
2020, a decrease of approximately 10% was observed [13]. In Germany, food waste in 2022
was estimated at around 10.8 million tonnes, with households accounting for a significant
portion [14]. Analyses by the Thiinen Institute confirm that households account for about
half of the national food waste stream [15]. In the Netherlands, 2.35 million tonnes were
reported in 2022, equivalent to 134 kg per person, and saw a decrease of roughly 7% com-
pared to the previous year [16]. In Spain, households generated approximately 1.17 million
tonnes of waste in 2022, marking a 6.1% year-on-year decline [17]. In Sweden, total food
waste was estimated at approximately 1.42 million tonnes, or 135 kg per person. Recent
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data revisions have altered sectoral shares and influenced new public policy priorities [18].
In Denmark, total losses amount to approximately 873,000 tonnes annually, with significant
contributions from industry and households [19,20]. Ireland generated approximately
750,000 tonnes of waste in 2022 and around 835 tonnes in 2023—roughly 162 kg per per-
son [21,22]. In Portugal, food waste amounted to approximately 1.93 million tonnes in 2022,
equivalent to 184 kg per person. National reduction targets for 2030 are being revised based
on ongoing monitoring [23]. In the United Kingdom, households waste approximately
6.0 million tonnes of food each year, of which 4.4 million tonnes are edible. This equates
to around 88 kg per person and about 16 million tonnes of CO;-equivalent emissions.
Interventions targeting consumers in this area provide the most significant benefits for both
climate and economic outcomes [24]. WRAP guidelines on date labelling and packaging
for meat, bakery products, and fruit and vegetables address the main drivers of household
food waste, leading to measurable reductions in the amount of edible food discarded [25].

The most comprehensive estimates for Poland, developed within the PROM project
and used in audit reports of the Supreme Audit Office (NIK), indicate that approximately
4.84 million tonnes of food are wasted annually across the entire food supply chain. The
distribution across stages is as follows: households, 60% (approximately 2.92 million
tonnes); primary production, 15.5%; processing, 15.6%; retail, 6.96%; food services, 1.17%;
and transport, 0.65%. These figures clearly show that households constitute the primary
area for intervention, whereas waste in retail and food services is smaller in scale but
relatively more amenable to regulatory and organisational measures [26-28].

Since 2019, Poland has enacted the Act on Counteracting Food Waste, which intro-
duced, among other measures, an obligation for retailers to establish agreements with
non-governmental organisations for the free redistribution of surplus food, a fee payable to
the Provincial Funds for Environmental Protection and Water Management (WFOSiGW)
when food is not donated, and compulsory annual reporting [29]. The Federation of Polish
Food Banks plays a vital role in this system, bringing together 31 food banks and overseeing
the logistics of short-term food redistribution to social aid organisations. It acts as the
primary “rescue” channel specified in the Act [27].

The environmental and economic consequences of FLW are well documented. The
production of food that ultimately remains unconsumed occupies approximately 1.4 billion
hectares of agricultural land each year—around 28% of the global agricultural area. It
uses an estimated 250 km?® of freshwater and generates roughly 3.3 billion tonnes of
CO», [30]. Comprehensive full-cost assessments place the combined economic, environ-
mental and social burdens at around USD 2.6 trillion annually, underscoring the apparent
cost-effectiveness of preventive measures [31].

At the EU level, work is underway to strengthen binding 2030 reduction targets:
approximately 10% in processing and manufacturing, and around 30% per capita in retail
and at the consumer level—targets currently analysed by the European Environment
Agency [13]. National policies, such as Italy’s “Gadda Law,” facilitate food donation and
reduce waste flows and associated emissions [32].

Taken together, available data and policy instruments indicate that food waste is
declining in many countries and across key segments of the food supply chain. The decrease
is evident at the household level, although the pace and stability of reductions differ across
countries and sectors [12,15,24].

2.2. Behavioural Perspective: Habits, Emotions and Norms Across Sociodemographic Groups

Habits, emotions, social norms, and perceived behavioural control influence consumer
behaviour within households. Emotional reactions (e.g., guilt) coexist with shopping
routines and planning skills, as shown in studies that combine affective and habitual
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factors in food-related decision-making [33]. In line with this view, Stancu, Haugaard,
and Lahteenméki identify two pathways to food waste: an impulsive pathway and a
planning-related pathway [34]. Practically, older adults tend to have more established
routines of planning and food management (such as shopping lists, “kitchen FIFO”, and
leftover utilisation) and higher kitchen self-efficacy, leading to lower self-reported waste
levels compared to younger householders [35-38]. An exception is Japan, where per-capita
losses increase with age, partly due to a higher proportion of highly perishable items in
seniors’ baskets [39].

Under limited information and time, consumers rely on heuristics and routines rather
than complete optimisation [40], which encourages “stocking up” and large weekend
shops—cognitively efficient but not always economically optimal. Prospect theory explains
why fear of missing out on a deal (e.g., “buy one, get one free”) can outweigh the anticipated
cost of discarding surplus food, worsening household finances [41]. Based on the Theory of
Planned Behaviour, intentions to reduce waste depend on attitudes, norms and perceived
control; when planning, portioning and storage skills are weak, good intentions do not
translate into action [34,42,43].

In the Becker-Stigler framework of consumption capital, habits develop through
repeated actions that reduce cognitive and transactional costs, stabilising behaviour [44].
In the household context, this results in a “habit pathway”: meal planning, shopping
lists, proper storage, and systematic use of leftovers. Empirical studies demonstrate that
the strength and completeness of this pathway differentiate “low wasters” from “high
wasters” [35,45]. Weighing-based and diary studies from Central Europe indicate that
the most vulnerable categories are those affected by freshness and portion size, including
bread, ready-to-eat meals, fruit, and vegetables [46-49].

From a well-being economics perspective, emotional states during shopping and
cooking are highly significant. In stores, positive emotions (such as pleasure, a sense of
abundance or security) tend to encourage over-purchasing (“stock gives control”), while in
kitchens, negative emotions (like disgust and hygiene-related anxiety) lead to “just-in-case”
discarding when uncertainty arises [44,45,47]. Perceived safety risks and strong preferences
for freshness strongly influence disposal choices; confusion surrounding date labels (“best
before” vs. “use by”) also heightens discard rates [48].

Incorporating social norms and suitable information framing (gain/loss) reduces risk
aversion and lowers the propensity to waste food. The most effective messages combine
practical guidance (such as date checking and storage) with constructive emotions (pride
and care) rather than relying solely on guilt [49,50]. At the same time, the “good provider
norm”—valuing abundance—can counteract savings-oriented behaviour by promoting
oversized purchases and portions [51].

Lifestyle plays a central role. Frugality operates through planning habits, the use of
leftovers, storage competencies, and perceived control, reinforced by norms that favour
thriftiness [34,35,51]. A value-conscious lifestyle (closely aligned with frugality) is consis-
tently associated with lower waste. In contrast, convenience-oriented and deal-seeking
profiles are more likely to result in surpluses and mismatches in package sizes [6]. In
practice, “frugality” takes the everyday form of four habits: meal planning, shopping
lists, proper storage and consistent use of leftovers—precisely the practices most strongly
associated with reduced waste in WRAP data [24,52].

Polish segmentation studies confirm that households with disciplined practices waste
less, and that choosing smaller portions or packages, as well as a better understanding of
date labels, further reduces risk, especially among younger consumers [48,53]. Findings
from Central and Eastern Europe are consistent: in Lithuania, planning and knowledge of
date labels have protective effects, reducing the impact of simple demographic patterns [54].
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In Romania, groups with “careless” routines waste more, suggesting that knowledge
alone is not enough without supportive norms and habits [55]. Segmentation studies
also show that waste patterns vary between consumer types (e.g., hedonistic vs. pro-
environmental), indicating the need for customised communication and interventions [56].
Lastly, exceeding use-by dates and stockpiling are linked to poor planning and household
inventory management; therefore, educational tools—such as shopping lists, meal planners,
and “eat-first” systems—directly target the key mechanisms behind food waste [57]. The
most effective results are achieved when normative components are combined with habit
formation and practical support, such as pre-shopping reminders or shopping list apps
connected to home inventories [24,58].

To summarise, the evidence suggests that habits, competencies, and norms, interacting
with emotions and bounded rationality, provide the most robust explanation for differences
in household food waste levels. By contrast, age, education or income tend to exert
predominantly indirect effects, operating through these behavioural channels.

2.3. Sociodemographic Determinants of Food Waste—A Review of the Evidence

Understanding how sociodemographic characteristics shape household food-waste
behaviours is essential for designing targeted and effective interventions. Existing research
consistently shows that individual attributes (such as age, education, and income), house-
hold composition (notably the presence and number of children), and behavioural patterns
related to lifestyle interact in complex ways. These factors influence planning routines,
storage practices, perceptions of food safety, and normative beliefs about abundance and
thrift. The following section synthesises key empirical findings from Europe, Asia, and
North America, highlighting both cross-country patterns and context-specific deviations.

Cross-sectional studies across the EU-27 indicate that age is negatively associated with
food waste frequency [36]. Similar trends have been observed in Switzerland and Denmark,
where older individuals report wasting less food, a difference attributed to ingrained
norms, established habits, and better household management skills [34,35]. In the United
Kingdom, respondents aged 55-64 report the highest levels of waste avoidance [37], while
WRAP analyses consistently associate lower waste levels with meal planning, shopping
lists, proper storage, and the use of leftovers [24]. In the United States, older adults also
report less food waste, often driven by economic considerations [47]. Japan stands out as
an exception, with per-capita waste increasing with age, partly due to a higher proportion
of perishable products in seniors’ food baskets [39].

The literature highlights the importance of “habit capital” accumulated with age and
reinforced by more stable daily routines, which promotes frugal and predictable household
practices [38,59]. Education is not seen as an end in itself but as a means of enhancing
skills—such as understanding “use by” versus “best before” labels, planning abilities, and
perceived behavioural control (PBC)—which together help to reduce waste [34-36].

In Poland, households that plan meals, store food properly, and utilise leftovers tend
to have higher levels of education [48,53]. WRAP findings [24,25] similarly indicate that
these practices reduce waste and are more common among individuals with stronger
skills. Conversely, segmentation studies in Romania identify, alongside a typically less
educated “Careless” segment, an “Ignorant” segment—well-educated individuals who
still waste food due to weak habits and poorly internalised norms [55]. Cross-segment
comparisons (e.g., hedonic vs. pro-environmental orientations) confirm the need for
targeted interventions [56]. Studies of young adults in Spain and Italy also reveal distinct
behavioural patterns in this age group [60], aligning with broader conclusions regarding
the combination of structural and competence-based factors [43].
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Household structure plays an equally important role. The presence of children—particularly
more than one child—typically increases food waste. A national study in China (N = 1746)
found that having “a child or a senior” in the household was positively associated with both
waste frequency and the share of wasted food in total expenditure. The effect was strongest
for perishable products and snacks, driven by preference volatility and precautionary
purchasing [61]. In Japan (N = 5240), having children also increased waste, especially in
large cities (faster pace of life, meal-planning constraints). Crucially, reductions were linked
to specific practices (action checklists, inventory management), not merely to higher levels
of “knowledge” [62].

A Spanish study of 806 families found that planning—particularly shopping lists—was
the strongest predictor of lower household waste. Children’s age differentiated waste mech-
anisms: families with younger children reported more plate leftovers, whereas families
with older children reported more over-purchasing [60]. Qualitative research supports
these findings: parents report children’s pressure (requests, pickiness) and norms of abun-
dance (“a good parent provides choice”), which encourage overbuying. Possible responses
include offering smaller package sizes and developing practices for reusing leftovers [63].
Evidence from Central Europe corroborates this view: in a diary-based study of over 400
Czech households, the average waste was 2.6 kg per household per week (1.1 kg per capita),
with planning and storage habits identified as key factors [64].

In Poland, a representative study (N = 500; 7-day diaries and CAPI) identified the
presence and number of children as significant predictors of waste, alongside household
size, income, and characteristics of the main cook [65]. In Canada (N = 68; waste weighing
plus survey), families with children generated higher total waste, although not always
more waste per person (a scale effect), and exhibited greater diversity in food waste
types [66]. In rural China, household size is positively correlated with waste (fractional
models), primarily due to difficulties in portioning and planning in large families [67].
Further studies indicate that food safety concerns and dietary preference complexity are
stronger in larger households (often families with children), which raises the likelihood of
discarding food “close to the date” and highlights the importance of label education and
storage practices [68].

Income effects are typically indirect and conditional. When mediators—planning, label
knowledge, PBC, and norms—are added, the direct effect of socioeconomic status weakens
or disappears [54,61,62]. Income operates through habits, competencies, and norms, with
its influence shaped by lifestyle orientation (frugality vs. convenience/promotion-seeking),
household structure, and food category [24,43,58].

Broader national and segmentation evidence in Poland suggests that younger decision-
makers more frequently prefer convenience, freshness, and large packages, thereby in-
creasing the risk of waste [48]. Segmentation analyses similarly divide households into
“high” and “low wasters” based on planning, storage, and leftover practices [65]. Evidence
from Latvia and Romania aligns with these results: impulsive buying and avoidance of
leftovers correlate with higher waste, especially among younger consumers [55,69-71].
Consumer orientations further differentiate outcomes: value-conscious styles (akin to fru-
gality) are associated with lower waste, whereas price- and convenience-oriented styles
(including promotion-driven buying) increase waste due to excessive package sizes and
over-purchasing [24,52,72] findings reinforce this framework.

Finally, methodological considerations are vital. Differentiating between “low” and
“high wasters” is most effective when diary techniques are combined with waste weighing.
Diaries record behavioural processes (e.g., planning, transitions from purchase to storage),
but are susceptible to selective reporting and observer effects; weighing offers accurate
quantity measurements but lacks contextual details. Their combination enables the precise
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identification of key points along the waste pathway and facilitates targeted, practical
interventions where errors most frequently occur [46,53,54,64,73].

From an implementation standpoint, the evidence points to the effectiveness of weekly
menu templates, pre-shopping reminders, inventory-linked shopping-list application
product-specific storage practices (e.g., freezing bread, correct refrigerator zoning), and
normalising leftover reuse—supported by clear label communication (“best before” does
not mean “use by”) and norm-anchored messaging [24,37,38,49,50,57,64].

Taken together, the reviewed literature demonstrates that household food waste is
shaped by a combination of sociodemographic characteristics, everyday routines, and con-
textual factors, yet the empirical evidence remains fragmented and often country-specific.
In particular, studies conducted in Central and Eastern Europe are still relatively limited
and frequently rely on small samples or descriptive approaches, providing mixed results re-
garding the role of variables such as age, education, and household composition. Moreover,
existing research rarely integrates sociodemographic analyses with an explicit consideration
of national institutional contexts, despite their relevance for shaping household practices.
Against this background, the present study addresses this gap by systematically examining
the associations between key sociodemographic variables and household food waste in
Poland using a large nationwide survey. The hypotheses formulated in the Section 3 are
directly derived from these unresolved findings in the literature and aim to test whether
commonly assumed relationships—particularly those related to age, household structure,
and education—hold in the Polish context.

3. Materials and Methods
3.1. Data

Understanding household food security and food-waste behaviours requires a mea-
surement strategy that is both standardised and sensitive to the demographic and economic
heterogeneity of households. To this end, the study employed a structured survey based
on the HFSSM, augmented with modules that captured socio-demographic characteristics,
health self-assessment, and self-reported food waste intensity. The survey instrument
was translated into Polish and slightly refined following a pilot study conducted prior to
the main survey. The pilot phase was used to assess the internal consistency and basic
psychometric properties of the instrument, including reliability (Cronbach’s ).

The data were collected through an online questionnaire administered to a large,
nationwide sample of 1000 adults aligned with the age and gender structure of the Pol-
ish population.

The study employed a non-probability, purposive quota sampling design implemented
by an external research and development centre (Biostat, Rybnik—Poland) specialising in
nationwide socio-economic surveys. Quota variables were defined by age and gender
to ensure consistency with the demographic structure of the adult population in Poland.
Respondents were recruited from the contractor’s established respondent panels, with
participation being voluntary and anonymous. No probabilistic random sampling was
applied, and checks of sample alignment were limited to age and gender distributions.

Eligibility was determined through a screening question asking whether the respon-
dent was personally responsible for food shopping in their household. Only individuals
who answered affirmatively proceeded to the full questionnaire. The final sample com-
prised 1000 individuals responsible for food purchasing (65% women, 35% men). The study
employed a cross-sectional design, utilising a Computer-Assisted Web Interviewing (CAWI)
survey conducted in December 2022. Its core component was the HFSSM, expanded to
include a socio-demographic module and items measuring self-rated health and perceived
levels of household food waste.
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The questionnaire comprised 27 items numbered 0-26, of which 16 referred to expe-
riences within the past 12 months. It included seven conditional questions administered
exclusively in households with children. The introductory screening item verified whether
the respondent was responsible for purchasing household food. The demographic section
consisted of three categorical variables: gender, age group and educational level. The eco-
nomic status block captured subjective evaluations of lifestyle/financial situation, the main
source of income, and net household income. Household composition was assessed with a
single numeric question that asked about the number of household members, including
adult children (18 years and older) and seniors aged 65 and above. The section on health
and dietary practices included two measures: self-rated health and perceived intensity of
food waste.

Household food-waste levels were measured using the item: “How much food is
wasted in your household?” with response options: 1—very little; 2—little; 3—moderate
amount; 4—a lot; 5—very much.

Self-reported measures of household food waste are commonly used in large-scale
survey research, as they allow for the efficient collection of comparable data across diverse
population groups. Although such measures do not provide precise quantitative estimates,
previous studies show that they are suitable for identifying relative differences and patterns
in food-waste behaviour, particularly when diary- or weighing-based methods are not
feasible. Accordingly, the self-reported indicator applied in this study is intended to capture
comparative variation between households rather than exact levels of food waste.

Explanatory variables included age, gender, education, household size (including the
number of children and adults aged 65 and above), net income and its source, and lifestyle
indicators (Table 1).

Table 1. Variables—codes and types.

Variable Code Type

Level of food waste FW Ordinal (1-5)
Age M2 Ordinal
Educational attainment M3 Ordinal
Lifestyle/perceived financial situation M4 Ordinal
Main source of income M5 Nominal/ordinal
Net household income M6 Ordinal
Household size M7 Count/ordinal
Presence of children in household (yes/no) MAS8 Binary
Number of children in household M8 Count/ordinal

Source: own study.

3.2. Statistical Procedure

Based on literature review we formulated the following hypotheses:

H1. Age and Food Waste—Older adults are expected to report lower levels of food waste than
younger individuals (a negative association between age and food waste);

H2. Education and Food Waste—higher educational attainment is expected to be associated with
lower levels of household food waste (a negative association between education and food waste);

H3. Economic Status and Food Waste—individuals whose primary income derives from pensions,
disability benefits or social-assistance transfers are expected to waste less food than those whose
income comes from employment or self-employment (a negative association);
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H4. Household Structure and Food Waste—larger households are expected to generate more food
waste, and the presence of children—particularly a higher number of children—is expected to
increase the likelihood and volume of food discarded (a positive association).

To examine associations between household food-waste levels and sociodemographic
characteristics, the analysis employed a set of non-parametric statistical techniques suitable
for ordinal data and variables measured on categorical or non-continuous scales. The
methodological approach is centred on three complementary procedures:

Chi-square test of independence, supplemented with Yates’ continuity correction for
2 x 2 contingency tables, was used to assess whether the distribution of responses on
the food-waste scale differed across categories of key sociodemographic variables. Effect
sizes for these associations were expressed using the @-Yule coefficient, which provides a
standardised measure of the strength of the relationship for binary or near-binary structures.

Spearman’s rank-order correlation was applied to evaluate monotonic relationships
between ordinal variables (e.g., age group, household size, educational attainment) and the
ordinal food-waste measure. This method is appropriate when assumptions of normality
or equal variance are not met, and it is widely recommended in research involving self-
reported behavioural scales.

Mann-Whitney U test was used to compare distributions of the food-waste vari-
able across selected categorical groups (e.g., employment types, educational categories,
or age brackets). As a rank-based alternative to the independent-samples t-test, the
Mann-Whitney procedure is suitable for non-normally distributed dependent variables
and for Likert-type scales.

4. Results

At the beginning, chi-square independence tests with Yates correction and corre-
sponding ¢ coefficients were carried out, assessing the relationship between selected
socio-demographic characteristics and self-assessment of the level of food waste in house-
holds. The results are shown for the full sample as well as separately for women and men.

For the overall sample (Table 2), only age (M2) shows a statistically significant relation-
ship with the reported level of food waste (¢ = 0.108; x> = 11.686; p = 0.001). Although the
effect size is small (¢ ~ 0.108), the result suggests that food waste levels differ significantly
across age groups, with younger respondents tending to report higher waste levels. For all
other variables—education (M3), lifestyle/financial situation (M4), main income source
(M5), net household income (M6), and number of children (M8)—the p-values exceed 0.05,
suggesting no statistically significant associations in the total sample. When the analysis
is stratified by gender, the pattern for women reflects the overall findings. Age again
emerges as the only significant correlate of food-waste declarations (¢ = 0.117; X% =9.245;
p = 0.002), with a similarly small effect size. A weak, non-significant trend is observed for
net income (M6) among women (p = 0.090), but it does not meet the conventional threshold
for significance. No other variable shows a meaningful association. Among men, none of
the examined characteristics display a statistically significant relationship with food-waste
declarations. Even age (¢ = 0.087; X2 =2.672; p = 0.102), which was significant in the full
sample and among women, does not reach significance here.

Across all respondents, and specifically among women, age is the only factor signifi-
cantly associated with self-reported food waste, although the strength of this relationship
is relatively weak. For men, no sociodemographic variable included in the table shows a
statistically significant link with food waste levels. This pattern suggests that age-related
differences in food-management routines may be more pronounced or more consistently
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reported among women than among men, while other structural factors (education, income,
household composition) do not differentiate food-waste behaviour in this dataset.

Table 2. Gender differences in declared household food-waste levels.

Statistic M2 M3 M4 M5 Meé MS8
Overall

© 0.108 —0.001 0.048 —0.054 0.036 —0.036

x2 11.686 0.001 2.317 2.483 1.080 1.091

p-value 0.001 0.973 0.128 0.115 0.299 0.296
Women

© 0.117 0.036 0.045 —0.057 0.071 —0.035

x2 9.245 0.719 1.138 1.838 2.876 0.690

p-value 0.002 0.397 0.286 0.175 0.090 0.406

Men

© 0.087 —0.075 0.060 —0.046 —0.030 —0.038

x2 2.672 1.718 1.283 0.603 0.282 0.427

p-value 0.102 0.190 0.258 0.438 0.596 0.513

Source: own study.

The results show that younger respondents report higher food waste, while those
with higher education or more children tend to waste more. In contrast, pensioners and
households relying on social benefits declare lower waste levels. Net income itself was not
related to food waste, but household composition—especially the number of children—was
the strongest predictor of increased waste.

Table 3 presents Spearman’s rank-order correlations examining the relationships
between selected socio-economic characteristics and the self-reported level of household
food waste in Poland.

Table 3. Spearman’s Rank Correlations: Associations Between Socio-Economic Characteristics and
Declared Food-Waste Levels in Poland.

R tn_2) p
M2 —0.223818 —7.25469 0.0000
M3 0.081304 2.57703 0.0100
M4 —0.070563 —2.23473 0.0254
M5 —0.121532 —3.86800 0.0001
Mé6 0.046767 1.47903 0.1391
M7 0.173854 5.57717 0.0000
MAS —0.203976 —6.58223 0.0000
M8 0.205276 6.62601 0.0000

Source: own study.

Age showed a moderate negative correlation (R = —0.224, p < 0.001), indicating that
younger respondents reported higher levels of food waste. Educational attainment was
positively associated with food waste (R = 0.081, p < 0.010), while lifestyle/financial self-
evaluation showed a weak negative association (R = —0.071, p < 0.026).

A significant negative correlation was also observed for the main source of household
income (R = —0.121, p < 0.001), indicating lower waste among respondents who relied
on pensions or social benefits. Net household income did not correlate significantly with
food waste.

Household composition demonstrated clear patterns: the presence of children (M8A)
correlated negatively with the food-waste scale (R = —0.204, p < 0.001), whereas the
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number of children showed the strongest positive correlation in the dataset (R = 0.205,
p < 0.001), indicating that food-waste levels increased along with household size, driven by
childcare needs. This pattern is not uncommon: the mere presence of children differentiates
households in one direction. But among households with children, the number of children
shifts the relationship in the opposite direction. This reflects a combination of a threshold
effect (the presence of children alters the baseline level of food waste) and an intensity effect
(food waste increases in proportion to the number of children). Together. these mechanisms
suggest that initial household constraints introduced by childcare may operate differently
from the cumulative pressures associated with larger family size.

To examine whether the declared level of household food waste differed across key
socio-economic groups, a series of Mann—-Whitney U tests was conducted. This non-
parametric procedure is appropriate for comparing ordinal self-assessment scales across
two independent groups.

The Mann-Whitney U test results demonstrate consistent and statistically significant
age-related differences in self-reported food-waste levels (Table 4). In all comparisons
involving the youngest group (25-34), this group reported significantly higher waste than
respondents aged 3544, 45-54, 55-64 and 65+ (Z ranging from 2.268 to 7.221; all p < 0.050).

Table 4. Mann-Whitney U test values for the self-reported level of household food waste with respect
to respondents’ age.

Age zZ P
25-34/35-44 2.268 0.023
25-34/45-54 5.139 0.000
25-34/55-64 7.221 0.000

25-34/65+ 5.528 0.000
35-44/45-54 3.312 0.001
35-44/55-64 5.804 0.000

35-44/65+ 3.672 0.000
45-54/55-64 2.657 0.008

45-54/65+ 0.189 0.850

55-64/65+ —2.583 0.010

Source: own study.

Similarly, respondents aged 35-44 reported higher waste generation than those
aged 45-54, 55-64, and 65+ (Z = 3.312-5.804; p < 0.010). The same pattern—higher waste
among the younger cohort—was observed when comparing the 45-54 group with those
aged 55-64 (Z = 2.657; p = 0.008). No significant difference emerged between the 45-54 and
65+ groups (p = 0.850), suggesting convergence in behaviour in these later life stages.

A significant contrast was observed between respondents aged 55-64 and those
aged 65+ (Z = —2.583; p = 0.010), indicating that individuals aged 65+ reported even
lower levels of waste.

Overall, the results reveal a clear gradient: food waste declines with age, with the
largest behavioural gap observed between the youngest adults and all older groups. This
is fully consistent with earlier findings on the role of habit stability, frugality, and more
predictable daily routines among older respondents.

The Mann-Whitney U test results also indicate statistically significant differences in
the self-reported level of household food waste between pensioners/disability pension
recipients and respondents from selected income-source groups (Table 5).

A highly significant result was obtained for individuals employed under an em-
ployment contract (Z = 4.801; p < 0.001). This suggests that, compared with pensioners,
respondents in stable wage employment report noticeably higher levels of food waste. The
magnitude and significance of this difference point to systematic behavioural or lifestyle
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distinctions—potentially reflecting time constraints, higher purchasing power, or less
stringent planning routines among working adults.

Table 5. Mann—-Whitney U test values for the self-reported level of household food waste among
pensioners/disability pension recipients and respondents from other occupational groups.

Source of Income V4 p
Employment contract 4.801 0.000
Contract of mandate/contract for specific work 0.918 0.359
Self-employment 2.482 0.013
Social welfare benefits 2.630 0.009

Source: own study.

A significant difference was also observed for the self-employed (Z = 2.482; p = 0.013).
Here as well, food waste levels reported by this group exceed those of pensioners, although
the effect is weaker than in the case of standard employment contracts. A plausible expla-
nation may involve irregular working hours, variable income patterns or more fragmented
meal-planning practices.

For respondents receiving social welfare benefits, the difference is likewise statistically
significant (Z = 2.630; p = 0.009). This finding suggests that, despite constrained budgets,
this group reports higher levels of food waste than pensioners. Possible contributors
include instability of income, less predictable household needs or limited competencies
related to food storage and planned consumption.

In contrast, no statistically significant difference was found for those working under
a contract of mandate/contract for specific work (Z = 0.918; p = 0.359). The self-reported
waste levels in this group appear comparable to those of pensioners, suggesting that their
food-management routines do not differ substantially in this regard.

Overall, the analysis reveals that pensioners and disability pension recipients consis-
tently report lower levels of food waste than most other income-source groups. This pattern
aligns with earlier research highlighting the role of established routines, frugality, and more
predictable daily rhythms among older adults. The results underscore the heterogeneity of
waste-generating behaviours across labour-market groups and point to the importance of
tailoring food-waste interventions to the socio-economic context of specific populations.

As expected, households with children reported significantly higher levels of food
waste compared with childless households (Z = —6.447; p < 0.001). The results of research
on differences in the level of food waste in households depending on the education of
respondents are presented in Table 6.

Table 6. Mann-Whitney U test values for the self-reported level of household food waste with respect
to respondents” education.

Education V4 p
Vocational /Secondary —1.662 0.097
Vocational /Higher —2.809 0.005
Secondary/Higher —1.954 0.051

Source: own study.

Finally, the Mann-Whitney U test results reveal that educational attainment differenti-
ates self-reported levels of household food waste only in one comparison. Respondents
with higher education declared significantly higher food-waste levels than those with
vocational education (Z = —2.809; p = 0.005).

No statistically significant differences were observed between vocational and sec-
ondary education (p = 0.097), nor between secondary and higher education (p = 0.051).
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These borderline values suggest that, although education shows certain tendencies in the
correlation analysis, clear group-level differences emerge only between the lowest and
highest educational categories.

Overall, the findings suggest that higher-educated respondents tend to report more
food waste; however, this effect is not uniformly present across all educational levels.

Table 7 provides a consolidated assessment of hypotheses H1-H4. Three hypotheses
(H1, H3, H4) are supported by the empirical results: younger respondents, working adults,
and households with children consistently report higher levels of food waste. Only H2 is
not supported—higher educational attainment does not reduce food waste and, in some
analyses, is associated with slightly higher waste levels. Overall, age, household structure,
and economic status emerge as meaningful predictors of food-waste behaviour, while
education plays only a marginal role.

Table 7. Hypotheses summary.

Hypothesis Expected Direction Empirical Findings Conclusion

Age significantly correlated with lower
waste (Spearman R = —0.224, p < 0.001);
Negative association Mann-Whitney tests show younger Supported
groups report consistently higher
waste; x2 significant for total sample

H1. Age and Food Waste—older
adults waste less food

Positive correlation (R = 0.081,

H2. Education and Food p < 0.010); significant difference only
Waste—higher education Negative association between vocational vs. higher Not supported
reduces waste education, with higher education

reporting more waste

Lower waste among pensioners relative

H3. Economic Status and Food to employed and self-employed
Waste—pensioners/benefit Negative association (Z =4.801 and 2.482; p < 0.050); Supported
recipients waste less negative correlation for income source

(R = —0.122, p < 0.001)

Strongest positive correlation for

H4. Household Structure and number of children (R = 0.205,
Food Waste—households with Positive association p < 0.001); presence of children Supported
children/larger size waste motre significantly increases waste

(Z = —6.447, p < 0.001)

Source: own study.

5. Discussion

The results of this study confirm the significant influence of demographic and lifestyle
factors on household food waste levels. This clearly indicates that educational and pre-
ventive measures should be strategically targeted at larger households, particularly those
with children. Such initiatives should focus on developing skills related to meal planning,
creating rational and needs-based shopping lists, adopting proper food storage practices,
and maximising the use of leftovers. Strengthening these skills is likely to help reduce
consumer-level food waste over the long term.

The analysis reveals that age is the strongest factor linked to food-waste behaviour. Re-
ported waste levels tend to fall consistently with age, indicating that older adults generally
waste less food, while the youngest respondents report the highest waste levels. Educa-
tional attainment exhibits a small but positive correlation with food waste; individuals
with higher education often report slightly more waste, suggesting that education alone
may not always lead to more efficient food management routines.

Lifestyle and perceived financial situation also play a significant role. A more restricted
financial situation appears to have a protective effect: respondents who report greater fru-
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gality and tighter household budgets tend to waste less food. The main source of household
income also influences outcomes: lower waste levels are observed among respondents rely-
ing on pensions or social assistance benefits compared with those whose primary income
comes from employment, contract work, or self-employment. This suggests that both eco-
nomic stability and purchasing power influence household food management behaviours.

The lack of a significant association between educational attainment and household
food waste merits closer consideration. Although higher education is often assumed to
enhance environmental awareness and pro-environmental behaviour, the present find-
ings suggest that education alone does not translate into lower levels of food waste. This
result is consistent with research emphasising the persistence of everyday routines and
habitual practices, which tend to be weakly responsive to information or abstract knowl-
edge. Food-related behaviours are largely embedded in daily time constraints, household
organisation, and meal-planning routines, which may limit the behavioural relevance of
formal education.

The lack of a significant association between educational attainment and household
food waste warrants closer consideration. Although higher education is often assumed to
enhance environmental awareness and pro-environmental behaviour, the present findings
indicate that education alone does not translate into lower food waste. This result aligns
with research emphasising the persistence of everyday routines and habitual practices,
which tend to be weakly responsive to information or abstract knowledge. Food-related be-
haviours are largely embedded in daily time constraints, household organisation, and meal-
planning routines, which may limit the behavioural relevance of formal education [33-35].

Moreover, the absence of an educational effect may reflect a well-documented
knowledge-action gap in pro-environmental behaviour. While more educated individuals
may have greater awareness of sustainability issues, this does not necessarily translate
into reduced waste if structural and situational factors—such as household composition,
caregiving responsibilities, or time pressure—dominate decision-making. In this sense,
education appears to be a less decisive predictor than life stage and household structure,
which showed stronger and more consistent associations in the present study.

Importantly, net household income does not show a statistically significant relationship
with declared food waste. By contrast, household composition—specifically, the number of
children—demonstrates a clear and robust pattern. The number of children is positively
and significantly associated with food-waste levels: the more children in the household,
the greater the amount of food discarded. This aligns with the broader literature, which
links childcare demands, food-preference variability, and planning difficulties to elevated
food-waste risks in families with multiple children.

Overall, the results highlight the combined impact of demographic structure, life-stage
characteristics, and everyday consumption practices on household food waste, pointing to
the importance of tailored, behaviour-focused interventions.

These results are consistent with existing literature. According to CBOS data [38]
individuals aged 55 and above report discarding food less frequently in the preceding week.
In contrast, a study by Przezbérska-Skobiej et al. [74] found that students declare higher
levels of food waste than employed adults—a pattern the authors attribute to shopping
routines and leftover management behaviours. Segmentation analyses by Bilska et al. [53]
show that Polish households are primarily differentiated by practices (such as meal plan-
ning and storage) rather than by demographic traits, whereas Szymkowiak et al. [48]
demonstrate that product attributes (including pack size, labelling, and portioning) interact
with lifestyle patterns and increase the risk of food waste, particularly among younger
consumers. International evidence supports this perspective: in Lithuania, individuals
aged 66 and above are more likely to belong to the “low-waster” group, while impulsive
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purchases and avoidance of leftovers increase waste, and meal planning, combined with
label knowledge, exerts a protective effect [54].

In the Czech Republic, survey data indicate that the lowest waste levels are observed
among respondents aged 60 and above, as well as among lower-income households [59].
Diary studies conducted in more than 400 households revealed an average of 2.6 kg per
household per week (1.1 kg per capita), documenting substantially higher waste levels than
self-reports [64]. More recent surveys identify dates, portion sizes, and storage practices as
the main drivers of waste, with younger respondents reporting higher levels [46].

In Romania, consumer segmentation identifies distinct clusters that differ in their
habits and emotions [55]. Newer findings show that age and behavioural competencies in
food management strongly shape waste patterns, with younger individuals more frequently
committing planning errors [70].

In Latvia, Beitane et al.’s [69] large-scale survey (N = 1336) provides raw behavioural
data enabling age-differentiated modelling with demographic controls, and the representa-
tive RSU dataset (N = 1007) captures awareness, intentions, and actions. Earlier studies
similarly indicated higher waste in households with children and lower waste among
adult-only households [69,71].

In Hungary, waste-weighing measurements estimate that approximately 68 kg of waste
is generated per person annually, of which around 33 kg is avoidable; ready-to-eat meals
and bread are the most frequently discarded items [73,75]. Importantly, NEBIH/Wasteless
monitoring indicates ~65.5 kg/person/year and a 24% reduction in “real wastage” com-
pared to 2016. Qualitative interviews highlight the role of personal and social norms,
responsibility, and awareness of consequences of the Norm Activation Model/Theory of
Planned Behaviour, with clear demographic differentiation [76].

In Slovakia, triangulation using surveys and product weighing reveals discrepancies
between self-reports and measured waste, as well as the importance of habits and demo-
graphic factors [77]. Additional analyses indicate that age and income differentiate waste
levels, while the most frequent causes include spoilage/mould, over-purchasing, and poor
storage [78]. Fieldwork further suggests that older rural residents tend to “respect bread,”
reducing bread waste [79].

The relationship between income and food waste is not universal; it depends on con-
text and measurement strategy. In Lithuanian data, higher income increased the likelihood
of being a “high waster” (relative to low-income: OR = 1.969; p = 0.023; relative to medium:
OR = 1.839; p = 0.022). However, once planning and label knowledge were taken into
account, the explanatory power of simple socioeconomic traits diminished markedly [54].

In a national Chinese dataset, income did not significantly differentiate whether a
household wasted food at all; logistic models showed no significant effect. Tobit models for
waste shares revealed only weak positive associations for selected categories—for example,
meat (3 = 0.054, p < 0.10) and starchy products (3 = 0.047, p < 0.10)—indicating borderline
signals. Daily practices and household structure were far more influential, suggesting that
interventions should prioritise planning, storage, and meal organisation rather than income
alone [61]. In rural China, households with village-cadre members (stable, higher incomes)
wasted significantly more food—confirmed by fractional logit and PSM (3 = 0.33; p < 0.05;
ATT = 0.44-0.76 p.p.; for rice 2.45-3.60 p.p.)—and income was positively associated with
waste (3 = 0.04; p < 0.01) [67].

In Japan, national ordered probit models show no significant link between income
and overall waste levels. Instead, practices proved decisive: the “actions” index (sum
of waste-reducing behaviours) substantially lowered waste (3 = —0.380, p < 0.01), and
food-management skills, including storage, had a similar effect (3 = —0.056, p < 0.01). Con-
versely, “checking labels” was positively associated with waste (3 = 0.076, p < 0.01), which
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the authors interpret as precautionary discarding driven by a misinterpretation of “best
before” vs. “use by” dates [62]. Systemically, demographic effects—especially age—are
strong in Japan, but operate primarily through basket composition (fruits/vegetables) and
preparation practices rather than income [39].

The practical implications are clear. Interventions should prioritise larger households
and families with children, consistent with model M8 and with findings by Li, Jiang &
Qing [61], Nakamura et al. [62], and Tonini et al. [60]. The scope of interventions should
include meal planning, shopping-list preparation, inventory management (including “first
to eat” principles), product-appropriate storage, systematic leftover reuse, and clear date
labelling. Implementation can be supported through simple tools—such as meal planners,
list-management, and inventory apps—supplemented with pre-shopping reminders and
norm-based messaging reinforced by constructive emotional cues. Priority should be
given to categories with short freshness windows, such as bread, ready-to-eat meals,
and fruits and vegetables, as highlighted in Kasza et al. [73], Szab6 Bddi et al. [75], and
WRAP recommendations [24].

At the same time, discrepancies between self-reported data and results from diaries
or weighing studies call for cautious interpretation. Combined measurement techniques
enable a more comprehensive identification of weak points in everyday food management
routines [64,77]. When interpreting correlations, it is essential to avoid causal inference;
demographic effects often operate primarily indirectly—through habits, competencies,
and norms [43,54,65].

Overall, both the present findings and the international evidence indicate that age
(negatively) and the presence of children (positively) remain the most stable correlates
of food waste. However, everyday practices—such as planning, storage, and manag-
ing leftovers—ultimately determine the levels of waste. Therefore, effective interven-
tions should integrate demographic profiling with the strengthening of habitual food-
management behaviours as the primary pathway for behavioural change.

6. Conclusions

The results confirm clear demographic differences in household food waste. Age
is the most consistent predictor—young adults report significantly higher levels of food
waste, consistent with weaker planning routines and shorter “habit capital”. Household
structure is equally influential: the presence and number of children systematically increase
waste levels, reflecting varying preferences, planning difficulties, and greater uncertainty in
family food management. Economic status, as measured by income source, distinguishes
groups with systematically lower waste (pensioners and disability-benefit recipients) from
employed and self-employed individuals. Net household income itself shows no significant
impact, indicating that financial resources mainly matter indirectly. Education—contrary
to common assumptions—does not reduce food waste, underscoring the superiority of
practical skills over formal educational attainment.

These findings should be interpreted against the broader institutional and social
context of food-waste reduction in Poland, which shapes individual behaviours but remains
outside the scope of direct measurement in this study. Studies conducted among Polish
households indicate that food is most frequently discarded due to expired dates, spoilage,
and the preparation of excessive quantities, which supports the rationale for information-
and awareness-based interventions [80-82]. In practice, however, the effectiveness of such
measures may be limited if they are not accompanied by local social norms, trust, and
social acceptance of sharing food surpluses rather than disposing of them [34,83].

In Poland, food-waste reduction therefore increasingly takes the form of a collective
endeavour. The 2019 Act on Counteracting Food Waste shifts part of the responsibility to the
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retail sector and institutionalises cooperation with social organisations through mandatory
agreements on free food donation, educational campaigns, and a fee imposed on wasted
food, thereby creating a systemic incentive for redistribution instead of disposal [84]. This
mechanism appears to function most effectively where cooperation between key actors
(retailers-NGOs—end beneficiaries) is well coordinated and where bottom-up initiatives,
such as community fridges (“jadlodzielnie”), reinforce the “pass it on” norm through local
engagement and shared responsibility [85-87].

From an interpretative perspective, this implies that explaining policy effectiveness
solely through formal regulatory instruments is incomplete. Public policies aimed at reduc-
ing food waste require not only clearly defined targets and monitoring frameworks, but
also complementary actions that support cooperation, trust, and social participation. Ne-
glecting this collective-action dimension may weaken the explanatory power of empirical
findings based exclusively on individual- or household-level characteristics [83,88].

Overall, the findings highlight that effective food-waste reduction strategies require
precise targeting of high-risk household type—particularly younger adults and families
with children—and a focus on strengthening daily food management habits, including
meal planning, stock control, appropriate storage, and the systematic use of leftovers.
These insights provide a solid empirical basis for SCP policies aligned with SDG 12.3 and
emphasise the need to combine educational efforts with practical tools to support everyday
household organisation.

Future research could build on the present findings by adopting mixed-method ap-
proaches that combine large-scale survey data with behavioural or observational measures,
such as food diaries or weighing studies, to better capture actual levels of household
food waste and to complement self-reported assessments. While the results of this study
are embedded in the Polish institutional and socio-demographic context, the observed
associations—particularly those related to life stage and household structure—may be
transferable to other national settings, especially within Central and Eastern Europe, pro-
vided that differences in institutional frameworks and consumption practices are taken
into account.

7. Limitations

This study has several methodological limitations that should be acknowledged
when interpreting the results. First, the data were collected using a non-probability, pur-
posive quota sampling design based on age and gender. Although the sample struc-
ture was aligned with the demographic distribution of the adult population in Poland
for these two characteristics, no probabilistic random sampling was applied, and no
post-stratification, calibration, or weighting procedures were performed for other socio-
demographic variables.

Second, the survey instrument was adapted for use in the Polish context and refined
following a pilot study conducted prior to the main data collection. While the pilot phase
allowed for the assessment of internal consistency and basic psychometric properties,
the scope of validation remains limited to the procedures implemented by the survey
contractor. As a result, the measurement properties of the adapted instrument should
be interpreted with caution, particularly in comparison with tools that have undergone
extensive national validation.

Third, household food waste was measured using a single self-reported ordinal item.
Although such measures are commonly applied in large-scale survey research and are
suitable for identifying relative differences between households, they may be affected
by recall bias and social desirability bias. Previous research indicates that self-reported
assessments tend to underestimate actual food waste levels compared with diary- or
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weighing-based methods. Accordingly, the results should be understood as reflecting
relative patterns of food waste rather than precise quantitative estimates.

Finally, the cross-sectional design of the study limits the ability to draw causal infer-
ences about the relationships observed. The reported associations capture correlations at
a single point in time and should not be interpreted as evidence of causal mechanisms
underlying household food-waste behaviour.
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