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Abstract
Compared to other policy instruments that aim to change consumer behavior, information
provision is perhaps the least controversial. An important question is how information in
the form of carbon labels can contribute to direct food consumption toward reduced
climate impact. From a policy guidance perspective, there is a need to identify how the
labeling strategy affects consumers’ ability to identify lower emitting food products and
the behavioral change due to carbon information. Key aspects of a carbon label are
discussed, as well as the implications of different labeling schemes. Drawing on economic
and behavioral theories, we propose that, to assist consumers in identifying changes in
consumption that contribute to significant reductions in their climate impact, a carbon
label must enable comparisons between product groups and not only within narrowly
defined product groups. This suggests mandatory labeling, since producers of high-
emission products are less likely to display such labels. However, it is important to
consider both costs and benefits of labeling schemes and to consider complementing label-
ing with other policy instruments.

Keywords: carbon label; climate label; consumer behavior; food choice
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1. Introduction

The food sector is a major contributor to climate change, and particularly, meat and dairy
production are heavy emitters of greenhouse gases (Godfray et al., 2018; Poore and
Nemecek, 2018). To reduce the climate impact from the food sector in line with food-
related sustainability development goals and commitments under the Paris Agreement,
changes in consumption patterns are vital (Moran et al., 2020; Willet et al., 2019). Broadly,
there are four areas of measures to pursue to attain such changes in consumption patterns:
(i) financial measures, such as taxes or subsidies, (ii) regulations of production methods
and product reformulation, (iii) choice architecture, where the decision environment is
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altered to nudge consumers, and (iv) information to assist consumers with increased
knowledge and support (Just and Byrne, 2019). An important question is how point of
purchase climate information in the form of carbon labels can contribute to direct food
consumption toward reduced climate impact.

Insights on the effects from carbon labels on consumer choices are mainly based on
survey and experimental studies. Typically, the effects on consumer choices are investi-
gated for one selected product category and one specific carbon label (Onozaka and
McFadden, 2011; Grunert et al., 2015; Peschel et al., 2016; Apostolidis and McLeay,
2016; Elofsson et al., 2016; Feucht and Zander, 2017; Lombardi et al., 2017; Akaichi et al.,
2020; Canavari and Coderoni, 2020; Wynes et al., 2020; Lohmann et al., 2022), although
some studies include wider ranges of products categories (Edenbrandt et al., 2021;
Edenbrandt and Lagerkvist, 2021) and compare more than one label (Thøgersen and
Nielsen, 2016; Meyerding et al., 2019; Carlsson et al., 2021). Rondoni and Grasso (2021)
review the literature on carbon labels on food products and conclude that consumers are
not well informed about the climate impact from food and that policy makers should
develop a consumer-friendly carbon label. However, it is not well documented how the
labeling strategy and characteristics of the label affect consumer behavior. This is a central
shortcoming with the current body of research, especially from a policy guidance perspec-
tive. Discussions are ongoing in policy making institutions1, and a number of initiatives
have been implemented in different countries (Liu etal., 2016), by individual brands2 and
by nonprofit organizations3. At this point in the developments and debate over carbon
labeling, we believe that three important questions need to be addressed. First, can private
parties provide sufficient and credible labels or should government bodies implement a
carbon label? Second, how do different labeling schemes affect consumers’ ability to iden-
tify food choices with reduced climate impact, and what is the expected impact on behav-
ior? Third, what are the benefits and costs of a carbon label, and how is this affected by the
labeling strategy?

Guided by theoretical evidence from economics and behavioral sciences, we address
these questions. We combine the different elements that define a carbon labeling strategy
in a grid, thereby laying out a structure for how the different aspects affect consumers’
ability to identify products with reduced carbon emissions. By this, we aim to provide guid-
ance to future research on carbon labeling, to ensure pertinent support to policy makers.

A number of reviews on food labeling provide guidance on the state of knowledge on
labeling of a variety of sustainability-related aspects, including pesticide use and animal
welfare, origin, labor conditions, breeding methods (Roe and Deans, 2014; Yokessa and
Marette, 2019; Asioli et al., 2020). Carbon labeling is to a smaller extent included in
reviews, likely due to the hitherto low market presence and the relatively recent increase
in number of empirical studies on consumer preferences regarding climate impact. While
some of the conclusions from the sustainability labeling reviews are relevant to the case of
carbon labeling, we argue that carbon labeling is different from other sustainability labels
in key aspects. Importantly, contrary to well-established sustainability labels such as
organic, MSC and fair trade, carbon emissions are highly correlated with the product cat-
egory, where emissions are higher from animal products compared to vegetable products.
This implies additional challenges to how the labeling schemes should be defined.

1In Denmark https://www.foedevarestyrelsen.dk/Foedevarer/Klimamaerke
2Examples of carbon labels implemented by private brands include Quorn and Oatly https://www.ft.com/

content/45dbe119-391b-41e5-8b6a-c6b5a082d062?shareType=nongift
3https://www.foundation-earth.org/

152 Anna Kristina Edenbrandt and Jonas Nordström

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/a

ge
.2

02
2.

29
 P

ub
lis

he
d 

on
lin

e 
by

 C
am

br
id

ge
 U

ni
ve

rs
ity

 P
re

ss

https://www.foedevarestyrelsen.dk/Foedevarer/Klimamaerke
https://www.ft.com/content/45dbe119-391b-41e5-8b6a-c6b5a082d062?shareType=nongift
https://www.ft.com/content/45dbe119-391b-41e5-8b6a-c6b5a082d062?shareType=nongift
https://www.ft.com/content/45dbe119-391b-41e5-8b6a-c6b5a082d062?shareType=nongift
https://www.foundation-earth.org/
https://doi.org/10.1017/age.2022.29


The remainder of the paper is organized as follows. Section 2 provides a background to
the theory of labels while Section 3 discusses if a carbon labeling system should be man-
dated by government or if private initiatives are sufficient. Section 4 discusses key char-
acteristics of a carbon label, including the assessment of the climate impact, the degree of
detail in a label, and which types of comparisons a label enables (across vs. between food
categories). Section 5 summarizes the different aspects of a labeling strategy in a grid and
discusses the implications for the different combinations of label characteristics. Finally,
Section 6 discusses the benefits and costs associated with carbon labeling, and how this is
affected by the carbon labeling strategy while Section 7 discusses effects on the market
structure, and Section 8 concludes.

2. Reducing climate impact; the role of informed choices

The provision of information as a measure to change consumers’ purchase patterns is a
demand-side instrument, which depends on consumer preferences regarding the quality in
question, such that at least a share of consumers prefer lower emitting products to higher
emitting variants, all else equal. Moreover, information as a policy instrument relies on
that consumers’ access and process the information and that there is product differentia-
tion, such that at least a share of the producers supply the higher quality (lower emitting)
variants (Bonroy and Constantatos, 2015). Consumers will search and evaluate informa-
tion if the effort required does not exceed the benefits, such that the expected marginal
return of information exceeds the expected marginal cost of searching for the information
(Stigler, 1961). It is also of importance that the information is seen as reliable (Darby and
Karni, 1973).

In the analysis of consumer preferences for food characteristics, a multi-attribute
approach forms a theoretical point of departure (Lancaster, 1966). This implies that prod-
ucts are viewed as bundles of characteristics and that consumers derive utility from each of
these characteristics (hereafter referred to as attributes). This approach is fundamental for
much microeconomic analysis of consumer demand. Consumers are assumed to be utility-
maximizing, and they will choose the product that provides the combination of price and
quality attributes that is most consistent with their preferences and subject to their con-
straints. However, such a decision process, were all product attributes in a purchase situa-
tion are evaluated, can be costly in time and effort for the consumer. In choice tasks that
are low involvement, which is often the case for food choices, consumers tend to rely on
heuristics that facilitate the purchase decision (Kahneman, 2003; Hauser, 2014). In this
context, food labels can simplify the information and assist consumers in the comparison
of different products.

2.1 What type of quality is climate impact of a product?
The intrinsic qualities of food products can be in the form of search qualities, which the
consumer can identify prior to purchasing, or experience qualities, which are only possible
to identify after purchasing or consuming the product (Nelson, 1970). Finally, some quali-
ties are not possible for consumers to detect even after consumption, and for such credence
qualities, consumers must rely on other sources of information (Darby and Karni, 1973).
Intrinsic attributes, particularly those in the form of experience and credence qualities, are
disposed to situations of asymmetric information, where producers have more informa-
tion than consumers about the qualities of their product. Consequently, consumers are not
able to accurately judge the quality of the products and may consequently not purchase
products that are most in line with their preferences (Akerlof, 1970; Golan et al., 2001).
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Contrary to intrinsic quality attributes, extrinsic cues are not part of the physical prod-
uct, but they may be interpreted as signals of quality. Extrinsic cues in the form of food
labels can turn experience and credence quality attributes into search attributes, provided
that they are perceived as credible (Caswell and Mojduszka, 1996). Hence, labeling can
alleviate asymmetric information and enable consumers to make choices more in line with
their preferences and reduce uncertainty regarding the nature of the product attributes
(Teisl and Roe, 1998). Moreover, food labels can be of value for search qualities by making
the information more accessible and, thereby, less costly for consumers to use, by requiring
less cognitive effort (Caswell and Anders, 2011). Importantly, although extrinsic cues may
be used as information about intrinsic qualities of a product, such cues vary in their accu-
racy. For instance, consumers may interpret brand, country of origin, type of packaging,
and the price of a product as signals about the quality of the product (Steenkamp, 1989;
Steenkamp and Trijp, 1996). In the case of climate impact, there is evidence that consum-
ers believe that buying locally produced food or organic food is more effective in reducing
climate impact compared to reducing meat consumption (de Boer et al., 2016). Hence, in
the absence of credible carbon labels, consumers that wish to make climate-friendly food
choices may use other extrinsic cues as information about climate impact.

The benefits and costs of a labeling system depend on the type of attribute it should
inform about. In general, the benefits are larger for experience and credence qualities com-
pared to search qualities, since it is more costly for the consumer to obtain this information
(Teisl and Roe, 1998). The climate impact of a product has both search qualities and cre-
dence qualities. The exact amount of carbon emissions from the production of a product
depends on aspects such as technology use, management practices, and place of produc-
tion (Poore and Nemecek, 2018; Springmann et al., 2018). Such aspects are not possible for
the consumer to evaluate upon inspection or consumption, and it is, hence, a credence
quality. However, while there are variations in carbon emission equivalents within product
categories, the main differences are between product categories (Poore and Nemecek,
2018). Thus, the climate impact compared between product categories is not a credence
quality. For example, vegetable products have lower climate impact compared to animal
products (e.g. vegetable oil has lower climate impact than butter, and pulses have lower
impact than red meat). This suggests that carbon labeling can target information asym-
metries within-product categories (credence qualities), while the usefulness of carbon
labels between products is rather that the information becomes more salient and reduces
the costs in the form of cognitive effort required by consumers. This distinction has impli-
cations for the expected benefits and costs of carbon labels, and thereby on the labeling
strategy.

3. Ownership and mode of governance

Economic theory posits that if there are no costs of supplying information, and consumers
trust the information, all producers except those with the lowest quality will voluntarily
disclose the quality of their products. If such information is not disclosed, rational con-
sumers will assume that a product has the lowest quality (Ippolito, 1990). This prediction
relies on the assumption that consumers are aware of that the information exists and,
importantly, that the quality in question is important to at least a share of consumers.
Under these assumptions, voluntary labeling will provide sufficient information for con-
sumers to make informed choices. However, depending on the level of detail of rating,
carbon labeling can be costly. Therefore, widespread voluntary disclosure relies on a large
demand from consumers for this type of information.
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Broadly, labels can be implemented and regulated by three types of agents: private par-
ties, independent third parties, and government. Private parties, such as private firms and
collectives of firms, can provide labels or claims based on self-declared standards. The
motivation for these agents is to support product differentiation and target consumers
who are willing to pay for the characteristic in question. There are several examples of
such private carbon labels (Liu et al., 2016).

Labels can also be certified by independent third parties, such as NGOs, typically with
the intention of promoting sustainable food consumption. Independent third party label-
ing can both target and shape consumer demand. An example of this is the dolphin safe
label, which put an environmental problem in the spotlight, and raised awareness among
consumers (Teisl et al., 2002). Independent third parties, particularly NGOs, tend to have
higher credibility among consumers compared to private parties (Roe and Teisl, 1998).
Although the motives for labeling initiatives provided by private actors and independent
third party NGOs vary, they are all voluntary for producers to display.

In cases where private or third party labeling is not credible, government labeling may
be mandated (Sunstein, 2017), to protect consumers from fraud by overseeing standards and
certifications. Many countries have government-certified organic labels that are voluntary for
producers to display and motivated by a desire to prevent fraud (Golan et al., 2001). Public
labeling programs can also be motivated as a measure to combat confusion, as many different
sustainability-related labels have emerged on the market in the past decade.

In general, two economic situations motivate public mandatory labeling: First, when
the unregulated market does not provide sufficient information for consumers to make
decisions in line with their preferences. This motive for alleviating asymmetric information
is not to change consumption, but to make consumers’ decisions more informed (Golan
et al., 2001). An example is that it is mandatory to display the nutritional content on prod-
ucts in many countries (FDA, 1994; EU, 2011). Second, and importantly for the case of
climate impact, mandatory public labeling can be mandated to target externalities. When a
quality is a public good, demand is societal rather than private. This implies that consum-
ers in an unregulated market do not personally experience the full costs from consump-
tion. In such cases, the unregulated market typically undersupplies the quality if it is a
positive externality and oversupplies the quality if it is a negative externality such as
CO2 emissions (Caswell and Anders, 2011). Mandatory labeling can then serve as an
instrument to affect consumption, but we note that it relies on consumers’ preferences
and willingness to pay for the public good.

4. Carbon label characteristics

Generally, carbon labels on the market and in experimental studies fall into four categories
(Thøgersen and Nielsen, 2016): (i) Labels that provide information about the CO2 equiv-
alents emitted from a unit of the product, based on lifecycle analysis. (ii) A symbol that
indicates that the product is low in carbon emissions. The criteria that the certifying agent
applies are typically not presented to the consumer at the point of purchase. (iii) Labels
declaring that the producer has committed to reduce emissions. This type of label does not
inform about the absolute level of emissions, but rather about an improvement compared
to historical levels. This type of label is potentially most beneficial for high emitting pro-
ducers that have more room for improvement. (iv) Carbon neutrality was the carbon emis-
sions caused by the production of the product that has been compensated by the company,
for example by paying for forestation (Thøgersen and Nielsen, 2016). In the following, we
focus on labels that inform consumers about carbon emissions from the product in some
form. The third and fourth types of labels are not related to the absolute emission levels
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and are hence not educative for the consumer. Since a shift in consumption patterns is
needed to achieve significant reductions in emissions from food, we will focus on the first
two label types only.

4.1 Assessment
Assessment refers to how a label communicates the climate impact of a product, and it can
be described on a continuous scale ranging from purely descriptive label types to fully eval-
uative label types. In between these, extremes are many possible variants. A label that is
purely descriptive displays the exact amount of carbon emissions (CO2 equivalents) from
the production of one unit of the product, hereafter referred to as a Digit (D) label. This
Digit label is comparable to nutrition tables that are mandatory in many countries
(FDA, 1994; EU, 2011). The Digit label lessens the asymmetric information and enables
consumers to compare products and evaluate the climate impact both within- and
between-product categories. Yet, if information requires high involvement and cognitive
abilities, consumers may judge it too costly to retrieve.

A purely descriptive Digit label can be made evaluative by relating the digit to a refer-
ence level. Evaluative labels decrease these costs for consumers by reducing the cognitive
effort and time required to make informed choices. Examples of such labels include the
Guideline Daily Amounts and the Multiple Traffic Light label (FSA, 2020), which show
the key nutrients and energy, expressed in percentage related to daily reference intake.
A Reference Intake (RI) type of carbon label could express the emissions as a percentage
of the amount of carbon emissions per person allowed from food, should the targets in the
Paris Agreement be successful, as the reference intake. The benefit of relating information
to reference levels is supported in a survey in the US, where respondents found a carbon
label on food easier to comprehend when the emissions were translated into how many
light bulb hours they corresponded to Camilleri et al. (2019). A further step in the direction
of more evaluative carbon labels is to indicate if the digit is low or high, by showing the
carbon emissions on a color scoring system (CSS), where the Digit is placed on a color
scoring scale from green to red.

The most evaluative types of labels do not allow consumers to make detailed compar-
isons, but relies on a set of criteria specified by the label provider. This can be in the form of
traffic light systems (TLS), indicating if a product is red, amber, or green, or in the form of
a single logo (L), which is only displayed on the products that fulfill the criteria.

Logos can be either in positive form, indicating that a product has a low carbon
footprint, or a negative label, in the form a warning message. Importantly, the framing
of information can affect consumer choices. Prospect theory asserts that losses are val-
ued more negatively than corresponding gains are valued positively (loss aversion)
(Kahneman and Tversky, 1979). Relatedly, individuals tend to place more attention
to negative information than positive information (negativity bias) (Rozin and
Royzman, 2001), suggesting that how the information in a food label is framed affects
the perception and impact on consumer choices. Empirical evidence supports these
predictions, showing that negative (warning) labels have a larger effect compared to
positive labels (Grankvist et al., 2004).

4.2 Detail of rating
The detail of rating describes the degree of differentiation between products that a label
enables. The detail of rating ranges from continuous scales to binary ratings. Similar to the
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Assessment dimension, the Detail of rating dimension is related to the ease of use and
understanding for the consumer. Both dimensions are illustrated in Figure 1. Among exist-
ing food labels related to health and sustainability, there is a correlation between the detail
of rating and the type of assessment, although such correlation is not necessary. While
purely descriptive labels (D) commonly are in continuous forms, these values can be pre-
sented in a categorical form, to reduce the cost on producers and certifiers of measuring
precise values. The categorical form will also reduce the cognitive burden for the consum-
ers. Evaluative labels are commonly in the form of traffic light systems or logos, although
the EU energy label is an example of an evaluative label in a detailed format (European
Commission, n.d.).

The type and volume of information on a label will affect the amount of time and effort
required, in order to evaluate product attributes. In general, consumers find categorical
labels easier to understand and use compared to continuous scales (Loewenstein et al.,
2014). There is also evidence that consumers prefer the less detailed nutrition and health
labels and that consumers are more successful in identifying healthy products when using
labels with fewer categories (Campos et al., 2011). Hence, more information is not always
better, as this increases the likelihood that consumers do not find it worthwhile to spend
time and effort to use the information and rather choose to ignore it. Taken together, the-
ory does not guide on the optimal amount of information and level of detail, as this likely
varies between individuals and products, depending on their prior knowledge, cognitive
ability, interest, and preferences for the attribute that the label concerns (Teisl and
Roe, 1998).

Figure 1. Assessment and detail of rating.
Note: Assessment ranges from Descriptive to Evaluative (horizontal axis). Detail of rating ranges from Binary to
Continuous (vertical axis).
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4.3 Level of reference
For all labels that are evaluative to any degree, there must be a level of reference. This
implies that a subjective judgment must be made on how the reference is defined. For
example, how should the reference intake be calculated for the reference intake (RI) type
of label? Which thresholds should be used for the traffic light system (TLS)? And which
requirements should there be for the display of a positive low carbon logo, L(p), or a neg-
ative warning logo, L(w)? The choice of level of reference has important implications for
which type of information the consumers retrieve from a label. This is particularly decisive
for the most evaluative labels such as TLS and L labels, which identify if a product fulfills
certain criteria. In particular, it must be decided if these criteria identify carbon emissions
thresholds that apply across all products or if there should be different thresholds within
each food category. For the purpose of illustration, we assume two product categories: one
high emitting and one low emitting product category. The high emitting category can be
red meat, while the low emitting category can be crop based. Further, we assume two prod-
ucts in each category: one high emitting variant and one low emitting variant. This
depends on aspects such as technology in production and management practices and
can therefore not be evaluated by the consumer upon inspection or consumption. The
implications from the choice of reference are illustrated in Figure 2.

As visible in the middle column of Figure 2, labels with between-category evaluation
inform about the overall emission levels. This type of label informs consumers about large
differences. A comparison to the health label area could be that unhealthy categories such
as soda, chips, and candy are labeled with red TLS labels (or cannot display the positive
logo), while all products in healthy categories, such as vegetables, are labeled with green
TLS labels or displays the positive logo. An important benefit with the between-category

Figure 2. Level of Reference for evaluative labels.
Note: TLS=Traffic Light System, L(p)=Logo (positive). Red footprint indicates high emissions, and green footprint
indicates low emissions. Amber footprint indicates medium high emissions, but is not included in this simplified
example.

158 Anna Kristina Edenbrandt and Jonas Nordström

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/a

ge
.2

02
2.

29
 P

ub
lis

he
d 

on
lin

e 
by

 C
am

br
id

ge
 U

ni
ve

rs
ity

 P
re

ss

https://doi.org/10.1017/age.2022.29


evaluation is that it is educative, as consumers will learn about the larger differences in
emissions. Largely, the same information could be disseminated without specific product
labels, as the between-category evaluation could be communicated in general information
campaigns, in posters in the purchase setting, and through educational efforts in other
environments. Yet, while this is true in general terms, and regarding the large differences
between product categories, the large number of product categories available in many gro-
cery stores implies that it will be challenging to communicate the necessary information
through general campaigns only.

For the within-category evaluation type of label (right column in Figure 2), consumers
are informed about the relative climate impact within a specific category. The information
conveyed with this level of reference type is more likely to be a credence quality; consumers
cannot judge upon inspection or consumption if the product is low or high in emissions
compared to other similar products. For this reason, contrary to a between-category eval-
uation, the information conveyed from within-category evaluation is not possible to pro-
vide in general information campaigns. Importantly, the information is less educative
compared to the between-category evaluation, in the sense that consumers will not learn
about which type of substitutions that have the largest impact on their climate impact.
Since today’s consumers usually buy a mix of food products, from both high and low emit-
ting product groups, within-category labeling can still have an important impact on con-
sumer choices and carbon emissions. Consumers usually find it easier to substitute
products within a product group than between products in different product groups.
The within-category evaluation type of label is available in the health area, including
the health-tick, the Nordic keyhole, and the Choices logo, where consumers are informed
about the healthier choice within a certain category. Notably, the literature that evaluates
the effects of these label focus on within-category substitutions, and not on larger improve-
ments toward healthy diets, a shortcoming that has been noted in the literature (Nikolova
and Inman, 2015). As can be seen from Figure 2, low emitting products within both high
and low emitting categories will have the same logo.

In addition to the type of assessment, the level of detail, and the choice of reference
level, other label characteristics related to the appearance of the label can affect the atten-
tion and use of the label. For example, front of pack food labels with more color receive
more attention, and the placement on the package, and how many other labels there are on
the product also affect attention and use of labels. Hence, these aspects are of relevance in
the design of a label and for producers in the decision on how and where to display a label
(Graham et al., 2012).

5. How does labeling strategy affect consumer perception?

Both the mode of governance and the labeling characteristics will affect the type and
amount of information a carbon label provides. For illustration, we extend on the example
with two food categories presented in Figure 2. The columns in Figure 3 represent different
types of assessment and varying degree of details of rating, ranging from the purely
descriptive and continuous Digit label to the fully evaluative and binary labels (logos).
Further, the evaluative labels vary by the level of reference, including both between-
and within-category evaluation. The two vertical panels in Figure 3 represent the mode
of governance, with voluntary and mandatory labeling.

Figure 3 illustrates that with voluntary labeling, only the low emitting products will
display information. This holds across different types of assessment, details of rating,
and levels of reference. Rational and sophisticated consumers will infer that the absence
of low carbon emission labels implies that a product is high in carbon emissions (Ippolito,
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1990). If this assumption holds, private and voluntary labeling should be sufficient. Yet, if
consumers lack this awareness, or fail to make the conclusions, voluntary labels are not
sufficient, and mandatory labeling is justified (Loewenstein et al., 2014). In sum, given that
climate impact is a public good and that consumers may not make the inference from the
absence of labels, mandatory carbon labeling is likely needed to ensure that sufficient infor-
mation is provided to enable consumers to make informed choices.

Mandatory labeling, which includes all products, is expected to have a larger impact on
consumer behavior since such labeling systems also identify products with high emissions.
As mentioned, consumers tend to react more strongly to negative information than to
positive information. Inspection of the mandatory labeling (lower panel of Figure 3)
reveals that the most descriptive and detailed label formats (Digit and Reference
Intake) provide greater amount of information and enables comparison both between
and within categories. For evaluative labels, the choice of reference level greatly affects
the type of evaluation consumers can make from the label. There is a big difference
between mandatory between-category and within-category evaluative labels, if one consid-
ers total CO2 emissions. The last three columns in Figure 3 show that the within-category
evaluative logos provide the consumer with exactly the same information for products with
high and low climate impact, although their climate impact is very different. Hence, con-
sumers must be knowledgeable about that such within-category labels only guide decision
within categories and that it is not to be used for substitution decisions between categories.

6. Benefits and costs of labeling

When deciding on labeling strategy, policy makers should weigh the benefits against the
costs of labeling, and how these are distributed (Golan et al., 2001; Sunstein, 2017). For
consumers, the main benefit of a labeling is that they are enabled to make informed
choices, which are in line with their preferences. The social benefits from carbon labeling

Figure 3. Dimensions of carbon labeling systems.
Note: D = Digit, RI = Reference Intake, TLS = Traffic Light System, L(p) = Logo(positive), L(w) = Logo(warning).
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depend on the reductions in carbon emissions that the labeling program achieves. Such
effects on carbon emissions, hence, depend on the changes in consumption that occur after
the label is implemented, which in turn depends on consumers’ preferences.

If few consumers have interest in making choices that are low in carbon emissions, and
if they do not value this much, the labeling benefits will be small. Policy makers can be
informed about this by quantifying consumers’ willingness to pay for reduced carbon emis-
sions. Consumer valuation studies, where the willingness to pay is measured in experimental
studies, can be used for estimating this (Sunstein, 2017). Experimental studies have found sup-
port for a positive willingness to pay for products that are lower in carbon emissions, but the
climate impact is relatively unimportant for most consumers compared to other food qualities
(Rondoni and Grasso, 2021). A challenge with this approach is that since carbon labeling has
not been implemented on a large scale, it may be difficult for consumers to evaluate the use and
benefits with carbon labeling (Sunstein, 2021; Reisch et al., 2021). Ex post estimates of the
willingness to pay for carbon labeling may therefore give better assessments, and this could
be done via lab or field experiments (Sunstein 2021). Further, it is of relevance for policy mak-
ers to reflect on the distribution of willingness to pay among consumers.

One potential benefit from labeling is education. This is particularly true for
government-mandated labeling with a labeling format that enables comparison between
product categories. While general knowledge about carbon emissions from different prod-
uct categories is possible to communicate in other channels, such as information cam-
paigns and dietary guidelines, consumers may find it difficult or misinterpret the
connection in the purchase situation. Hence, for information that is in the between-
category evaluation format, mandatory labeling could be motivated by a need to make such
information more salient and easier to access (Teisl and Roe, 1998). As a sustainability
education intervention, mandatory carbon labels could have a broad reach if they are dis-
played on products, as they will be presented to consumers upon purchase, but also when
food is prepared and consumed. The information may also affect the social norm such that
this information becomes more demanded and important for consumers in their purchase
decisions.

A further benefit that may arise from government-mandated labeling is that it can moti-
vate producers to reduce their emissions to obtain labels that are more favorable. Evidence
from other areas shows that the implementation of mandatory calorie information disclosure
caused restaurants to make their menus healthier, and when an energy efficiency label was
mandated, the energy efficiency innovations increased substantially (Golman et al., 2017).
Labeling benefits in the form of reformulation effects are more likely to occur if the more
descriptive (D and RI) or the evaluative within-category evaluation types of labels are imple-
mented. For example, a producer of high emitting products in the high emitting category can
change technology and management practices to reduce emissions and improve their digit, RI
or obtain a positive within-category logo. In contrast, a between-category evaluation will not
enable producers in the high emitting categories to obtain a positive logo by technological
advances, since emission levels are connected to the product category.

Finally, if firms anticipate stringent requirements in the future, such as implementation
of a carbon tax or regulations of maximum amount of carbon emissions per product, they
may voluntarily display carbon labels. By voluntarily displaying, and improving their for-
mulas, they show to the consumers (and policy makers) that they are making an effort in
the area. This potential benefit from a carbon label is, however, difficult to measure
(Yokessa and Marette, 2019).

Labeling is also associated with costs for consumers, producers, and the certifying body. For
consumers, the time and effort required for searching and interpreting the label is associated
with alternative costs (it could be used for something else). The more evaluative labels are less
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costly for the consumer to interpret compared to the most descriptive and detailed label for-
mats. Moreover, the introduction of a carbon label can contribute to choice overload, where
the number of sustainability-related labels is already high (Cohen and Vandenbergh, 2012;
Brown et al., 2020). An overload of labels may thus contribute to reduced benefits from other
labels. Information may also create a psychological cost or discomfort for consumers
(Thunström et al., 2016, 2014; Nordström et al., 2020). If climate information causes consum-
ers great disutility, this could constitute a non-marginal cost, and alternative policy instruments
may be regarded more socially optimal (Golman et al., 2017).

Further, while producers face labeling costs associated with providing information
related to administration, testing, reformulation, printing, and certifying bodies face costs
of enforcing and controlling label use, such costs may be forwarded to the consumers
(Golan et al., 2001; Crespi and Marette, 2003). With voluntary labeling schemes, the cost falls
on the labeled products, while mandatory labeling will distribute the costs among all products.
It is thus important to take distributional aspects of the labeling costs into account when eval-
uating different labeling schemes. Importantly, the dimensions of a carbon label will influence
the costs, where the cost for a digit type of label is relatively high, since it is based on life cycle
analysis. The early experiences from such labels by Tesco highlight that such costs are con-
siderable (Vaughan, 2012). The evaluative labels can be assumed to be cheaper to implement
since these labels do not require the same degree of detailed information.

In addition, the benefits of carbon labeling depend on the consumers’ behavioral
changes and associated reduction in the carbon footprint. As this can be difficult to esti-
mate a priori, well-designed field studies can provide valuable information before decisions
about mandatory carbon labeling are taken.

7. Effects from carbon labeling on market structure

The implementation of a credible carbon label enables firms producing higher quality
(lower emitting) products to differentiate their products from that of lower quality com-
petitors. Importantly, the introduction of a mandatory or voluntary label may affect the
market structure, by affecting different types of firms differently.

The costs associated with a carbon label are one aspect that may result in changes in the
market structure. Costs for firms associated with a labeling scheme consist of certification
costs and costs for producing products that fulfill requirements for displaying a high-
quality label. Cost for certification can be fixed or variable, where fixed costs may burden
smaller firms disproportionally, leaving them disadvantaged relative to larger firms (Golan
et al., 2001). Fixed costs may also work as an entry barrier for new firms. Further, the costs
for firms to achieve higher quality products may affect firms differently. Reducing carbon
emissions, and thus fulfilling the requirements for a binary logo or higher levels on a multi-
level label, may be fixed (e.g. investing in R&D or new technology) or variable (increased
reliance on low emitting input) (Roe and Deans, 2014).

In addition to costs associated with labeling, firm welfare effects and implications on
the market structure depend on a number of aspects, including the market structure prior
to the introduction of a label, the design of the labeling scheme, and the preference struc-
ture among consumers (Bonroy and Constantatos, 2015; Sheldon, 2017). In the industrial
organization literature on food labeling, it is typically assumed that there are high-quality
and low-quality products, and this is a scenario that describes how many credence qualities
are represented on the market (e.g. organic, non-GMO, MSC, locally produced).
Consumers are assumed to prefer the high quality, but have different willingness to
pay for it. In the case of carbon impact, this holds if a within-category evaluative type
of labeling scheme is applied. All else equal, consumers can be assumed to prefer lower
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emitting product variants but their willingness to pay for lower emissions and the cost of
labeling is an empirical question that needs to be studied before firm conclusions can be
given on the market outcome (see e.g. the results in Mattoo and Singh (1994)). Looking at
the marker structure as such, results in Zago and Pick (2004) indicate that if the labeled
high-quality sub-market remains sufficiently competitive, the introduction of a labeling
scheme is welfare improving. However, if the introduction of labeling increases concen-
tration in the sub-market, it reduces welfare. Bonroy and Constantatos (2015) study the
welfare effects of labeling under price competition and find that labeling is welfare improv-
ing (under a uniform consumer distribution), driven by higher profits for the firms. It is
thus case-specific whether a labeling reform will improve or reduce welfare, and this
requires ex post analysis. We note that the external benefit of lower CO2 emissions is
not accounted for in these studies, and since this is an important motivation for introduc-
ing mandatory carbon labeling, it should be included in the overall welfare analysis.

8. Discussion and policy implications

An important motivation for carbon labeling is to increase social welfare by targeting neg-
ative externalities. Compared to other political instruments that aim to shift consumer
behavior, the implementation of information is perhaps the least controversial. One attrac-
tiveness with information disclosure is that it does not directly intervene with the free mar-
ket principles. From a government’s perspective, labeling systems may thus be politically
more feasible to implement compared to other regulations. However, to achieve the
needed changes in food consumption patterns to reach the targeted reductions in climate
impact, more direct measures, such as restrictions on emission levels or taxation, are gen-
erally more effective (Golan et al., 2001). Hence, the costs and benefits from a mandatory
labeling regime should be evaluated against other instruments. Moreover, there may be
important interaction effects from implementing more than one policy instrument. The
effect of food labels is likely affected by if it is integrated in other educational programs
(Caswell and Padberg, 2010). For example, if a mandatory carbon label is implemented, the
effects are likely larger if the information contained is also communicated as dietary advice
in schools, national dietary recommendations, and other forms of public information cam-
paigns. Moreover, insights from behavioral economics, including choice environment
design, could also play an important role in shifting consumption patterns (Grolleau
et al., 2016). While synergies between different interventions and instruments aiming
to reduce climate impact from food consumption hold great promise, the insights on these
matters are very limited, and this is an interesting area for future research.

We identified a need for insights on how the labeling strategy and characteristics of the
label will impact labeling effects. While there is much research regarding other food labels
that can provide guidance for carbon labeling, the climate impact from food constitutes a
distinctly different type of quality compared to other well-known sustainability-related
labels such as organic, MSC, fair trade, and GMO. First, these types of labels inform con-
sumers about credence qualities for a specific product within a product category, while for
climate impact the main differences are between product categories. This implies that sub-
stitutions between product categories are required if consumers should contribute to a sig-
nificant reduction in carbon emissions. Given that food choices are largely guided by
habits, taste preferences, norms, and traditions, the changes required from a climate per-
spective are more demanding for consumers. Second, while climate impact is a purely pub-
lic good, several other sustainability labels are semi-public, as an important motivation for
purchasing organic is that it is perceived as healthier, and even tastier (Hughner et al.,
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2007; Schuldt and Schwarz, 2010). Taken together, decisions regarding carbon labeling
cannot rely entirely on insights from other areas of food labeling.

We find that descriptive and detailed labeling that enables comparison both between-
product categories and within-product categories provides consumers with the best oppor-
tunity to choose along their preferences. Yet, the cost of using such labels is high for con-
sumers, and empirical studies are needed that evaluate the optimal degree of detail and
evaluative level. For evaluative labels, the level of reference has key implications for the
type of information consumers retrieve from a carbon label. Importantly, if a carbon label-
ing scheme is to enable consumers to make informed choices and changes in consumption
that cause significant reductions in CO2 emissions, a carbon label must be present on a
broad level and not in narrowly defined product groups. This poses a challenge if labeling
is voluntary, as producers of high-emission products are less likely to include such labels. A
labeling system that combines the advantaged of a between- and within-category labeling
system may thus be of interest to evaluate in the future. Such a label would create incen-
tives for producers to improve their technologies and reduce emissions, and it would also
inform consumers about both high and low emitting categories and low and high emitting
alternatives within the category. This creates incentives to substitute between-product cat-
egories as well as within-product categories.

Regarding the ownership and mode of governance, we note that a mandatory labeling
scheme, where all products are labeled, will have greater impact on consumer choice com-
pared to voluntary labels. However, before a mandatory carbon labeling scheme is imple-
mented, it is of importance to evaluate the cost and benefits of the labeling scheme. This
calls for empirical evidence, including consumer willingness to pay estimates that enable
comparisons across labeling types.

Finally, while carbon emissions are the focus of this study, other sustainability aspects
such as biodiversity (Röös et al., 2014), nitrogen, and water use may be incorporated in a
labeling program (Leach et al., 2016). While including more aspects increases complexity,
and consequently costs, this is an interesting area for future research.
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