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Abstract
It is now widely accepted that a signi�cant portion of emissions reductions required to meet net zero
targets must come from individual behaviour change. Shifting consumers towards more sustainable
food consumption and avoiding food waste and loss (FWL) have been identi�ed as two key levers to
tackle climate change at the individual and household level. While the IPCC estimates substantial
“technical potential” to reduce emissions via changes in diets and reductions in FWL, there is a lack of
learning on which climate solutions can best harness this potential. The purpose of this systematic
review and meta-analysis is to synthesise the empirical literature reporting on demand-side interventions
targeting sustainble food consumption and food waste behaviours of individuals and households. The
review encompasses empirical research evaluating a wide range of policy interventions targeted at
changing actual food consumption and waste behaviours, which have the potential to contribute towards
climate change mitigation. The review forms part of an ‘ecosystem of reviews’, a large-scale evidence
synthesis initiative seeking to provide a comprehensive analysis of household-scale interventions and
their emissions reduction potential. The reviews within the ecosystem utilise state-of-the-art AI-assisted
screening procedures and follow a set of harmonised inclusion criteria.

Introduction
Background

Approximately one third of global greenhouse gas (GHG) emissions are linked to the global food system,
making it one of the highest polluting sectors (Crippa et al., 2021). The potential of demand-side
strategies for climate change mitigation has recently been highlighted by the UN Intergovernmental Panel
on Climate Change (IPCC) sixth Assessment Report (WGIII). The report is the �rst of its kind to explicitly
consider demand-side mitigation potential and provides a convenient framework – Avoid-Shift-
Improve(ASI) – to categorise mitigation strategies targeted at avoiding and shifting�nal service demand,
or improving service delivery (IPCC, 2022).

Within this context, shifting consumers towards more sustainable food consumption and avoiding food
waste and loss (FWL) have been identi�ed as two key levers to tackle climate change at the individual
and household level (Creutzig et al., 2022; Dubois et al., 2019; Reisch, 2021; Reisch et al., 2021). Moreover,
in�uecing or steering people’s food choices through targeted policy interventions, previously ”off-limits”
for policymakers, is increasingly being considered by governments around the world, given the urgent
need to curb climate change and biodiversity loss (Stern, 2022). While the IPCC estimates substantial
“technical potential” to reduce emissions via changes in diets and reductions in FWL, there is a lack of
learning on which climate solutions can best harness this potential. In recent years, there has been a
rapid increase in the number of empirical studies exploring demand-side interventions targeting food
consumption and FWL behaviours, across multiple disciplines and research �elds.
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More recently, several attempts have been made to synthesise subsets of this rapidly growing literature,
usually focusing on speci�c behavioural sub-domains or types of intervention. Given the multiple bene�ts
associated with reductions in meat consumption and shifts to plant-based diets, much research has
focused on interventions that in�uence animal-product consumption. Within this sub-domain, recent
reviews have concentrated on behavioural interventions (Bianchi et al., 2018; Tau�k et al., 2019),
consumption-side interventions (Kwasny et al., 2021) and experimental studies (Harguess et al., 2020).
This large literature has recently been synthesised in a meta-review (Grundy et al., 2022), which showed
that only two of twelve assessed reviews conducted quantitative meta-analyses. Few reviews have
considered broader de�nitions of sustainable dietary shift, or are limited to a behavioural sub-domain
within broader meta-analyses on behavioural interventions (Mertens et al., 2022; Nisa et al., 2019).

Similarly, reviews on FWL have focused on behavioural interventions (Barker et al., 2021; Reisch et al.,
2021) or utilised rapid review methods to explore consumption-stage interventions for the academic
literature published between 2006 and 2017 (Reynolds et al., 2019). Only one recent systematic map has
studied both food consumption and food waste behaviours, providing a geographic analysis of where
current empirical research is concentrated (Reisch et al., 2021).

While each of the aforementioned studies make important individual contributions, the existing literature
falls short of providing a rigorous and holistic assessment of which climate solutions are most effective
in tackling climate change via shifts towards more sustainable diets and reductions in FWL by
individuals and households. As a result, generalisability and applicability of the emerging empirical
�ndings remains limited. In light of the increasing urgency for emissions reductions, coordinated
systematic evidence synthesis and quanti�cation of emissions mitigation potential is urgently needed to
inform robust, evidence-based climate solutions around the world.

Objective

The objective of this research is to conduct a machine-learning assisted systematic review and meta-
analysis of the empirical literature exploring the behaviour-change potential of demand-side interventions
targeting food consumption and food waste behaviours at the individual and household level. We focus
on two key areas of behaviour change which hold signi�cant emissions mitigation potential in the food
sector: (1) Shifting consumers towards sustainable food consumption and (2) avoiding food waste and
loss (Creutzig et al., 2022).

For the purpose of this review, we de�ne shifts to sustainable food consumption as any form of dietary
change which has the potential to reduce GHG emissions. This primarily includes dietary shifts which are
motivated by climate concerns but may also encompass behaviour change stemming from alternative
motives such as improving one’s health, animal welfare and limiting biodiversity loss, provided that
climate co-bene�ts can be explicitly identi�ed and quanti�ed. We de�ne avoiding food waste and loss
(FWL) as any behaviour change aimed at reducing edible food that is wasted or lost by the consumer at
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the end of the supply chain (i.e., in the consumption phase). In addition to providing an average estimate
for the effectiveness of demand-side interventions, the meta-analysis will also try to explore the relative
effectiveness of different policy instruments and heterogeneity in different contexts, countries, and
settings.

This systematic review and meta-analysis will form part of an “ecosystem of reviews”, a set of
coordinated systematic reviews exploring the empirical literature exploring the effectiveness and
mitigation potential of demand-side interventions to induce household-scale behaviour change, across a
range of key polluting sectors (including transport, buildings and manufacturing;). All reviews within the
“ecosystem” will follow a set of harmonised decision criteria (see Table 1) which were jointly developed to
facilitate inter-review consistency of the screening protocol. The decision criteria align the reviews on key
aspects (where applicable), including the research question and inclusion criteria across PICOS domains.
Moreover, the reviews will utilise a consistent machine-learning assisted screening procedure developed
to e�ciently screen and synthesise large volumes of literature. The initiative, led by the Mercator Centre
for Climate Change (MCC) in Berlin, will strengthen our understanding of the emissions-mitigation
potential of demand-side climate change policies and contribute towards broader evidence synthesis
efforts for upcoming IPCC Assessment reports.

Research Question

The primary research question of this study is: How effective are demand-side interventions/policies in
shifting individuals/households towards more sustainable food consumption (i.e. diets and food
consumption choices which have the potential to reduce GHG emissions) and/or avoiding (i.e. reducing)
food waste and loss.

Reagents

Equipment

Procedure
Screening Protocol

Procedure

1.0 Objective

The objective of this protocol pre-registration is to outline a clearly de�ned screening protocol following
best practice guidance on rigorous evidence synthesis (The Campbell Collaboration, 2020) and RepOrting
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Standards for Systematic Evidence Syntheses (ROSES). The development of the research question,
inclusion and exclusion criteria as well as the search string are guided by the ecosystem of review’s
harmonised decision criteria (see Figure 1) and further speci�ed using the PICOS framework: population
(P), intervention (I), comparator (C), outcome (O) and study type (S).

2.0 Scoping

In the initial scoping phase, the research team jointly identi�ed a subset of 20 articles which were
considered relevant, in order to identify and re�ne appropriate search terms. Articles were selected in line
with the harmonised decision criteria and the study speci�c inclusion and exclusion criteria, informed by
the research team’s combined experience in conducting applied behavioural research in food policy
domains.

2.1 Bibliographic Databases

The search will be conducted on a set of scienti�c bibliographic databases, including Web of Science,
Scopus, MEDLINE and the academic search engine Google Scholar. We will screen the �rst 1000 results
of the search output from Google Scholar.

3.0 Search String

The search string (see Figure 2) was jointly developed by the research team in an iterative process. The
�nal search string consists of four substrings, linked by the Boolean Operator “AND”, seeking to
incorporate multiple elements of the PICOS criteria. The �rst substring de�nes the population. The second
substring refers to the outcomes of interest and is subdivided into multiple components, linked by
Boolean Operator "OR", for food consumption, dietary change and food waste and loss. The third
substring de�nes the interventions of interest, and the fourth substring speci�es the study type. The
search string will use �eld tags to simultaneously search title, abstract and author keywords.

3.1 Languages

The search will be conducted in English, based on an English search string. Relevant non-English papers
will be included, based on the languages represented in the research team, if they can be retrieved using
the English search string. These include studies published in German, Italian, Portuguese, for which at
least two authors in the research teams have su�cient working pro�ciency.

4.0 Article Screening and Study Inclusion Criteria

The review includes scienti�c literature from bibliographic databases (see section 2.1) and grey literature
from the REPEC (EconPapers) repository, as well as publicly available reports published by specialist
organisations and institutions conducting research on food consumption and FWL. REPEC (EconPapers)
will be searched using a shortened version of the search string, while websites of specialist organisations
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and institutions will be searched manually. The search string is also adapted for searches in Google
Scholar (250 characters).

4.1 Screening strategy

The screening strategy combines both conventional elements of a manual screening procedure and novel
machine-learning assisted screening.[1]After the initial search is completed, retrieved documents will be
uploaded to a customized platform, MCC-APSIS for management and screening. The research team �rst
compiled a training database of relevant studies (see Figure 3) which is subsequently used to develop
and iteratively re�ne a machine learning model which sorts the retrieved literature by predicted relevance.
A detailed description of the machine-learning assisted screening procedure employed in this review is
provided in van de Schoot et al. (2021) and Callaghan and Müller-Hansen (2020).

Prioritised articles will �rst be screened at the title and abstract level. Each article will be screened by two
independent members of the research team, at this level. Articles which meet all relevant inclusion criteria
will subsequently be screened at the full-text level. Screening responsibilities will be split between all
members of the research team.

Eligibility of articles/studies will be assessed, in �rst instance, at the article level. However, if articles
report on multiple individual studies, �nal eligibility decisions will be at the level of the individual study. If
several articles report on the same study, these will be grouped together and screened for eligibility as a
single unit.

Inter-rater reliability and consistency will be assessed at the title and abstract level using Cohen’s Kappa
and at the full-text level using Fleiss’ Kappa.

4.2 Inclusion & exclusion criteria

To de�ne inclusion and exclusion criteria we follow the well-established PICOS framework (population,
intervention, comparator, outcome study type) (The Campbell Collaboration, 2020). Articles written in
languages that the authors are pro�cient in (English, German, Italian, Portuguese), and for which a full
text is available will be considered. See Figure 4 for a detailed overview of all inclusion and exclusion
criteria.

Population

Included are studies which observe food consumption or FWL behaviours of individuals or households at
the individual or aggregate level, in any relevant food choice setting. These may include both real-world
settings (supermarkets, restaurants, cafeterias) or (online) experimental settings.

Excluded are studies which observe food consumption or waste behaviours of organizations, institutions
or other private or public actors which are not individuals or households.

Intervention

https://protocolexchange.researchsquare.com/article/pex-2070/private/draft#_ftn1
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This study takes a broad approach. Included are studies that examine at least one of the following
interventions targeted at changing behaviour: (1) Monetary interventions, (2) Informational and/or
educational interventions, (3) behavioural interventions, (4) command-and-control regulation. These
interventions can be initiated by public, private or public-private actors. Interventions can be targeted at
achieving any policy objective (e.g. reducing emissions, improving public health), provided that potential
climate bene�ts or co-bene�ts can be separated and quanti�ed, in line with the “shift” and “avoid”
conceptualisation discussed above. If multiple interventions are tested within the same study, these are
assessed separately. If multiple interventions are tested in combination (and their effects cannot be
separated), these will be coded as such (e.g., tax + labelling). If the study has a multi-phase intervention
design, each phase/intervention is assessed relative to the baseline phase.

Excluded are studies that evaluate interventions that do not fall within the four categories of
interventions, or studies that do not evaluate any intervention/policy.

Comparator

Included are studies that have a valid comparison group as a benchmark to which the effectiveness of
the treatment intervention can be compared. This includes randomly assigned control groups in
experimental studies, or statistically constructed or selected control groups in quasi-experimental studies.
In pre-post (time-series) designs, the level of behaviour prior to intervention is considered a valid
comparison group.

Excluded are studies that do not have a valid comparison group. Experimental studies where treatment is
compared to another treatment group (i.e., no control group is available), will also be excluded.

Outcome

Included are studies that measure actual behaviour or incentive-compatible choices provided that their
outcomes entail potential emissions reductions and can be categorised as “shifting” consumers towards
sustainable food consumption or “avoiding” food waste and loss. Outcomes are incentive-compatible if
they provide an incentive for individuals or households to truthfully reveal their choice or level of
behaviour. For instance, a food choice in an experimental online store is considered incentive-compatible
if the subject subsequently receives, or has a probability of receiving, the chosen alternative.

Excluded are studies that measure purely hypothetical or non-incentive-compatible choices or any other
outcome unrelated to ‘shifting’ food consumption or ‘avoiding’ food waste. Excluded are studies which do
not allow climate bene�ts to be assessed.

Study Type

Included are studies that make use of an experimental design with treatment and comparison groups,
utilise quasi-experimental methods or pre-post intervention designs.
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Excluded are descriptive, conceptual, theoretical and qualitative studies, as well as stated preference
studies (e.g. choice experiments), simulation and other modelling studies.

5.0 Coding of meta-data

The coding protocol will be jointly developed by the research team prior to full-text screening.

6.0 Critical Appraisal

To assess the overall con�dence in evidence, all studies that meet the inclusion criteria outlined above
will undergo a critical appraisal of study quality using a procedure adapted from common approaches
outlined in Sterne et al. (2016; 2019).

[1] https://zenodo.org/record/4121526

Troubleshooting

Time Taken

Anticipated Results
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Figure 1

Summary of harmonised decision criteria



Page 12/14

Figure 2

Full Boolean Search String
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Figure 3

Publications used to develop keywords for search strings
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Figure 4

PICOS framework summary of inclusion and exclusion criteria


