
nutrients

Systematic Review

The Impact of Environmental Sustainability Labels on
Willingness-to-Pay for Foods: A Systematic Review and
Meta-Analysis of Discrete Choice Experiments

Anastasios Bastounis 1,2, John Buckell 1,3, Jamie Hartmann-Boyce 1, Brian Cook 1,*, Sarah King 1, Christina Potter 1,
Filippo Bianchi 1, Mike Rayner 3 and Susan A. Jebb 1

����������
�������

Citation: Bastounis, A.; Buckell, J.;

Hartmann-Boyce, J.; Cook, B.; King,

S.; Potter, C.; Bianchi, F.; Rayner, M.;

Jebb, S.A. The Impact of

Environmental Sustainability Labels

on Willingness-to-Pay for Foods: A

Systematic Review and

Meta-Analysis of Discrete Choice

Experiments. Nutrients 2021, 13, 2677.

https://doi.org/10.3390/nu13082677

Academic Editors:

Joerg Koenigstorfer and

Daniela Martini

Received: 4 June 2021

Accepted: 23 July 2021

Published: 31 July 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Nuffield Department of Primary Care Health Sciences, University of Oxford, Radcliffe Observatory Quarter,
Woodstock Road, Oxford OX2 6GG, UK; Anastasios.Bastounis1@nottingham.ac.uk (A.B.);
john.buckell@ndph.ox.ac.uk (J.B.); Jamie.hartmann-boyce@phc.ox.ac.uk (J.H.-B.);
seking100@googlemail.com (S.K.); Christina.Potter@Nicklaushealth.org (C.P.);
filippo.bianchi@phc.ox.ac.uk (F.B.); susan.jebb@phc.ox.ac.uk (S.A.J.)

2 Division of Epidemiology & Public Health, School of Medicine, University of Nottingham, City Hospital,
Hucknall Road, Nottingham NG5 1PB, UK

3 Nuffield Department of Population Health, University of Oxford Richard Doll Building, Old Road Campus,
Oxford OX3 7LF, UK; mike.rayner@ndp.ox.ac.uk

* Correspondence: brian.cook@phc.ox.ac.uk

Abstract: Food production is a major contributor to environmental damage. More environmen-
tally sustainable foods could incur higher costs for consumers. In this review, we explore whether
consumers are willing to pay (WTP) more for foods with environmental sustainability labels (‘eco-
labels’). Six electronic databases were searched for experiments on consumers’ willingness to pay
for ecolabelled food. Monetary values were converted to Purchasing Power Parity dollars and
adjusted for country-specific inflation. Studies were meta-analysed and effect sizes with confidence
intervals were calculated for the whole sample and for pre-specified subgroups defined as meat-
dairy, seafood, and fruits-vegetables-nuts. Meta-regressions tested the role of label attributes and
demographic characteristics on participants’ WTP. Forty-three discrete choice experiments (DCEs)
with 41,777 participants were eligible for inclusion. Thirty-five DCEs (n = 35,725) had usable data
for the meta-analysis. Participants were willing to pay a premium of 3.79 PPP$/kg (95%CI 2.7, 4.89,
p ≤ 0.001) for ecolabelled foods. WTP was higher for organic labels compared to other labels. Women
and people with lower levels of education expressed higher WTP. Ecolabels may increase consumers’
willingness to pay more for environmentally sustainable products and could be part of a strategy to
encourage a transition to more sustainable diets.

Keywords: willingness to pay; sustainable; organic; meta-analysis; ecolabels

1. Introduction

Food production systems are one of the main contributors to environmental degrada-
tion across the globe [1]. The United Nations Sustainable Development Goals framework
calls for governments to foster more sustainable food production systems [2,3]. However,
changing food production systems to enhance environmental sustainability may impose
costs which, in turn, may be passed on to consumers [4]. Price is a significant determinant
of consumer behaviour [5]. Higher prices reduce demand [6] and price reductions are a
common strategy to increase sales [7]. It follows that higher prices for environmentally
sustainable products may deter consumers, which could be a barrier in the transition to
more sustainable food systems.

One way to potentially mitigate the impact of higher prices when consumers are
choosing between more and less environmentally sustainable products would be to in-
crease the appeal of the more sustainable option. One way of doing this is through the
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use of environmental impact labels on products (hereafter, ecolabels), to highlight more
(or less) sustainable products [8,9]. Providing consumers with accurate and detailed in-
formation about environmental impacts can help raise their awareness and support more
informed product choices. The addition of labels may also prompt businesses to reduce
the environmental impacts of their products to avoid potentially negative public attention
and reduced sales.

In a companion review, we found that ecolabels can increase the selection and purchase
of more environmentally sustainable food and drink products, regardless of message type
(e.g., organic or “environmentally friendly”) and format (e.g., text or logo) [10]. Though
some studies have tested consumers’ willingness to pay (WTP) for ecolabelled products [11],
there is a lack of consolidated data on how exposure to different types of ecolabels affects
the perceived value of a product, expressed in monetary terms, and whether this varies
with demographic variables such as age, gender, income, or for different types of products.

The aims of this review are: (i) to systematically review and quantitatively synthesise
the experimental evidence regarding the prices that consumers are willing to pay for
foods, including milk, with an ecolabel compared to products without ecolabels; (ii) to
explore whether consumers’ willingness to pay for labelled foods/milk changes as a result
of different messages/ecolabel attributes (e.g., certification); and, (iii) to investigate the
associations between demographic variables and WTP.

2. Materials and Methods

We conducted a systematic review and meta-analysis of discrete choice experiments.
Reporting follows the preferred reporting items for systematic reviews and meta-analyses
(PRISMA) checklist [12]. The protocol was pre-registered with PROSPERO (CRD42018094330).
The methods for searching, screening, and data extraction followed those described in the
Cochrane Handbook for Systematic Reviews of Interventions [13].

2.1. Eligibility Criteria and Search Strategy

The search strategy was developed alongside a companion review in collaboration
with an experienced librarian (N. R.) [10]. Initially, we searched EMBASE, MEDLINE,
PsycINFO, Social Science Citation Index (SSCI), CAB Abstracts, the Cochrane Controlled
Register of Trials (CENTRAL), and the Cochrane Database of Systematic Reviews from
inception to 20 April 2019 using a combination of Medical Subject Headings (MeSH terms)
and free-word terms in three key areas: (i) intervention characteristics (e.g., ecolabels),
(ii) conditions of interest (e.g., eating preferences, diets), (iii) outcomes (e.g., “willingness to
pay”, purchase), and (iv) method of analysis (e.g., discrete choice modelling, conjoint-based
analysis). The detailed search strategy is available in Appendix B. An updated, more
precise, follow-up search adding in search filters specific to studies measuring willingness
to pay was conducted on 8 November 2019 using the same databases. The search filters
consisted of the following terms: ‘discrete choice experiment,’ ‘discrete choice experiments’,
‘discrete choice modelling’, ‘discrete choice conjoint experiment’, ‘discrete-choice experiment’,
‘discrete-choice experiments’, conjoint analysis’, ‘conjoint measurement’, ‘conjoint studies’,
‘conjoint choice experiment’, ‘conjoint choice experiments’, ‘Best-Worst Scaling’, ‘Best Worst
Scaling’, ‘MaxDiff Scaling’, ‘Maximum Difference Scaling’, ‘Contingent valuation’.

We included studies that provided measures of consumers’ WTP through in-person
interviews/questionnaires in two settings, stores/supermarkets and virtual environments
(e.g., online experimental platforms). We included DCEs that evaluated the effects of
ecolabels on consumers’ WTP for foods, including milk, which compared ecolabels to no
label or to other labels unrelated to the environment e.g., health labels. Eligible ecolabels
were classified as: (i) labels conveying messages relevant to organic production of foods and
milk, or (ii) labels conveying messages relevant to environmental sustainability attributes
of foods and milk (such as carbon dioxide emissions, water efficiency, land use, pesticide
use, and the impact of production methods on biodiversity). All formats of ecolabels (i.e.,
text, logo, combined) were eligible for inclusion. For studies in which there were multiple
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intervention arms, only data comparing the intervention to the control (no ecolabel) arms
were analysed. No restrictions on population or geography were imposed. Only studies
published in English were eligible for inclusion in this review. The outcome of interest was
the monetary value that respondents place on the presence of the ecolabel on a product
(i.e., how much people are willing to pay for it) over and above a product with no such
labelling, expressed as the marginal WTP (MWTP) [14].

We contacted authors for further information when full-text articles were not available,
there was insufficient information provided for the inclusion criteria to be applied, or there
were insufficient details reported on the outcomes. Authors were contacted twice before
a decision was made. In total, 17 authors were contacted and we received replies from
12 (71% response rate). Lack of reply from some authors or inability of some authors to
provide the requested information led us to exclude eight studies from the meta-analysis;
these are reported narratively [15–22].

2.2. Data Extraction and Quality Assessment

Following the initial screening of titles and abstracts, full-texts of all potentially rele-
vant studies were assessed for inclusion independently by two reviewers. Disagreements
were resolved through discussion or referral to a third reviewer. Two independent re-
viewers (AB and SK/CP/FB) conducted full-text screening with a high-level of agreement
(κ = 0.96). Two reviewers extracted data independently and disagreements were resolved
through discussion (level of agreement in extraction phase > 85%). A predefined, pilot-
tested data extraction form was used, including information on study authors and funding
sources, consumers’ demographic characteristics, setting (in-person or online), intervention
and comparator characteristics, the method for assessing the outcome type of products,
characteristics of the DCEs analysis (e.g., DCE design, estimation procedures, and vali-
dation tests), numerical outcome data (e.g., MWTP in monetary value per unit [e.g., per
kg], plus any available measure of variability or percentage of difference in MWTP where
this was available) at any available assessment point. Two study authors independently
assessed the quality of included DCEs, using the International Society for Pharmacoeco-
nomics and Outcomes Research (ISPOR) checklist [23,24]. The assessment of the quality of
reporting of the included DCEs targeted the following categories: (i) study perspective and
research question, (ii) choice of attributes and levels, (iii) construction of tasks, (iv) choice
of experimental design, (v) method for eliciting consumers’ preferences, (vi) data collec-
tion instrument, (vii) data collection plan, (viii) statistical analyses and model estimation,
(ix) validity of results, and (x) quality in reporting the findings.

As most studies reported demographic characteristics using categories (e.g., 32% of
participants were <35 years of age, 68% were >35 years of age) rather than means (e.g., the
average age of participants was 52.3 years), we treated demographic variables as categorical
predictors (e.g., percentage within specific ranges) in our meta-analyses. We extracted
and analysed demographic data based on ranges to use as much of the data as possible.
Studies that reported means or medians of consumers’ demographic characteristics were
not included in the analysis of demographic factors as the form of the data would not allow
for this.

2.3. Data Analysis

Country-specific mean MWTP for foods were transformed to purchasing power
parity dollars (PPP$), using the Organization for Economic Cooperation and Development
(OECD) database [25]. Based on the World Bank database [26], the PPP$ values were
adjusted to country-specific inflation rates (ex post), using 2018 as the base year. When the
year was not reported, we proxied the year using the year that was two years before the
study was published. Although the ex post estimation is not the only method for adjusting
WTP values to inflation rates [27], it has been suggested as the preferred method [28] and
has been used previously [29]. All effect sizes imported in the analysis were standardised
to a single measurement unit (per kilogram), as mass was the most reported measure
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used across the studies. When confidence intervals were reported as the sole measure of
variation for an effect size, they were transformed to PPP$, and in turn, were converted
to standard errors. When only standard errors were reported in the original text, we
kept the reported standard errors as the best approximation of variability. For those
studies reporting a median estimate, the mean MWTP estimates were calculated from
the interquartile range. When MWTP was expressed as a percentage [30–33], we used
country-specific indexes and calculated an approximation of MWTP based on the products
reported in each study. For those studies using consumer segmentation techniques based
on variables that were relevant to the research questions (e.g., organic versus non-organic
users, consumers segmented based on demographic characteristics or knowledge about
ecolabels), the different consumer groups were combined, where this was possible, in order
to obtain a pairwise comparison between intervention and control conditions. When the
necessary information was not available, all eligible subgroups were imported into the
analysis. In one study [34], the segmentation was not based on consumers’ characteristics
(the origin of the product was used). In this study, the different subgroups were meta-
analysed using a fixed-effects model in order to obtain two pairwise effect sizes (i.e., one
for the control and one for the intervention arm regardless of the origin of the product).

Data analysis was performed using Stata Version 16 [35]. Mean differences of MWTP
(ecolabel vs. non-ecolabel) were computed for all of the included studies. A random-effects
model (DerSimonian–Laird method) was adopted to capture study-specific effects [36]. We
conducted a post-hoc subgroup analysis for each of our pre-specified subgroups; meat-
dairy, seafood, fruits-vegetables-nuts. A meta-regression was pre-planned and conducted.
The dependent variable was the reported MWTP, in PPP$ per kilogram, for food/milk prod-
ucts. Predictor variables included the setting within which each study was conducted (i.e.,
online or in-person), intervention attributes (i.e., message, format, and certification), and
demographic characteristics (i.e., age, gender, income, education). The setting where the
DCEs were conducted was coded as a dichotomous variable (0 = online, 1 = in-person), the
type of product was treated as a categorical variable (1 = meat and dairy, 2 = seafood/fish,
3 = vegetable, fruits, and nuts), ecolabel certifications were coded as a dichotomous vari-
able (0 = no certified, 1 = certified), message type was coded as a categorical variable
(1 = organic, 2 = environmental sustainable, 3 = both), and the format of the label was
coded as a categorical variable (1 = text, 2 = logo, 3 = both). All the demographic predictors
were treated as continuous variables (percentages within pre-specified ranges, please see
Appendix A).

3. Results

The search yielded 2904 abstracts following the removal of duplicates. Screening of
title and abstracts resulted in 122 full-text articles for eligibility assessment, of which 43
were included in the review and 35 in the meta-analysis (Figure 1). Studies were excluded
if they did not employ “willingness-to-pay” as an outcome measure or used a study design
other than a discrete choice experiment.

3.1. Description of Studies

In total, 43 published papers reported 54 DCEs, representing data from 41,777 partici-
pants (Appendix A). Included in the meta-analysis were 35 papers reporting results from
35,725 participants. Five studies reported results from DCEs conducted in different coun-
tries. Ten papers reported studies conducted in North America, one in Central America,
five in Japan, seven in China, one in Vietnam, one in Australia, five in the UK, and eighteen
in Europe (see Appendix A for specific study locations).

The reference groups for demographic characteristics are: (i) percentage of consumers
aged less than 40 with most of them aged up to 35, (ii) percentage of females, (iii) percentage
of consumers with a household income at the lowest quartile according to the county
where each DCE was conducted, and (iv) percentage of consumers with an undergraduate
education or higher.
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Figure 1. PRISMA flow diagram.

3.2. Characteristics of Studies Included in the Meta-Analysis

Of the thirty-five papers included in the meta-analysis, twenty reported studies were
conducted in an online environment. In-person interviews and/or hard copy question-
naires in virtual environments or in front of stores/supermarkets were used to collect data
in fifteen papers. Ten papers reported studies that tested the effects of ecolabels on meat
and dairy products, eleven papers reported studies on seafood and aquaculture products,
and fifteen papers reported studies on vegetables, fruits, or nuts (Appendix A).

In sixteen papers, intervention conditions included ecolabels conveying an organic
message only. Ten studies tested the effects of displaying values for specific environmental
impact indicators, including CO2 emissions, water, land, pesticide use, and biodiversity
loss. Nine studies tested the effects of both organic and environmental sustainability
messages. Twenty-one out of thirty=five studies displayed a specific certification label,
most commonly the USDA organic certification or MSC sustainable fisheries label. Ten
studies tested an ecolabel combining different schemes (see Appendix A).

The majority of participants were female (approximately 60%); a third (35%) were
under 35 years old; 48% were highly educated (had attended tertiary education); and 25%
of participants reported a household income equal to or lower than the lowest national
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quartile. These percentages were similar between the participants included in the meta-
analysis and those included in the qualitative synthesis only (Appendix A).

3.3. Quality Assessment

All studies scored well against the International Society for Pharmacoeconomics and
Outcomes Research (ISPOR) conjoint analysis checklist. The median score was 25 out of
30 and the range was from 21 to 28. Missing information was observed in the following
categories: (i) elicitation format (category 5.2), (ii) respondents’ characteristics (category
8.1), and (iii) quality of responses (category 8.3).

3.4. Meta-Analysis

In the primary analysis, thirty-five studies provided one-hundred-and-twenty-nine
mean MWTP estimations. The mean MWTP for ecolabelled foods was 3.79 PPP$/kg, 95%CI
= [2.7, 4.89], p ≤ 0.001, I2 = 100%, Tau2 = 39.46, df = 128, and p < 0.0001. Heterogeneity
in the effects remained high even after excluding studies with the smallest effect sizes
(I2 = 100%, Tau2 = 40.02, df = 113, and p < 0.0001). This heterogeneity was driven by
magnitude rather than the direction of effect and will likely include geographic differences
between studies and differences in the base price of products. Of the one-hundred-and-
twenty-nine effect estimates, only five were in the direction indicative of a lower WTP for
ecolabelled products.

As serving size varies substantially between food groups we also conducted post
hoc subgroup analyses to illustrate our main outcome (PPP$/kg) within each of our
three pre-specified food categories. The MWTP for ecolabelled meat/dairy products was
9.24 PPP$/kg (95%CI: 7.21, 11.28); for seafood 2.71 PPP$/kg (95%CI: 2.3, 3.13); and for
fruits, vegetables, and nuts 0.72 PPP$/kg (95%CI: 0.62, 0.82). Heterogeneity remained high
(>99.5%) within each subgroup.

3.5. Meta-Regression

Two pre-planned meta-regression models were conducted, testing the effects of inter-
vention characteristics and demographic variables on the observed mean difference, and
controlling for product type (see Table 1).

Table 1. Meta-regression results (measuring MWTP in PPP$/kg).

Meta-Regression 1
Interverntions’ Characteristics Coefficients

(95%CI)

Meta-Regression 2
Participants’ Characteristics Coefficients

(95%CI)

Setting(in-person interview/questionnaire) 3.48 * (0.14, 6.82)Message(reference group: Organic)

Sustainability −3.62 * (−6.79, −0.44)

Combined −2.60 (−6.52, 1.32)

Certification(reference group: certification label
present) 2 (−1.19, 5.21)

Format (reference group: text format)

Label −0.72 (−4.65, 3.2)

Combined −0.84 (−4.15, 2.46)

Age 6.6 (−13.48, 26.7)

Gender: Female 28.25 *** (12.83, 43.67)

Income 3.25 (−14.29, 20.81)

Education −28.81 *** (−36.95, −20.67)

Obs. 129 39

R2 (%) 7.45 56.41

T2 53.19 11.27

I2 (%) 100 100

Note: Dependent variable is M WTP for labelled food and milk. *, *** indicate statistical at 0.05 and 0.001, respectively.
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Meta-regression models 1 and 2 have tested the effects of intervention and demo-
graphic characteristics, respectively, controlling for the product type.

All intervention characteristics tested, except certification labels and label format, were
associated with differences in MWTP for ecolabelled foods and milk. The MWTP was also
associated with the type of environmental sustainability messages. Sustainability labels
were associated with lower MWTP compared to organic labels. Gender and education
were associated with participants’ MWTP (Table 1). Women were willing to pay more than
men for food/milk products with an ecolabel. Higher education was associated with lower
MWTP for labelled food/milk products. Neither age nor income were associated with
MWTP. Heterogeneity remained high across the different meta-regression models (Table 1).

3.6. Studies Excluded from the Quantitative Synthesis

Some studies did not present data in a way that could be included in the meta-
analysis and these were considered separately. In line with the results of the main analysis,
participants in all of these studies were willing to pay more for food and drinks with
ecolabels (see Appendix A). In five of these studies, a known certification scheme was
used [15,16,18,20,22] while three studies tested both organic and environmental sustainabil-
ity labels [20–22]. In one study, negatively framed environmental sustainability messages
resulted in lower MWTP [19].

4. Discussion

This meta-analysis showed that participants report a willingness to pay more for
foods with an ecolabel. When measured as PPP$/kg, this effect was stronger for meat
and dairy products compared to seafood, nuts, vegetables, and fruits. Organic labels
were valued more highly than more specific environmental sustainability labels. Female
participants and those from lower educational backgrounds were willing to pay a greater
price premium for foods with an ecolabel.

A number of methodological, intervention, and demographic variables were associ-
ated with participants’ WTP. We observed a higher MWTP for meat and dairy products
compared to other food types which is consistent with a recent meta-regression of WTP for
local food which found higher WTP for animal products and processed products compared
to produce [9]. While food production, in general, can have negative health, social, and
environmental implications, it may be that these issues are seen to be more relevant to
consumers for meat than any other foods. Animal welfare, environmental impact, food
safety, and health warnings have all been, and continue to be, common themes in public
debates about meat, and less so about foods such as seafood or produce. Consumers
may, therefore, be more open to paying a premium for meat that claims to eliminate these
concerns to reduce the cognitive dissonance associated with meat consumption. However,
since meat is typically consumed in relatively small quantities compared to other food
groups, it is unclear whether this is an artefact of the measure we used (PPP$/g) and may
not be present if using a different measure, e.g., PPP$/kcal. There were insufficient data in
this study to investigate this.

Products with an organic certification label were associated with higher MWTP com-
pared to products conveying other types of messages; consistent with results from our
companion review of selection, purchase, and consumption outcomes [10]. Organic certifi-
cation labels have a much longer history compared to other labels included in this analysis,
dating back to the 1980s in some countries. This likely increases consumer familiarity and
trust with these labels as opposed to other claims. They may also signify wider attributes
associated with product quality which speak to consumer values other than environmental
sustainability that were not measured here.

A combined ecolabel format (text and logo) was associated with higher MWTP com-
pared to single-format ecolabels. However, these effects should be interpreted cautiously,
given the inconsistent effect sizes in the meta-regressions and the fact they are derived
from indirect comparisons.
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Meta-regressions showed significant associations between participant characteristics
and WTP for foods with an ecolabel. In line with a recent study [37], female and younger
participants were found to be more responsive to ecolabels compared to male and older
participants, respectively. In our review of selection, purchase and consumption outcomes,
women also seemed more receptive to ecolabels, but results regarding age were mixed [10].

Other research has shown that women have a greater level of environmental concern
and are more likely to adopt pro-environmental behaviours compared to men. In the
current review, consumers aged up to 40 years were found to be more responsive to
ecolabels; however, these findings should be interpreted cautiously as only 39 out of
129 effect sizes contributed to the analysis. There was evidence that people with lower
levels of education exhibited higher WTP than those with higher education. However, the
experimental nature of all of the studies included here means that the sample is biased
towards participants with higher levels of education. In addition, the hypothetical scenarios
may not be fully representative of true purchasing behaviour.

To the best of our knowledge, this is the first systematic review to quantitatively
synthesise the evidence from discrete choice experiments regarding the effects of ecolabels
on participants’ MWTP. This review has several strengths. It was based on a pre-registered
protocol and conducted in accordance with Cochrane methods. It also provides WTP
estimations in an equalised purchase power unit (base year: 2018), facilitating the interpre-
tation of the results across countries, populations, and conditions.

4.1. Limitations

However, there are some limitations. First, we limited the search to discrete choice
experiments and comparable approaches (such as best–worst scaling) as these are the
most common experimental methods for eliciting WTP. WTP valuations derived from
other approaches (such as experimental auctions) are not comparable due to differences
in study design and were excluded. However, even endeavouring to synthesise these
broadly comparable studies, the unexplained heterogeneity was high. This limits the
generalisability and certainty of our findings, though the direction of effect was remarkably
consistent across comparisons. Second, only databases of studies published in English
were searched at follow-up. Finally, we used data solely derived from DCEs based on
stated preference data. This study design is thought to yield upward-biased estimates
of WTP14. As such, our estimates might be better thought of as an upper limit on WTP.
However, this is less likely to affect the relative importance of features in the subgroup
analysis and meta-regressions.

4.2. Conclusions

These results show that consumers are willing to pay more for environmentally sus-
tainable products. In combination with our previous review [10], which showed that
ecolabels can increase the selection and purchase of food products, these comprehensive
reviews of the corpus of evidence suggest ecolabels are a promising strategy to encourage
more sustainable purchasing. However, most of the research to date is based on experi-
mental studies in virtual settings. Further research is needed directly comparing different
formats and types of ecolabels in real-world settings to provide more robust evidence
of effectiveness.
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Appendix A

Table A1. Characteristics of studies included in the review.

Study ID Country N Setting
(O or I) Product Message Type Certification

Label
Format
(T or L)

Age
(% < 35–40) Gender (%F)

Income
(% below
National
Average)

Education
(% Tertiary)

Price Premium Estimates
(Currency/

Unit of Measurement)

Aizaki, 2013
[38] Japan 624 O Milk Sustainable P (GAP) T 47.8 72.4 NR NR

“Simple explanation” condition
(JP¥/l):

16.2; 17.6; 13.1; 12.7

“Detailed explanation”
(JP¥/l):

34.7; 19.6; 13.8; 9.7

Akaichi, 2016
[39]

Scotland,
France,

Netherlands
S: 100, F: 95, N:

52 I Bananas Organic; CO2

P
(Organic—Soil

Association)
Both S: 28; N: 25;

F: 46
S: 73; N: 75; F:

65
S: 39; N: 38; F:

38
S: 83; N: 75;

F: 83

Organic (€/banana):

S: 0.08; N: 0.09; F: 0.13;

CO2 (€/banana):

S: 0.09; N: 0.12; F: 0.12

Anakamah-
Yeboa, 2018

[40]
Germany 610 O Trout Organic;

sustainable

P
(Organic—EU);

P
(Sustainable—

ASC)

Both 33.61 60.33 34.59 28.2
Organic: 4.54 €/kg

Sustainable: 10.03 €/kg

Banovic, 2019
[41]

France,
Germany, Italy,

Spain, UK

F: 314; G: 318; I:
337; S: 313; UK:

316
O

Aquaculture
product

(fresh/chilled,
smoked,
canned)

Sustainable
P

(Sustainable—
ASC)

L
F: 49.7; G:

49.1; I: 50.1;
S: 50.2; UK:

49.7

F: 50; G: 50.3; I:
48.1; S: 49.2;

UK: 50.3

F: 20.7; G: 23.3;
I: 22.3; S: 15.7;

UK: 21.5

F: 49.4; G:
44.3; I: 43; S:
55; UK: 48.4

Fresh/chilled (€/300 g.):

F: 0.27; G: 0.8. I: 0.44. S: 0.3; UK:
0.30

Smoked (€/300 g.):

F: 0.16; G: 0.39; I: 0.16; S: 0.25; UK:
0.37

Canned (€/300 g.):
F: 0.25; G: 0.71; I: 0.16; S: 0.48; UK:

0.43

Bienenfeld,
2014 [42] USA 2382 O Cereal

Organic;
Sustainable;

Mixed

P (Organic-
USDA) Both NR NR 24 38.6

Organic ($/package):

2.76; 2.23; 2.06; 1.56; 2.53; 1.76

Sustainable ($/package):

1.74; 1.55

Mixed ($/package):

2.15; 2.51; 2.03; 2.08; 1.56; 1.59; 1.5;
1.72
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Table A1. Cont.

Study ID Country N Setting
(O or I) Product Message Type Certification

Label
Format
(T or L)

Age
(% < 35–40) Gender (%F)

Income
(% below
National
Average)

Education
(% Tertiary)

Price Premium Estimates
(Currency/

Unit of Measurement)

Bronnmann,
2018 [15]

(additional
data was

extracted from
Bronnmann
et al., 2017)

Germany 485 I

Fresh/frozen
Turbot fillet

Fresh/frozen
Salmon fillet

Sustainable P (MSC; ASC) L 39 58 30 62

Product: Turbot

Uninformed consumers (€/250
g.):

ASC: 0.68; MSC: 4.99

Informed consumers (€/250 g.):

ASC: −4.02, MSC: 8.38

Product: Salmon

Uninformed consumers (€/250
g.):

ASC: 3.71; MSC: 2.74

Informed consumers (€/250 g.):

ASC: 4.6, MSC: 4.29

Caputo, 2018
[43] Belgium 257 O Chicken breast

Organic;
Sustainable

(20% reduction
CO2; 30%

reduction CO2)

P (Organic-EU;
local private)

T (CO2);
L (or-
ganic)

39 63 11 33

Organic—EU (€/kg): 9.63

Organic—local private (€/kg):
7.82

20% reduction (€/kg): 1.16

30% reduction (€/kg): 3.66

Carlucci, 2017
[44] Italy 800 O Oysters Organic A T NR 55.4 32.5 30.4 12.84 (€/half dozen)

Chen, 2015 [45] France 194 I
Cod, salmon,

monkfish,
pangasius

Organic;
sustainable

P
(Organic-AB);
P (sustainable-

MSC)

L NR NR NR NR
AB: 1.84 €/kg

MSC: 0.80 €/kg

De-Magistris,
2016 [16] Spain 171 I Almonds Organic P (EU) Both 26.4 51.9 28 37.3

Consumers segments (€/100 g.):

Segment 1: 0.27

Segment 2: 0.85

Segment 3: 1.22

Fernandez-
Polanco, 2013

[17]
Spain 196 I Seabream Sustainable A T NR 78 NR NR

Consumers segment (€/kg): 4.98

Retailers segment (€/kg): 3.04
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Table A1. Cont.

Study ID Country N Setting
(O or I) Product Message Type Certification

Label
Format
(T or L)

Age
(% < 35–40)

Gender
(%F)

Income
(% below
National
Average)

Education
(% Tertiary)

Price Premium Estimates
(Currency/

Unit of Measurement)

Fonner, 2015
[46] USA 378 I Salmon; crab Sustainable A T NR 59 13 73

Crab ($/lb): 1.88

Salmon ($/lb): 3.23

Gerrard, 2013
[18] UK 410 I Apples; eggs Organic

P (EU, Soil
Association
logo, OF&G

logo)

L NR 70 NR NR

Apples (£/NR)

EU logo: 0.24

Soil Association logo: 1.01

OF&G logo: 1.08

Eggs (£/)

EU logo: NR

Soil Association logo: 0.98

OF&G logo: 1.12

Grebitus, 2016
[19]

Canada &
Germany

C: 1551; G:
1579 O

Ground beef;
yogurt;

potatoes

Sustainable
(CO2 impact;
water usage)

A T NR 52 NR 30

Ground beef (Canadian$/kg)

Canada: −0.11 (CO2)

Canada: −0.22 (water footprint)

Germany: −0.23 (CO2)

Germany: −0.52 (water footprint)

Potatoes (Canadian$/kg)

Canada: −0.46 (CO2)

Canada: −3.8 (water footprint)

Germany: −1.45 (CO2)

Germany: −7.79 (water footprint)
Yogurt (Canadian$/750 g.)

Canada: −0.66 (CO2)

Canada: −1.08 (water footprint)

Germany: −0.73 (CO2)

Germany: −2.06 (water footprint)

Hearne, 2002
[30] Costa Rica 432 I Vegetables Sustainable;

Organic P (local labels) L NR 78 NR 65
Sustainability: +19.8%

Organic: +38.8%

Heng, 2016
[47] USA 589 O Eggs Organic P (USDA) T NR 58 11.84 43 0.39$/dozen
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Table A1. Cont.

Study ID Country N Setting
(O or I) Product Message Type Certification

Label
Format
(T or L)

Age
(% < 35–40) Gender (%F)

Income
(% below
National
Average)

Education
(% Tertiary)

Price Premium Estimates
(Currency/

Unit of Measurement)

James, 2009
[48] USA 1476 I Applesauce Organic P (USDA) L 25 47 NR 33

Consumer segments ($/24-ounce)

−0.01; −0.1; 0.31; 0.28

Khai, 2015 [49] Vietnam 818 I Rice Sustainable;
Organic A T NR 52 3 NR

Organic: 6511.789 VND/kg

Sustainable: 3030.355 VND/kg

Lim, 2018 [50] USA 1032 O Canned tuna Sustainable P (MSC) L NR 75 NR 39
Segments ($/can)

0.43, 0.49, 0.7, 1.13

Mamouni
Limnios, 2016

[51]
Australia 121 O Apples Sustainable;

Organic A T NR 77 8.26 78.52

Consumer segments ($/kg)

Organic purchasers: 0.016; −0.15;
3.47

Non-organic purchasers: −0.013;
0.57; 0.96; −0.08

Liu, 2017 [52] China 435 I Rice Organic;
Sustainable P (local labels) Both 41.61 63.22 69.43 NR

Organic (RMB¥/500 g): 2.96

Sustainable: (RMB¥/500 g): 2.35

Lombardi,
2017 [20] Italy 39 I Milk

Organic;
Sustainable
(reduction

CO2)

P (Organic –
EU) Both NR 60 NR NR

Organic (€/l): 0.57

Sustainable (€/l): 0.56

Mondelaers,
2009 [18] Belgium 529 I Carrots

Organic;
Sustainable

(reduction in
residues)

A

T (Or-
ganic);
Both
(Sus-
tain-
able)

NR NR NR 59.9
Organic (€/kg): 0.54

Sustainable (€/kg): 0.125

Olesen, 2010
[53] Norway 115 I Salmon Organic A L NR 58 NR NR 18.89NOK/kg

Risius, 2017
[54] Germany 676 I Beef Organic P (EU) Both 5 68 NR NR

Consumer segments according to
intervention conditions (€/200 g.)

3.18; 8.16

Rousseau, 2015
[55] Belgium 601 O Chocolate Organic P (EU) L 71.3 58.7 NR NR −0.37 (€/100 g.)

Rousseau, 2013
[56] Belgium 226 O Apples Organic A T NR 62 14 78 0.57 (€/kg)
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Table A1. Cont.

Study ID Country N Setting
(O or I) Product Message Type Certification

Label
Format
(T or L)

Age
(% < 35–40) Gender (%F)

Income
(% below
National
Average)

Education
(% Tertiary)

Price Premium Estimates
(Currency/

Unit of Measurement)

Sackett, 2016
[22] USA 1002 O Apples; steaks Organic;

Sustainable

P (Organic
–USDA); P

(sustainability
– Private third

party)

T NR 49 (apples); 52
(steaks)

20.8 (apples);
19.1 (steaks)

55.8 (apples);
33 (steaks)

Organic (USDA)—apple survey
($/lb): 0.05

Sustainable (private)—apple
survey ($/lb): 0.13

Organic (USDA)—steak survey
($/lb): 0.61

Sustainable (private)—steak
survey ($/lb): 0.9

Sakagami,
2006 [57] Japan 698 I Spinach Organic

P (government
and private

labels)
Both 22.6 82 NR NR

Government labels (JP¥/NR): 22;
28.7

Private label (JP¥/NR): 19.1

Tait, 2016 [31] Japan; UK 3624 (Japan);
3540 (UK) O Fruits

Sustainable
(different

levels of CO2
emissions
reduction;

different levels
of water

efficiency)

A T; Both NR NR NR NR

Interventions’ segments by
country (increase in %)

Carbon—text-only—UK: 39

Carbon—text plus graphic—UK:
35

Carbon—compass—UK: 29

Water—text-only—UK: 17

Water—text-plus graphic—UK: 21

Water—compass—UK: 15

Carbon—text-only—Japan: 35

Carbon—text plus
graphic—Japan: 23

Carbon—compass—Japan: 21

Water—text-only—Japan: 21

Water—text-plus graphic—Japan:
7

Water—compass—Japan: 7
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Table A1. Cont.

Study ID Country N Setting
(O or I) Product Message Type Certification

Label
Format
(T or L)

Age
(% < 35–40) Gender (%F)

Income
(% below
National
Average)

Education
(% Tertiary)

Price Premium Estimates
(Currency/

Unit of Measurement)

Tait, 2016 [32] China; India;
UK

C: 686; I: 695;
UK: 686 O Lamb

Gas emissions;
Water

management;
Biodiversity

P (outlined as
“certified
agency”)

T C: 13; I: 22;
UK: 29

C: 44; I: 71; UK:
50 NR C: 27; I: 89;

UK: 38

Interventions’ segments by
country (increase in %)

Water (C): 7

Gas emissions (C): 8

Biodiversity (C): 5

Water (I): 21

Gas emissions (I): 28

Biodiversity (I): 26

Water (UK): 6

Gas emissions (UK): 6

Biodiversity (UK): 4

Uchida, 2014
[58] Japan 3,370 O Salmon Sustainable A Both NR 72 36.5 44.1 89 (JP¥/NR)

Van Loo, 2011
[59] USA 976 O Chicken breast Organic P(USDA); A L; T 45.9 73.05 45.29 54.05

Per condition ($/lb)

Organic (USDA): 3.54

Organic (no certification): 1.19

Van Osch, 2017
[60] Ireland 500 O Salmon Sustainable A Both NR 56 68 45

Intervention segments (€/kg)

Sustainable A (−30%
environmental pressure): 9.26

Sustainable B (−20%
environmental pressure): 3.65

Sustainable C (−10%
environmental pressure): 1.72

Wakamatsu,
2017 [61] Japan 2378 O Cod Sustainable P (MEL; MSC) T NR 55 25 44

Intervention segments (JP¥/NR)

MEL: 56

MSC: 79
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Table A1. Cont.

Study ID Country N Setting
(O or I) Product Message Type Certification

Label
Format
(T or L)

Age
(% < 35–40) Gender (%F)

Income
(% below
National
Average)

Education
(% Tertiary)

Price Premium Estimates
(Currency/

Unit of Measurement)

Wang, 2018
[62]

China (Anhui
& Jiangsu)

369 (Anhui);
475 (Jiangsu) I Pork Organic

P
(governmental
certifications:

“Green”,
“Safe”,

“Organic”)

L
30.89

(Anhui);
29.68

(Jiangsu)

54.47 (Anhui);
57.26 (Jiangsu)

13.01 (Anhui);
13.47 (Jiangsu)

28.46
(Anhui);

32.84
(Jiangsu)

Intervention segments
(RMB¥/500 g.)

Certification 1 (“Safe
food”—Anhui): 7.21

Certification 2 (“Green
food”—Anhui): 17.63

Certification 3 (“Organic
food”—Anhui): 18.94

Certification 1 (“Safe
food”—Jiangsu): 8.1

Certification 2 (“Green
food”—Jiangsu): 20.22

Certification 3 (“Organic
food”—Jiangsu): 26.78

Witkin, 2015
[63] USA 302 O

Cod, haddock,
mackerel,

pollock, hake,
and dogfish

Sustainable A Both NR NR 12 NR

Interventions’ segments ($/lb)

“Best Choice”: 2.09

“Good Alternative”: −2.81

“Avoid”: −13.57

Wu, 2014 [64] China 1254 I Milk (infant
formula) Organic

P (Chinese
label; EU label;

US label)
L 38.04 64.04 31.02 33.01

Interventions’ segments ($/400 g)

Chinese label: 3.23

EU label: 5.36

US label: 10.39

Xie, 2016 [33] USA 348 O Broccoli Organic P (USDA) T NR 50.28 16.01 45.81

Intervention segments (groups
collapsed according to condition

for analysis, $/lb):

Treatment 1: 0.097

Treatment 2: 0.272

Treatment 3: 0.299

Treatment 4: 0.223

Control 1: 0.129

Control 2: 0.258

Control 3: 0.536

Control 4: −0.14
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Table A1. Cont.

Study ID Country N Setting
(O or I) Product Message Type Certification

Label
Format
(T or L)

Age
(% < 35–40) Gender (%F)

Income
(% below
National
Average)

Education
(% Tertiary)

Price Premium Estimates
(Currency/

Unit of Measurement)

Yue, 2015 [65] China 181 I Milk Organic A T 61.5 54.65 55.9 80.11 0.896 (RMB¥/250 g.)

Yin, 2018 [66] China 938 I Tomatoes Organic
P (EU; Chinese;

Green;
GRS-national)

T NR 55.65 28.89 32.52

Overall price (RMB¥/500 g.)

Chinese: 4.23

Chinese: 2.62

Green: 0.75

GRS-national: 0.36

Zanoli, 2012
[67] Italy 145 I Beef steaks Organic A T 35.9 53.1 NR 39.3 26.25 (€/kg)

Zhou, 2017 [68] China 949 O Rice Organic A T NR 62 NR NR

Consumer segments (RMB¥/kg)

Green label (Familiar-green
group): 6.57

Organic label (Familiar-green
group): 10.76

Green label (frugal group): 3.63

Organic label (frugal group):
3.786

Note. A: Absent; AB: French Agriculture Biologique; ASC: Aquaculture Stewardship Council; CO2: carbon dioxide; GAP: Good agricultural Practice; EU: European Union; I: in-person questionnaire/interview;
JP¥: Japanese yen; L: logo; l: litre; MEL: Marine Eco-Label Japan; MSC: Marine Stewardship Council; N: sample size; NOK: Norwegian krone; NR: not-reported; O: online setting; OF&G: Organic Farmers and
Growers; P: Present; RMB¥: renminbi yen; T: text; UK: United Kingdom; USDA: United States Department of Agriculture.
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Appendix B

Table A2. Details on the review search strategies.

Database: Medline

# Searches Results

1 Food Labeling/ 3170
2 (environment * or ecolog$ or sustain$).mp. 1,397,503
3 1 and 2 227
4 (ecolabel$ or eco-label$).ti,ab. 48

5 ((environment$ or ecolog$ or eco or sustain$ or green$) adj5
label$).ti,ab. 2849

6 ((carbon footprint or recycl$ or organic$) adj5 label$).ti,ab. 784
7 3 or 4 or 5 or 6 3828
8 exp Food Preferences/ 12,672
9 exp Food Habits/ 153,019
10 exp Feeding Behavior/ 153,019
11 exp Eating/ 67,441
12 exp Diet/ 248,118
13 exp Choice Behavior/ 49,870

14 (intak$ or consume or consumes or consumption or consumed or
eat$ or diet$).ti,ab. 885,892

15
(food adj5 (preference$ or habit$ or behavio?r$ or choice$ or
decision$ or decid$ or inclin$ or lik$ or choos$ or select$ or

pick$)).ab,ti.
24,900

16
((drink? or beverage?) adj5 (preference$ or habit$ or behavio?r$ or
choice$ or decision$ or decid$ or inclin$ or lik$ or choos$ or select$

or pick$)).ab,ti.
2884

17 (purchas$ or buy$ or sale$ or vend$ or sell$).ab,ti. 70,255
18 Consumer Behavior/ 19,653
19 ((willing$ or motivat$ or happy) adj5 (pay$ or spend$)).ti,ab. 5328
20 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 1,190,096
21 7 and 20 364

Database: Embase

# Searches Results

1 (ecolabel$ or eco-label$).ti,ab. 89

2 ((environment$ or ecolog$ or eco or sustain$ or green$) adj5
label$).ti,ab. 3667

3 ((carbon footprint or recycl$ or organic$) adj5 label$).ti,ab. 882
4 1 or 2 or 3 4562
5 Food Preference/ 12,267
6 Eating Habit/ 10,387
7 Feeding Behavior/ 78,533
8 exp Eating/ 30,962
9 exp Diet/ 291,721

10 (intak$ or consume or consumes or consumption or consumed or
eat$ or diet$).ti,ab. 1,134,198

11
(food adj5 (preference$ or habit$ or behavio?r$ or choice$ or
decision$ or decid$ or inclin$ or lik$ or choos$ or select$ or

pick$)).ab,ti.
31,314

12
((drink? or beverage?) adj5 (preference$ or habit$ or behavio?r$ or
choice$ or decision$ or decid$ or inclin$ or lik$ or choos$ or select$

or pick$)).ab,ti.
3870

13 (purchas$ or buy$ or sale$ or vend$ or sell$).ab,ti. 92,262
14 Consumer Attitude/ 3532
15 ((willing$ or motivat$ or happy) adj5 (pay$ or spend$)).ti,ab. 8106
16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 1,337,184
17 4 and 16 295
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Table A2. Cont.

Database: PsycINFO

# Searches Results

1 (ecolabel$ or eco-label$).ti,ab. 59

2 ((environment$ or ecolog$ or eco or sustain$ or green$) adj5
label$).ti,ab. 445

3 ((carbon footprint or recycl$ or organic$) adj5 label$).ti,ab. 77
4 1 or 2 or 3 521
5 Food Preferences/ 4202
6 Eating attitudes/ 1511
7 Feeding Behavior/ 8868
8 exp Eating/ 18,195
9 Diets/ 11,471
10 choice behavior/ 16,781

11 (intak$ or consume or consumes or consumption or consumed or
eat$ or diet$).ti,ab. 148,647

12
(food adj5 (preference$ or habit$ or behavio?r$ or choice$ or
decision$ or decid$ or inclin$ or lik$ or choos$ or select$ or

pick$)).ab,ti.
12,186

13
((drink? or beverage?) adj5 (preference$ or habit$ or behavio?r$ or
choice$ or decision$ or decid$ or inclin$ or lik$ or choos$ or select$

or pick$)).ab,ti.
1766

14 (purchas$ or buy$ or sale$ or vend$ or sell$).ab,ti. 37,255
15 Consumer behavior/ 25,781
16 ((willing$ or motivat$ or happy) adj5 (pay$ or spend$)).ti,ab. 2536
17 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 225,560
18 4 and 17 183

Database: CAB Abstracts

# Searches Results

1 (sustainability and labelling).sh. 246
2 (environmental protection and labelling).sh. 93
3 (ecolabel * or eco-label *).ti,ab. 599
4 ((environment * or ecolog * or sustain* or green *) adj5 label*).ti,ab. 1304
5 ((carbon footprint or recycl * or organic *) adj5 label*).ti,ab. 1041
6 1 or 2 or 3 or 4 or 5 2876
7 food consumption/ 22,812
8 exp eating patterns/ 5482

9 (intak$ or consume or consumes or consumption or consumed or
eat$ or diet$).ti,ab. 791,616

10
(food adj5 (preference$ or habit$ or behavio?r$ or choice$ or
decision$ or decid$ or inclin$ or lik$ or choos$ or select$ or

pick$)).ab,ti.
33,288

11
((drink? or beverage?) adj5 (preference$ or habit$ or behavio?r$ or
choice$ or decision$ or decid$ or inclin$ or lik$ or choos$ or select$

or pick$)).ab,ti.
2075

12 (purchas$ or buy$ or sale$ or vend$ or sell$).ab,ti. 94,220
13 ((willing$ or motivat$ or happy) adj5 (pay$ or spend$)).ti,ab. 6331

14 (consumer attitudes or consumer behaviour or consumer
preferences).sh. 27,696

15 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 901,400
16 6 and 15 831

* Studies included in the meta-analysis are indicated by an asterisk.
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