E E D I‘l :T U R A Service of

Make Your Publications Visible.

ﬂ I I I Leibniz-Informationszentrum
° Wirtschaft
o B Leibniz Information Centre
h for Economics

Roemer, Nils; Souza, Gilvan C.; Troster, Christian; Voigt, Guido

Article — Published Version

Offset or reduce: How should firms implement carbon

footprint reduction initiatives?

Production and Operations Management

Provided in Cooperation with:
John Wiley & Sons

Suggested Citation: Roemer, Nils; Souza, Gilvan C.; Trdster, Christian; Voigt, Guido (2023) : Offset
or reduce: How should firms implement carbon footprint reduction initiatives?, Production and
Operations Management, ISSN 1937-5956, Wiley, Hoboken, NJ, Vol. 32, Iss. 9, pp. 2940-2955,

https://doi.org/10.1111/poms.14017

This Version is available at:
https://hdl.handle.net/10419/288124

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen

Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,

gelten abweichend von diesen Nutzungsbedingungen die in der dort

genannten Lizenz gewahrten Nutzungsrechte.

@ http://creati /licenses/by-nc-nd/4.0/
WWW.ECOMSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1111/poms.14017%0A
https://hdl.handle.net/10419/288124
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Received: 2 July 2022 Accepted: 14 April 2023

DOI: 10.1111/poms.14017

ORIGINAL ARTICLE

Offset or reduce: How should firms implement carbon footprint
reduction initiatives?

Nils Roemer! |

!nstitute of Logistics and Supply Chain
Management, University of Hamburg, Hamburg,
Germany

2Haslam College of Business, University of
Tennessee, Knoxville, Tennessee, USA

3Department of Leadership and Management,
Kiihne Logistics University, Hamburg, Germany

Correspondence

Nils Roemer, Institute of logistics and supply
chain management, University of Hamburg,
Moorweidenstraf3e 18, 20148, Hamburg, Germany.
Email: Nils.Roemer @uni-hamburg.de

Handling Editor: Yanchong Karen Zheng

1 | INTRODUCTION

Gilvan C. Souza® |

Christian Troster’ | Guido Voigt!

Abstract

Carbon emissions reduction initiatives have received considerable attention at the cor-
porate level. Companies such as Daimler, Apple, and Amazon have publicly declared
their goal of becoming carbon neutral or “net zero” in a near future. They are respond-
ing to a growing demand for sustainable products and services. Companies have a
variety of options for carbon emission reductions available to them, including inter-
nal reductions such as adopting renewable energy as well as buying carbon offsets.
This raises the question of whether consumers perceive the different types of car-
bon emission reductions as equivalent, or whether they favor the implementation of
internal measures. We investigate this issue empirically through surveys and incentive-
compatible discrete choice experiments. We find clear consumer preferences and
willingness to pay for companies to reduce their carbon footprint when companies
internally reduce their controllable emissions rather than buying carbon offsets for
these emissions, and it is especially true for eco-conscious consumers. Consumers place
roughly the same value, however, on internal reductions in controllable emissions and
buying offsets for the same amount of uncontrollable emissions.

KEYWORDS
behavioral operations, carbon footprint, carbon offsets, sustainable operations

2018a). The COVID-19 pandemic appears to have acceler-
ated these trends. According to studies conducted by IBM and

Consumers are increasingly becoming more socially and
environmentally conscious and carefully choosing the types
of products they buy as a result (CDP, 2019). In one esti-
mate, 40% of American consumers participate in the $300
billion conscious consumer market (Cohen & Muiioz, 2017),
while another study estimates that sustainable products (i.e.,
those that have environmental labels and/or are certified by
a third party) would have accounted for 25% of total retail
sales in the United States in 2021 (Nielsen, 2018b). Simi-
larly, in Europe about 26% of consumers can be classified
as “pro-environmentalists,” who are willing to pay more for
sustainable products (Golob & Kronegger, 2019). Globally,
about 81% of respondents in a survey feel that compa-
nies should contribute to helping the environment (Nielsen,

Accepted by Yanchong Karen Zheng, after two revisions.

the National Retail Federation, purpose-driven consumers
(who are willing to change their shopping habits to reduce
their environmental impact) already account for the largest
segment of the population in 2022 at 44%, from 40% in 2020,
in two samples of over 19,000 consumers worldwide (Haller
etal., 2022). As detailed later, there is empirical evidence that
some consumers in some settings voluntarily pay more for
lower carbon footprint products or services (Brouwer et al.,
2008; Diederich & Goeschl, 2014; Golob & Kronegger, 2019;
Lanz et al., 2018; MacKerron et al., 2009; Schwirplies &
Ziegler, 2016; Schwirplies et al., 2019). Facing these trends,
many large consumer products firms, such as Unilever and
L’Oreal, plan to introduce carbon labeling in their products
(Asad, 2021).

In accordance with these trends, we focus on a prod-
uct (or service) carbon footprint as a measure of its
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OFFSET OR REDUCE CARBON FOOTPRINT

environmental impact. A product carbon footprint includes
all the greenhouse gas (GHG) emissions in the product’s
life cycle, including sourcing of raw materials to make the
product, transportation, manufacturing, distribution, use with
consumers, and end of life (Greenhouse Gas Protocol, 2011).
Some GHG emissions, such as burning of fossil fuels for
transportation, are direct (scope 1), whereas others, such as
use of electricity (scope 2), are usually indirect. A consumer-
facing firm, such as Apple or Patagonia, has control over
some GHG emissions, especially those taking place within
their boundaries. For example, it can switch to renewable
energy and thus avoid indirect emissions from electricity
use (scope 2), which may be produced by a utility burn-
ing fossil fuels. It can also use electric vehicles for its fleet.
Such firms also have some control over emissions taking
place at suppliers (scope 3) by switching to less emissions-
intensive materials; for example, Apple halved the MacBook
Air and Mac Mini’s carbon footprint by switching to recy-
cled aluminum (Apple, 2019). Many firms use the concept
of marginal abatement cost to rank the carbon reduction
opportunities in terms of increasing dollars per ton of car-
bon dioxide equivalent (CO,-eq) emissions (Blanco et al.,
2020; Blanco, 2022; Kesicki & Strachan, 2011)—as the
marginal cost to internally reduce GHG emissions increases,
it may become financially unfeasible to pursue such reduc-
tions beyond a certain level for some firms. In addition, a
significant portion of a product carbon footprint cannot be
controlled by the firm, as it takes place upstream in the supply
chain (scope 3). For example, electric vehicles have signif-
icantly lower GHG emissions during the use stage of the
life cycle, but components such as batteries, with their com-
plex supply chains, have high resource use with its associated
GHG emissions (Dolganova et al., 2020; Moro & Helmers,
2017). As a result, to voluntarily lower a product carbon
footprint further, firms buy carbon offsets.

Carbon offsets are sold by nongovernmental organizations
(NGOs) directly or through brokers or retailers and are instru-
ments, sold typically in units of one metric ton of CO,-eq
(tCO,-eq), available to firms to compensate for or neutralize
unabated emissions occurring in their supply chain by retir-
ing or cancelling them in a registry (Natural Capital Partners,
2022). NGOs implement carbon reduction projects (from the
existing baseline), such as reforestation, additional renewable
energy, and methane capture from farms and landfills, among
others. Offsets should be additional, that is, the carbon reduc-
tion project should only be made possible through the sale of
offsets. Compliance offset markets exist for regulated firms
to comply with carbon regulations, such as cap and trade.
Offsets in voluntary markets, on the other hand, are decen-
tralized and may vary in price, depending on a combination
of offset project characteristics such as project type, location
(regional or not), and accreditation by a particular standard
body, among others (Ecosystem Marketplace, 2020). With
voluntary offset markets, firms can purchase carbon offsets to
compensate for their internal GHG emissions and even for the
uncontrollable emissions in their supply chains (Caro et al.,
2013; Kammen et al., 2018).
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Hence, both internal reductions in a firm’s operations and
carbon offsets are accounted for in a product carbon footprint.
For example, Microsoft’s Xbox gaming console has been cer-
tified carbon neutral, through a combination of low-emission
materials and operations and carbon offsets for the resid-
ual emissions in the product’s life cycle.! Because carbon
dioxide is a global pollutant, it should not make a differ-
ence to consumers if one ton of CO,-eq footprint reduction
is achieved from reductions in a firm’s internal GHG emis-
sions or through the purchase of carbon offsets that meet the
additionality criterion (e.g., from reforestation accomplished
through the sale of carbon offsets). Hence, it may be argued
that (some) consumers would be willing to pay the same
amount for two products with identical carbon footprints
achieved through a different mix of internal emissions reduc-
tions and carbon offsets. We empirically test this premise,
which is our first research question:

RQ1: Do consumers perceive internal emissions reduc-
tions and carbon offsets as equivalent alternatives in
reducing a product or service carbon footprint? If not, what
is the difference in consumers’ willingness to pay for a unit of
carbon footprint reduction for both methods?

We find that, on an average for students in a major
German university, consumers value internal reductions
significantly more than carbon offsets when assessing con-
trollable emissions. However, consumers value carbon offsets
for uncontrollable emissions roughly equally to internal emis-
sions reductions for controllable emissions. We then attempt
to find the driver of such behavior, which is our second
research question:

RQ2: Do more environmentally conscious consumers have
a higher difference in willingness to pay for a unit of carbon
footprint reduction for both methods?

We find the answer to RQ2 to be positive, and we explain
the reasoning in the paper. In sum, more environmentally
conscious consumers might (1) be more knowledgeable of
some shortcomings with carbon offsets, such as additionality
and permanence (e.g., will planted trees survive?); and (2) be
more sensitive to some beliefs that carbon offsets are a form
of “greenwashing” (The Guardian, 2011).

The key contribution of our paper is to investigate,
using revealed as opposed to stated preferences, how con-
sumers perceive two fundamentally different types of carbon
abatement initiatives by firms: carbon offsets vs. internal
reductions. As discussed in the literature review, Section 2,
previous research investigates consumer behavior towards
carbon offsets only, without comparison with internal reduc-
tions, and such studies use stated preferences in hypothetical
scenarios. In contrast, we introduce internal carbon reduc-
tions in the choice set of consumers, and our incentivized
controlled experiment distinguishes between controllable and
uncontrollable emissions, which is a crucial difference in
consumers’ attitudes towards carbon offsets, as our results
demonstrate. Importantly, our experiments do not present a
hypothetical scenario, as shipment of the package in our
experiments indeed takes place with the participant’s choice
of shipping mode (electric vs. gasoline vehicle) and emissions
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are offset if the participant chooses so. Finally, we offer some
empirical evidence for potential drivers of such consumer
behavior: their overall environmental attitudes and their level
of moral identity.

The remainder of this paper is organized as follows. In
Section 2, we review the academic literature most related to
our paper. In Section 3, we formally develop our hypotheses.
In Section 4, we describe the results of a stated preference
survey of consumer attitudes towards carbon footprint reduc-
tion methods conducted at Amazon MTurk. In Section 5,
we provide our main results for an incentivized, controlled
discrete-choice experiment. We conclude in Section 6.

2 | LITERATURE REVIEW
Our paper empirically studies the impact of the carbon foot-
print of a product or service and in particular the impact of
internal emissions reductions by the firm compared to off-
sets, on consumers’ willingness to pay (WTP) for the product
or service. It is thus broadly related to studies of consumer
behavior towards products marketed as environmentally or
socially responsible. We can distinguish three substreams
of literature: environmentally friendly consumer behavior in
marketing, impact on a firm’s demand of social responsibility
(SR) violations in its supply chain, and, more closely to our
paper, impact of a product’s carbon footprint on its demand.
In the marketing literature, Huang and Rust (2011) posit
that consumers act to maximize their happiness, which com-
prises their own standard of living, psychological reward
from green behavior, and charitable behavior. In terms of
appealing to consumer charitable behavior, there is empiri-
cal evidence that some consumers choose products or firms
associated with certain social causes, or cause marketing
(Krishna & Rajan, 2009), or embedded premiums (Arora &
Henderson, 2007), with some arguing that such consumers
feel “warm glow” (Andreoni, 1990). In terms of appealing
to consumer green behavior, White and Simpson (2013) state
that firms can highlight the benefits of consumer action (ben-
efit appeals), in addition to highlighting what one should do,
or what others are doing (descriptive appeals). This is consis-
tent with our incentivized discrete-choice experiment, where
the offered service has its carbon footprint clearly stated (and
if any carbon offsets or internal reductions are used), and sub-
jects are informed and can check later that the consumption
of the service indeed produces the stated carbon emissions.
In the operations literature, many papers employ analytic
models that explicitly consider the negative impact on a
firm’s demand of inadequate environmental or SR practices
in its value chain. Such practices include packaging waste
(Aydinliyim & Pangburn, 2012), child labor (Cho et al.,
2019), unsafe conditions for workers at suppliers’ factories
(Plambeck & Taylor, 2016), unsustainable wood harvesting
(Orsdemir et al. 2019)), and other SR violations at suppli-
ers (Guo et al., 2016; Kalkanci & Plambeck, 2020). In our
case, subjects have a choice of service, with at least one
(more expensive) option having a voluntary carbon footprint

reduction by the firm. Gao (2020) and Gao and Souza (2022)
model the positive impact of cause marketing practices
and carbon footprint reduction, respectively, on a segment
of consumers, and the corresponding impact on the firm’s
investments in such practices. Empirically, some researchers
have found that being transparent in SR practices can have
a positive impact on a firm’s demand (Buell & Kalkanci,
2021; Kraft et al., 2018; Pigors & Rockenbach, 2016; Tully
& Winer, 2014). Using stated preference methods, Golob
and Kronegger (2019) measure consumers’ WTP for envi-
ronmentally friendly products in general. Our paper is more
closely related to Buell and Kalkanci (2021), who conduct
a field experiment to find the impact of transparency in
internal versus external (to the firm) SR practices on a cus-
tomer’s purchasing probability. Specifically, carbon offsets
in our context loosely mirror external SR practices in their
context (an investment of part of the profits in the com-
munity or removing invasive species during the company’s
annual volunteer day). In addition, internal carbon reductions
in our paper loosely mirror internal SR initiatives in their
context (paying living wages to factory workers in a develop-
ing country or composting chaff from coffee roasting). Our
findings are consistent with Buell and Kalkanci (2021) in
that internal SR initiatives have a positive impact on sales
by as much or even more than external SR initiatives. That
is, we find that consumers value internal carbon abatement
reductions for controllable emissions similarly to (external)
carbon offsets for uncontrollable emissions. However, con-
sumers strongly prefer internal reductions to carbon offsets
for controllable emissions. Thus, consumer preferences for
carbon abatement types are fundamentally different across
controllable and uncontrollable emissions, a crucial distinc-
tion. In our case, the firm is transparent about the use (or not)
of carbon offsets in the service carbon footprint, and we mea-
sure the WTP by consumers for a service with a lower carbon
footprint through incentivized discrete-choice experiments.

Indeed, some researchers have empirically found that con-
sumers are willing to pay for voluntary emissions reductions
in settings such as buying offsets for airline or train tick-
ets (Brouwer et al., 2008; Diederich & Goeschl, 2014; Lanz
et al., 2018; MacKerron et al., 2009). In such setting, a
consumer’s only choice is whether to buy offsets for their
allocated emissions in the trip; in our case consumers have
a choice of different product options, with some having emis-
sions reductions through carbon offsets, others from internal
reductions using low carbon transportation, and yet others
with a combination of these options.

Finally, regarding the different options for carbon foot-
print reduction: voluntary internal emissions reductions or
carbon offsets, a stream of research has specifically ana-
lyzed how consumers perceive the use of carbon offsets
by firms. Blasch and Farsi (2014) conduct a hypothetical
discrete-choice experiment and conclude that carbon offsets
are perceived as differentiated goods. Using data from an
international survey, Schwirplies and Ziegler (2016) find that
consumers with a higher degree of green identity, which is
measured on a scale that we also use in this paper, have a
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higher WTP for climate friendly products, on average, and
that carbon offsets are perceived with a certain degree of
uncertainty. Schwirplies et al. (2019) conduct a hypothetical
discrete-choice experiment for consumers choices in travel
with different types of carbon offsets and find that con-
sumers prefer offsets that are related to regional (as opposed
to global) and reforestation (as opposed to renewable energy)
projects. In a stated preference study, MacKerron et al. (2009)
find that consumers prefer offsets that are certified by a third
party when buying airline tickets. Finally, using a hypo-
thetical discrete-choice experiment in the airline industry,
Hardisty et al. (2019) find that consumers respond signif-
icantly more favorably to a description of upstream offsets
than to downstream taxes. It is clear from this literature that
consumers do not perceive all offsets to be created equal. In
our experiment, we do not state the origin and type of offsets
in order to cleanly separate the difference in WTP between
offsets and internal emissions reductions by consumers.
In addition, our experiment does not present a hypothet-
ical scenario: the service chosen by each subject actually
takes place, with carbon emissions occurring as stated to
subjects.

3 | HYPOTHESES

As previously discussed, many surveys worldwide show that
a growing proportion of consumers consider sustainability of
a product or service as important in their purchasing deci-
sions (CDP, 2019; Haller et al., 2022; Nielsen, 2018a, 2018b).
Firms are responding to this trend, leading to a growing mar-
ket of sustainable products and services, and we focus on
a product or service carbon footprint as a key component
of sustainability.

We can conceptualize the different options available to a
company to reduce its carbon footprint into internal reduc-
tions and carbon offsets. Internal reductions are the reduction
or avoidance of carbon emissions within the boundaries of
a company. Examples include the implementation of energy
efficiency projects, the development/expansion of renewable
energies on site, and the substitution of fossil fuels (e.g., use
of hydrogen fuel cells). There are emissions that occur out-
side the company’s boundaries (scope 3 emissions), such as
emissions from suppliers in resource extraction and compo-
nent production. Although the firm has some control in scope
3 emissions through design choices (e.g., low emissions
materials) and sourcing, in many cases the firm has little con-
trol over how resources are extracted and processed upstream
in its supply chain. Because these emissions are uncontrol-
lable, yet part of a firm’s carbon footprint, the firm must
buy carbon offsets, which are carbon reduction or avoidance
projects outside the company’s supply chain.

Gao and Souza (2022) show how a company should
choose between internal reductions and buying offsets to
attract eco-conscious consumers to buy products while
maximizing profits. They conclude that companies should
primarily look at the marginal cost of the reduction measure

and take the cheaper one, assuming that internal reduc-
tions and the purchase of offsets are considered equivalent
measures.

In a sense, eco-conscious consumers already represent a
deviation from the theoretical concept of the rational profit-
maximizing decision-maker because such consumers take the
consequences for the environment into account in their pur-
chase decisions, that is, they have environmental preferences
that impact their utility. Since the reduction of carbon emis-
sions is the answer to a global problem, climate change,
and carbon emissions are a global pollutant, it is reasonable
to assume that consumers would not care where the emis-
sions are produced or reduced. This thesis would support the
assumption that consumers do not distinguish between inter-
nal reductions and the purchase of offsets. If this is the case,
companies could proceed according to Gao and Souza (2022)
and pursue the mix of offsets and internal reductions that
maximizes their profits.

On the other hand, the topic of offsets is discussed
intensively and controversially in the greenwashing debate.
While many companies consider offsets as a key element to
achieve their climate goals (e.g., becoming “net-zero”), envi-
ronmentalists and activists are sounding the alarm (Boyle,
2021; Greenberg, 2021; Smoot, 2022). Offsets do not per
se preserve natural resources and could enable irreversible
exploration while maintaining a balanced carbon footprint.
In order to enable sustainable compensation, offsets have
to be additional and permanent. A 2016 study published
by the European Commission concluded that 85% of the
projects considered did not meet the additionality criterion
(Cames et al., 2016). In addition, it has become apparent that
there is great uncertainty regarding the permanence of off-
set measures. For example, severe forest fires in California in
2021 destroyed large tracts of forest that Microsoft and BP
financed as offsets (Winston, 2021). The criticism around the
topic of offsets and the problems that (still) exist could have
the consequence that consumers distinguish between internal
reductions and the purchase of offsets.

In addition to concerns about additionality and permanence
of carbon offsets, there are also ethical concerns about off-
sets. Even assuming that an offset has a certain and identical
outcome as an internal reduction, it is questionable whether
an organization or individual is fulfilling its duties to society
and or the environment by buying offsets rather than reducing
or avoiding its own emissions. That it can make a difference
to refrain from own wrongdoings instead of paying some-
one else for them was demonstrated (admittedly satirically,
but very illustratively) by Christian Hunt and Alex Randal
in 2009. As a critique of carbon offsets, they hosted the site
www.cheatneutral.com (no longer in existence) and offered
users the opportunity to pay others not to cheat as an offset to
cheating their own partner. This is argued from the perspec-
tive of the buyer, and the question raised is whether there are
certain natural or social duties from which one cannot buy
oneself free. Goodin (1994) elaborates on the moral problem
of offsets from the seller’s perspective (“selling what is not
yours to sell”’). The author asks the question who has the right
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to offer forgiveness and argues that this can only lie with the
damaged party (in this case nature, society, or future genera-
tions). In this context, offsets are compared to the indulgences
of the Church in the middle ages, where people could buy
forgiveness for their sins from the pope (or people appointed
by him). Hyams and Fawcett (2013) conclude that there is
still much work to be done to reach a more complete under-
standing of the ethics of offsets, but that there are several and
clear objections (such as duties or fairness) that argue against
offsets being morally justifiable. In this light, we see the pos-
sibility that a distinction could also be made between offsets
and internal reductions on moral grounds.

As we have shown, there are arguments both for and

against the assumption that offsets and internal reductions
are equivalent measures (global problem vs. uncertainty and
ethical concerns). Since the counterarguments are both more
emotional, but also more prevalent in the media, we speculate
that there is a preference for internal reductions. We examine
the question with the following hypothesis:
Hypothesis 1: Consumers prefer to avoid emissions
through internal reductions rather than by
compensating for emissions through the
purchase of carbon offsets.

Our core argument is that consumers’ preference for prod-

ucts that avoid emissions is based on their belief that natural
resources should be preserved rather than be exploited.
This belief is reflected in the so-called new environmental
paradigm (NEP). According to Dunlap et al. (2000), the NEP
can be used to reflect the ecological worldview of individuals,
enabling a division into the more environmentally conscious
(hereafter eco-conscious) and the less environmentally con-
scious. As eco-conscious consumers are more aware of these
nuances, they might be more likely to distinguish between
internal reductions and the purchase of offsets. We test this
relationship with the following hypothesis:
Hypothesis 2: Consumers with higher levels of NEP are
more likely to choose avoiding emissions
(internal reductions) than compensating for
emissions (buying offsets) compared to
consumers with lower levels of NEP.

Since it might be considered immoral to buy offsets instead
of avoiding emissions, as argued above, we further hypoth-
esize that moral behavior translates to a preference for
avoiding emissions, compared to offsets. We measure moral
behavior using the “moral identity” (MI) scale by Aquino and
Reed (2002), as detailed later, which measures the impor-
tance of morality to an individual and is associated with moral
behavior. That is:

Hypothesis 3: Consumers with higher levels of MI are
more likely to have a preference for avoiding
emissions (internal reductions) relative to
compensating for emissions (buying offsets)

when compared to consumers with lower
levels of MI.

We empirically investigate the hypotheses through
online surveys and the incentivized, controlled discrete-
choice experiment.

4 | PRESTUDY ON AMAZON MTURK

4.1 | Design

We first conducted an online experiment on Amazon MTurk
to obtain some general consumer trends. Subjects were intro-
duced to the terms carbon footprint, controllable emissions,
uncontrollable emissions, carbon offsets, and internal reduc-
tions on an instruction page. The definitions of the terms
were available to the subjects for the duration of the exper-
iment. The subjects went through six stages. In stages 1-3,
subjects made hypothetical choices concerning the shipment
of a parcel within the United States (from east to west coast)
by airmail.

In stages 1 and 2, the subjects selected one of two alter-
natives. In stage 1, the alternatives differed in price and
carbon footprint. Subjects chose five times (in random order)
between an alternative, which had a price of $35 and a carbon
footprint of 15 kg, and an alternative with a zero carbon foot-
print and a randomly drawn price from the set {$35, $35.20,
$38, $45, $70}.

In stage 2, subjects made two choices. First, they chose
between two alternatives in which uncontrollable emissions
(4.5 kg) were not offset. Controllable emissions were inter-
nally reduced in alternative 1 and offset in alternative 2.
Second, they chose between two carbon-neutral alternatives
(i.e., uncontrollable emissions were offset), while control-
lable emissions were again internally reduced (alternative 1)
or offset (alternative 2).

In stage 3, subjects indicated how much more they were
willing to pay for alternative 2 compared to alternative 1.
There were four choices between alternatives 1 and 2, with
alternative 1 remaining unchanged with a carbon footprint
of 15 kg. alternative 2 took (in random order) the follow-
ing characteristics once for each decision: (i) uncontrollable
emissions were offset, (ii) controllable and uncontrollable
emissions were offset, (iii) controllable emissions were
avoided through internal reductions, and (iv) controllable
emissions were avoided through internal reductions, and
uncontrollable emissions were offset.

In stage 4, subjects were asked general questions regard-
ing their attitudes and views on carbon emissions and how
companies should deal with them. In stage 5, we surveyed
subjects’ attitudes and awareness regarding the environment
according to the NEP of Dunlap et al. (2000). Thereby, sub-
jects were presented with 15 statements on the environment
and nature (see Appendix A). They indicated their agreement
or disagreement on a five-point Likert scale (from “strongly
agree” to “strongly disagree”). From the information
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TABLE 1 Percentage frequency of choice: Buying offsets versus

internal reductions.

Controllable emissions

Buying offsets | Internal reductions
Not offset 40% 60%
Uncontrollable Offset (carbon 449 56%
.. neutral
emissions .
alternative)
Average 42% 58%

provided, a score is calculated that ranges from 1 to 5, with
5 representing a very high level of environmental awareness
and 1 representing a very low level. The last stage 6 consisted
of demographic and socioeconomic questions. Each subject
was paid $1 for participation.

4.2 | Prestudy results

A total of 197 people on Mturk participated in the study and
answered all questions completely: 65% of subjects reported
male as their gender, and 35% reported female. The reported
average age was 35 years. Survey data were collected within
2 h on December 8, 2020.

The answers to the questions in stage 1 show a clear pref-
erence for the carbon-neutral alternative, even if this comes at
a higher cost. The proportion of subjects choosing the alter-
native with zero carbon footprint, versus the alternative with
15 kg, depending on the price is shown in Figure 1. Subjects
show price sensitivity despite the hypothetical choice, that is,
the share of the carbon-neutral alternative decreases as the
price increases.

The responses in stage 2 clearly show that subjects dis-
tinguish between different measures to reduce the carbon
footprint (see Table 1). In a direct comparison, internal reduc-
tions account for a larger share compared to the purchase
of offsets (on average, 60% vs. 40%, binomial test, p <
0.001). This preference is less pronounced when uncontrol-
lable emissions are offset at the same time (56% vs. 44%,

but still significant, binomial test, p = 0.012). While these
results are statistically significant, it is interesting to observe
that offsets still were chosen by more than 40% of subjects on
average. For both scenarios, however, it appears that subjects
prefer avoiding emissions to compensation by purchasing off-
sets, which supports Hypothesis 1. This indicates that there
may be different consumer perceptions on the effectiveness
of carbon emission initiatives.

In stage 3, subjects stated a median WTP for carbon reduc-
tions of (i) $10 for uncontrollable emissions to be offset, (ii)
$12 for controllable and uncontrollable emissions to be off-
set, (iii) $10 for controllable emissions to be avoided through
internal reductions, and (iv) $10 for controllable emissions
to be avoided through internal reductions and uncontrollable
emissions to be offset. The average WTPs do not show a
clear preference towards one of the measures (single-factor
analysis of variance), which contradicts Hypothesis 1. On
average, we, therefore, do not observe that a preference
for internal reductions translates to a higher WTP for this
measure.

In stage 4, we observe an average NEP value of 3.34 (SD
0.61), which is significantly (z-test, p < 0.001) lower than the
reported NEP value of 3.75 by Dunlap et al. (2000) and also
lower than the 3.96 average NEP value found in a study of
400 MTurk workers (Klain et al., 2017). According to pre-
vious literature, the average MTurk worker is expected to
report higher approval ratings for proenvironmental attitudes
than the average population (Levay et al., 2016). This is not
evident in our sample.

We model subjects’ decision behavior with a binomial logit
model. Subjects have significantly higher alternative-specific
utility from choosing the carbon-neutral alternative (alterna-
tive 2). This utility can be translated into an implicit WTP
for alternative 2 and amounts to $13.36 (p < 0.001). which is
similar to the explicitly stated WTP ($10) in survey section 3.
Despite the hypothetical decision, there is a significant nega-
tive effect of price on the choice of alternative 2 (p < 0.001).
We analyze the influence of the NEP value on the deci-
sion and find that an increase of one unit on the NEP scale
corresponds to an increase in WTP of $11.29 (p < 0.001).
There is also a significant influence of NEP on the decision
between internal reductions versus buying offsets. The higher
the subject’s NEP, the more likely they are to choose internal
reductions, which supports Hypothesis 2. This effect is sig-
nificant both when no offsets are purchased to compensate
for the uncontrollable emissions (p = 0.01) and when this is
the case (p = 0.02).

Overall, the subjects’ choices are consistent with what
they indicated in the final survey. Over 90% of the subjects
indicated that it is important that humanity emits fewer car-
bon emissions. Over 80% indicated that they try to reduce
their carbon emissions, and they welcome companies offering
carbon-neutral products. Furthermore, 60% stated that they
consider internal reduction to be the most appropriate mea-
sure to reduce controllable emissions, 30% mentioned the
purchase of offsets, and 10% stated that the two measures
have the same impact from their point of view.
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4.3 | Summary and motivation for
incentivized study

We find that subjects have on average a clear, but price-
sensitive preference for carbon-neutral shipments. The
preference is slightly but significantly more pronounced if
internal reduction measures are taken. We observe that NEP
is a good predictor for the (hypothetical) WTP and the means
to reduce emission.

A clear drawback of this study is that it employs stated
preferences only, that is, the WTP found is hypothetical. In
other words, there is no cost for subjects to comply with
what is considered a socially desirable behavior and to choose
an environmentally friendly alternative or to indicate a high
WTP (Auger & Devinney, 2007; Camerer & Hogarth, 1999;
O’Rourke & Ringer, 2016). The implicit WTP of $13.36 or
the explicitly stated WTP of $10 to $12 correspond to WTP
between $667 and $890 per ton of CO,-eq reduction. Previ-
ous studies found considerably lower values for WTP per ton
of CO,-eq: €25 (Brouwer et al., 2008), €32 (MacKerron et al.,
2009), and up to €335 depending on context (Schwirplies
et al., 2019). This phenomenon is referred to in the litera-
ture as hypothetical bias and has been observed in numerous
studies (Harrison & Rutstrom, 2013). To address the problem
of decisions without consequences for the decision-maker,
we conducted an incentivized controlled discrete-choice
experiment. In this experiment, subjects made real mone-
tary decisions and carbon emissions actually occurred as a
consequence of their decisions.

5 | CONTROLLED AND INCENTIVIZED
DISCRETE-CHOICE EXPERIMENT

5.1 | Experimental setup

To overcome the hypothetical choice bias, we designed an
experiment using oTree (Chen et al., 2016). In the exper-
iment, subjects face a trade-off between real monetary
consequences and real carbon emissions. The experiment had
an approximate duration of 75 min and was conducted with
a total of 81 graduate and undergraduate students from the
University of Hamburg in three sessions (27 subjects each) in
December 2022. Subjects were recruited via the web-based
software hroot, invited to an experimental laboratory and
placed in cubicles during the experiment (Bock et al., 2014).
Communication between participants was prohibited.

As a first task, subjects were asked to respond in writing
to questions regarding studying during the COVID-19 pan-
demic. A total of three questions were asked about the impact
of the pandemic on students’ lives in general, on their studies
individually, and how they perceived their respective univer-
sity’s measures to deal with the pandemic. The questionnaire
contained only topics that were unrelated to the actual exper-
iment in order to avoid framing effects. The subjects had
15 min to write their answers and were then asked to put them
in an envelope and seal it. As Carlsson et al. (2013) show, the

endowment of subjects in experiments with windfall money
can influence their behavior and they are more likely to spend
more money than they would with their own, a phenomenon
known as the house money effect. The house money effect
can be strongly reduced or neutralized if the subjects in
experiments have to work for the money endowment (Carls-
son et al., 2013). In our experiment, the work performed by
the subjects is the 15-min writing task described above, and
we tied the money endowment, €12, as an exchange for the
envelope with the written information of the subjects.

Subsequently, the experiment was continued in a
computer-assisted manner. We collected two scales for
later evaluation of the experiment. First, we replicated the
well-performing NEP scale from the prestudy. Second, we
measure MI according to Aquino and Reed (2002) with 10
items on a 1-5 Likert scale (Appendix B). Thereby two con-
structs are formed: (i) symbolization, the degree to which
the moral traits are reflected in the subjects’ actions in the
world, and (ii) internalization, the degree to which the moral
traits are central to the self-concept. Both constructs take val-
ues from 1 to 5, where 5 indicates high degrees and vice
versa.”

We collected the scales before familiarizing the subjects
with the instructions for the experiment to avoid con-
founding effects. Subjects were given instructions about the
experiment, definitions of relevant terms (carbon footprint,
controllable emissions, uncontrollable emissions, carbon off-
sets, and internal reductions), and 30 min to engage with
the instructions. We informed the subjects that a quiz on the
instructions would follow and that this quiz had to be passed
in order not to be excluded from the experiment.

The quiz consisted of three blocks with several questions in
each block. All questions in a block had to be answered cor-
rectly to complete the block and move on to the next block.
The questions could be answered using the information from
the instructions. For each block, subjects had five attempts.
After three unsuccessful attempts, subjects were warned that
only two attempts remained and that failure in the attempts
would result in exclusion from the experiment and most of the
payoff (except for a show-up fee of €3). For each block where
a subject answered all questions correctly on the first attempt,
the payoff amount from the experiment was increased by €1.
Subjects could generate a maximum of three additional euros
from the quiz. Only subjects who successfully completed
the quiz progressed to a discrete choice experiment. Subjects
without success were excluded from the further course of the
experiment and received a show-up fee of €3 and eventual
payments from the quiz. Subjects then decided what to do
with the envelope that comprised the research data from the
writing task in a discrete choice experiment. Subjects had the
option of choosing to send the envelope to our research part-
ner. The subjects were offered a €12 premium for sending
their research data, minus the cost of shipping the envelope.
There were six alternative shipping modes, which were asso-
ciated with different costs for the subjects and with different
carbon emissions® as shown in Table 2.* Subjects were asked
to choose one of the six alternatives.
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TABLE 2
and emissions.

Shipping modes available to subjects, with respective costs

Total

carbon

emissions

before
Shipping Transportation offsets (kg Emissions
mode mode CO,-eq)  offset Price levels (€)
1 Gasoline engine  3.63 0 2.75, 3.00, 3.25
2 Gasoline engine  3.63 2.00 3.50, 3.75, 4.00
3 Gasoline engine  3.63 3.63 4.11,4.36, 4.61
4 Electric engine 1.63 0 3.50, 3.75, 4.00
5 Electric engine 1.63 1.63 4.11,4.36, 4.61
No shipping No shipping 0 - -

As shown in Table 2, shipping modes 1-3 take place
with a gasoline engine car, while shipping modes 4 and 5
occur with an electric engine car. Direct controllable emis-
sions from gasoline combustion account for 2 kg CO,-eq
of the total 3.63 kg CO,-eq for the gasoline car, with the
remaining 1.63 kg CO,-eq uncontrollable emissions occur-
ring during other stages of the product’s life cycle such as
production. Shipping mode 2 offsets only controllable emis-
sions, and shipping mode 3 offsets all emissions. Each of the
two electric car modes avoids 2 kg CO,-eq from controllable
emissions (after taking into account any charging-related
emissions.) Shipping mode 5 offsets the indirect uncontrol-
lable emissions from the electric car. To compensate for
emissions when participants selected alternatives 2, 3, or
5, we purchased offsets from the provider myclimate.org.
To avoid framing, we did not tell subjects the name of the
provider but simply stated that we would purchase offsets
if the corresponding alternatives were chosen. As described
below, shipments do take place, so subjects’ decisions have a
direct impact on the environment.

Subjects started with a trial choice to familiarize them-
selves with the task, that is, they made a choice with no direct
consequences (see Appendix D). Subsequently, each subject
decided on the shipping mode a total of nine times, as follows.
Each mode costs one of three possible price levels, as shown
in Table 2. We used a full factorial design and generated
243 different choice sets by combining all price levels of the
alternatives (three levels for each of the five shipping modes:
3% = 243 choice sets). A subject was randomly assigned to
nine of the 243 possible choice sets. Over the three sessions,
each possible choice set was displayed to three subjects for
a decision.

After the last choice by each subject, we drew a random
number to determine which decision among the nine chosen
was relevant for the payoff and for the actual shipment, sim-
ilarly to Ding et al. (2005). Specifically, subjects were told
that one of their nine decisions determined how the envelope
would be shipped, and for this (randomly chosen) decision
they received €12 minus the price of the respective mode. In
addition, the delivery of the envelope to the research partner
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TABLE 3 Descriptive statistics.

Variables Mean
Payoff €14.07
Female 66.7%
Male 29.6%
Diverse 3.7%
Age 25.11
Monthly income €1527
NEP (max = 5) 3.83
MI_symbolization (max = 5) 2.94
MI_internalization (max = 5) 4.32
Frequency of shipping mode choice

1. Gasoline engine 32.6%
2. Gasoline engine + offset controllable 7.7%

3. Gasoline engine + offset controllable + offset uncontrollable ~ 4.8%

4. Electric engine (avoid controllable emissions) 20.7%

5. Electric engine (avoid controllable emissions) + offset 33.9%
uncontrollable

6. No shipping 0.3%

through the chosen mode would cause the stated emissions.
Subjects could also opt out of shipping at no cost and hence
have zero emissions through the “no shipping” alternative and
keep their envelope. However, by doing so, they forfeited the
€12 premium.

The discrete choice task was followed by a postexperimen-
tal questionnaire (see Appendix E) on carbon emissions and
measures to reduce the footprint. In addition, demographic
data (age, gender, and income) were collected.

Finally, the subjects were paid according to their per-
formance in the quiz (up to €3), their decisions regarding
shipping (€12 minus the price of the chosen alternative),
and which round was randomly determined for the payoff.
Each subject also received a show-up fee of €3. Tak-
ing into account the prices of the shipping alternatives,
the subjects could earn between €3 and €15.25. Subjects
who opted for shipment had to hand in their envelope for
shipment.

We stressed that the shipments were real; therefore, the
carbon emissions would actually take place. To this end, all
subjects received a handout with a QR code. This led to a
website provided by us in which the subjects could obtain
the shipping status of their envelope and subsequent infor-
mation on our experiment (total emissions caused, emissions
avoided (if an electric car was used), emissions compensated
by offsets, and a certificate confirming the purchase of the
offsets).

5.2 | Experimental results

Table 3 reports the means of the dependent and explanatory
variables for our entire sample of 81 subjects (no subject
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failed the quiz). The subjects in our experiment earned on
average €14.07 in the experiment. Overall, 66.7% of subjects
identified with the female gender, 29.6% with the male gen-
der, and the remaining 3.7% stated diverse. The average age
was 25, and the reported mean monthly income was €1527
(median income €1000).

The most popular alternative is shipping mode 5, electric
engine (avoid controllable emissions + offset uncontrollable)
with 33.9% of choices and an average price of €4.36 fol-
lowed by the cheapest alternative shipping mode 1 (€3.30
on average) with 32.6% of choices. The data show that the
subjects decided in 67.4% of all decisions on the shipping
mode in favor of more environmentally friendly alterna-
tives, even if these were associated with a higher price. It
also shows that the modes in which controllable emissions
are avoided, that is, modes 4 and 5, account for a particu-
larly high share (54.6%) of decisions. A direct comparison
of shipping mode 2 with 4, as well as 3 with 5, shows
that subjects chose to avoid controllable emissions, rather
than purchase offsets to compensate for them, significantly
more often. This shows that the two measures are not val-
ued equally, and there appears to be a preference for carbon
emission avoidance, which supports Hypothesis 1. However,
the very low proportion of shipping mode 6 at 0.3% also
shows that the subjects are not willing to avoid emissions
at all costs. This raises the question of how much subjects’
WTP differs for different measures and what the drivers
are.

We analyze the data with a multinomial logit model
(MNL), defining shipping mode 1 (no avoidance, no offsets)
as the reference alternative. We investigate utility differences
between the different alternatives and derive implied willing-
ness to pay (WTP model), of the subjects in the experiment,
for more environmentally friendly alternatives compared to
the reference alternative.

Hereafter, we refer to i € {1,...,81} as the index for sub-
jects from the experiment and j € {1,...,6} as the index for
shipping modes. We investigate the influence of different
measures to reduce the carbon footprint, expressed by the
variables e}?o, e}“’, e]?a, Pij» @SCno shipping defined in Table 4.
According to the MNL, a subject i chooses the shipping mode
J that maximizes his/her utility U;:

The utility is comprised of deterministic and stochastic utility
components. The deterministic (observable) utility compo-
nent v; can include explanatory variables, for example,
the attributes of the shipping method (such as price) and
individual-specific characteristics of the subject (e.g., the
NEP value). The stochastic (unobservable) utility component
€;; accounts for the fact that not all possible factors underly-
ing a subject’s choice can be identified and that the subject is
not always completely sure about his or her preferences. We
define the deterministic utility component, using the variables

from Table 4, as follows:

TABLE 4  Description of explanatory variables in the WTP model.

Variable Description

ej?" 1, if controllable emissions are compensated by
purchasing offsets when shipping mode j is chosen; 0
otherwise.

e}“’ 1, if uncontrollable emissions are compensated by
purchasing offsets when shipping mode j is chosen; 0
otherwise.

e/“f“ 1, if controllable emissions are avoided when shipping

' mode j is chosen; 0 otherwise.
spj 0, if the €12 premium is earned when choosing shipping

mode j, 1 otherwise.

Alternative specific constant (intercept) for “no shipping”
mode.

ASCno shipping

Pij Price of shipping mode j displayed to subject i.

TABLE 5 MNL estimation WTP model.

Standard Implicit
Coefficient Estimate errors WTP
pee 0.2155 —€0.22
pUe 0.1699 €0.75
B 0.2006 €0.56
ascpo shipping 10007 -
gprice 0.2370 -

Notes: ** (**%) means that the estimator is different from zero at the 5% (1%)
significance level.
Abbreviations: MNL, multinomial logit model; WTP, willingness to pay.

v = ﬁco . e;o + ‘Buo . e}lo + ﬁca . e]ca

+ pgPrice - Pij t aSCno shipping * SPj- 2

We estimate the coefficients B, pBU°, pca, gprice,
asCno shipping  Using the Apollo Package for R (Hess &
Palma, 2019). The estimates for the coefficients and the
corresponding implicit WTP are presented in Table 5.

We find a negative and significant estimate for the price
coefficient B, Thus, subjects in the experiment attribute
lower utility to more expensive alternatives. For the influence
of the different measures to reduce the carbon footprint on the
choice of the subjects, we also find significant estimates and
differences between the measures.

Both offsetting uncontrollable emissions through offsets
and avoiding controllable emissions through internal reduc-
tions generate higher utilities than the reference alternative
(shipping mode 1). This is one explanation for the over-
all high share of more environmentally friendly shipping
modes. In contrast, we find a negative utility for offsetting
controllable emissions, at a lower significance level. The
utility is reflected in the estimates of the coefficients, and
these can be compared with each other in terms of mag-
nitude. Furthermore, the utility can also be expressed as
a WTP.
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As indicated in Table 5, subjects had an average negative
WTP of —€0.22 to compensate for 2 kg of controllable emis-
sions through offsets. If instead of compensating with offsets,
the 2 kg of controllable emissions is avoided, the WTP
is €0.56 (alternatively, €0.56 per 2 kg = (€0.56/2)-1000 =
€280 per tCO;-eq). Furthermore, there is a significant
difference between their WTP for offsetting controllable
and uncontrollable emissions. Specifically, their WTP for
compensating uncontrollable emissions through offsets is
€0.75 (€375 per tCO,-eq), compared to —€0.22 for control-
lable emissions. In line with Hypothesis 1, the subjects rated
the avoidance of emissions significantly higher than compen-
sation by offsets, but only if avoidance is possible at all, as is
the case with controllable emissions. The WTPs of €280-375
per tCO,-eq in our incentivized experiments contrast with the
much higher $667-890 per tCO,-eq found in our stated pref-
erences MTurk study, highlighting the need for incentivized
experiments when assessing WTP.

The large, negative, and significant estimator of the
alternative-specific constant ascy, shipping captures the aver-
age deterministic utility of the alternative 6, no shipping. The
estimator shows that alternative 6 and thus the avoidance of
uncontrollable emissions, which is only possible by com-
pletely forgoing a product or service (in this case, not ship-
ping the envelope and hence forgoing the €12 premium), was
perceived as the least attractive compared to all other modes.

In sum, we observe that subjects are willing to pay a
premium for more environmentally friendly alternatives. In
doing so, they prefer avoiding emissions to compensation
of emissions through offsets when possible. In the experi-
ment, however, the majority of subjects were not willing to
completely forgo service and thus avoid all emissions. The
trade-off between using the service, and foregoing it certainly
depends on the utility derived from a service, which we con-
trolled in our study by inducing a monetary compensation of
€12 for shipping the envelope.

5.3 | Drivers of observed behavior

Next, we investigate possible individual characteristics of
the observed preferences in a driver model. We analyze the
possible drivers NEP, MI™, and MI®™ as explanatory vari-
ables in the deterministic utility component, as described
below.

In contrast to Equation (2), we model the deterministic util-
ity using alternative-specific constants instead of variables for
the different shipping modes. This makes it easier to interpret
the influence of individual-specific variables (e.g., NEP) on
the choice of the five shipping modes and the no shipping
alternative. We denote the alternative specific constants by
asc; (intercept). These indicate the average effect of alterna-
tive j on utility that is not accounted for by other explanatory
variables. Here, this mainly concerns the labels of the ship-
ping modes, which indicate how much carbon emissions are
emitted, avoided, and compensated by offsets when alterna-
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TABLE 6 Description of explanatory variables driver model.
Variable Description
Dij Price of shipping mode j displayed to subject i
NEP; New environmental paradigm scale value of subject i
MI}“1 Moral identity internalization scale value of subject i
MII.Sym Moral identity symbolization scale value of subject i
TABLE 7 MNL estimation driver model.
Coefficient Estimate Coefficient Estimate
ascy 0 (na) pender -0.23 (0.24)
asc, -0.92 (1.61)  pgender —0.14 (0.22)
ascs -2.79 (222)  pgender 11.90 (219.55)
ascy 0.39 (112 g 0 (na)
ascs 6.53%  (1.30) By 0.21 (0.22)
ascg —4.30 8.13) gy 0.90%%  (0.28)
price —2.16%%%  (0.25) YT 0.16 (0.15)
BNEP 0 (na) M 0.40%%  (0.14)
NEP -0.20 035 g 1.22 (1.19)
NEP 0.10 045 " 0 (na)
INEP —0.73%  (025) A 0.31 (0.30)
J 0.86%  (0.25) g 0.18 (0.37)
NEP ~3.45 @30 gy 0.72%%%  (0.22)
pGender 0 ma) A" L1455 (0.22)
Gender —046 (035 pM" 049 (1.58)
Siender -0.56 (0.46)

3

Notes: * (¥* *¥*¥) means that the estimator is different from zero at the 10% (5%, 1%)
significance level. Standard errors are in parentheses. Gender is coded as 1 for male and
0 for female.

Abbreviations: MI, moral identity; MNL, multinomial logit model; NEP, new
environmental paradigm.

tive j is chosen. The explanatory variables used for the driver
model are given in Table 6. We consider the following deter-
ministic utility component and estimate the coefficients SP"°¢,

NEP oMt MIY™,
B, B and BT

vij = asc; + P - pyi + ﬁJNEP - NEP; + ﬁjM]im . M[l%m
+ B M 3)

Table 7 shows the estimates of the driver model. It can be
seen from the table that NEP has a significant influence on
the shipping modes that avoid controllable carbon emissions
(electric engine alternatives, modes 4 and 5). In line with our
prestudy and Hypothesis 2, subjects with a higher NEP value
more often chose mode 5, thus appearing to derive a higher
utility from it. In other words, avoiding controllable emis-
sions in combination with offsetting uncontrollable emissions
has a special appeal to eco-conscious consumers (high NEP
value). We find a significant negative estimator for the influ-
ence of the NEP on avoiding controllable emissions without
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compensating for uncontrollable emissions. We explain this
effect by the fact that the more environmentally conscious
subjects with a high NEP tend to choose alternative 5, leav-
ing in the pool of subjects who chose alternative 4 people with
an average low NEP.

The construct of moral identity refers to moral traits
and is divided between symbolization and internalization.
Symbolization asks how important it is to the subject that
certain moral traits are attributed to him or her by the out-
side world. Internalization asks how important it is for the
person him/herself to have certain moral traits. Subjects with
a higher score on the symbolization scale derive higher util-
ity from alternatives 3 and 5. It seems that these modes,
that is, alternatives that address both types of emissions
and thus the problem as a whole, are perceived as suf-
ficient ways to symbolize moral behavior to the outside
world.

The construct of internalization differs from symboliza-
tion and tends to have stronger effects. Individuals with a
higher value on the internalization scale derive a higher util-
ity from modes 4 and 5, that is, they prefer alternatives that
involve avoiding controllable emissions rather than compen-
sating for them through offsets. Here we see that a measure
(such as mode 3) that is perceived as a good way to symbol-
ize moral behavior externally does not necessarily satisfy an
individual’s internal moral demands on himself/herself.

As Aquino and Reed (2002) show, there is a relationship
between the MI internalization construct and moral behavior.
They find that subjects with a higher MI internalization value
are more likely to exhibit a stronger moral behavior. In our
case, this would imply that the distinction between internal
reductions and compensations has a moral component (with
internal reductions being perceived as the morally better alter-
native or vice versa). On this basis, we see a confirmation of
Hypothesis 3.

As mentioned before, we have also measured subjects’ ST.
We find that ST does not explain the difference in choices
between internal reductions and offsets. A higher value on the
ST scale leads to the more environmentally friendly modes
(2-5) being chosen more often to a similar degree. For the
sake of parsimony, we do not present the results in Table 7
but do show them in Appendix F.

We also examined the influence of demographic and
socioeconomic variables. No significant effects were found
for income and age. This may also be because the subjects
were relatively homogeneous in these variables. Significant
effects are shown for gender. Subjects who reported identi-
fying with the female gender showed a significant preference
for more environmentally friendly alternatives, especially for
modes 3 and 5. However, gender loses its statistical signifi-
cance when included in the estimation together with the NEP
and MI scales as explanatory variables, as shown in Table 7.
One reason for this could be that subjects who reported iden-
tifying with the female gender scored higher on average on all
scales (NEP, ST, MI Int, and MI Sym). Since only the scales,
but not gender, are significant in the joint estimation, it seems
that the effect of the gender variable is partly explained by

them. We show the results of the estimation when gender is
not included in Table G1 in Appendix G for completeness,
and in Table HI in Appendix H the correlation matrix of all
explanatory variables.

An analysis of the influence of gender without other
individual-specific variables shows that in our experiment
subjects who identify with the female gender made more
environmentally friendly decisions overall. This is reflected
in significantly higher implicit WTP for shipping modes 3
(€0.40) and 5 (€0.21). We found no significant effects for the
other modes.

6 | CONCLUSION

In this paper, we examine empirically how much consumers
are willing to pay for a firm’s carbon footprint reduc-
tion initiative, specifically, internal emissions reductions,
and the purchase of carbon offsets, when buying a prod-
uct/service provided by the firm. In addition, we differentiate
between the purchase of carbon offsets for controllable versus
uncontrollable emissions by the firm. Finally, we investigate
whether such consumer behavior can be explained by their
intrinsic attitudes towards the environment and their moral
identity.

Using incentivized discrete-choice experiments, we find
that (i) the majority of consumers are willing to pay more
for a service with a lower carbon footprint; (ii) consumers
are willing to pay significantly more for internal emissions
reductions compared to the purchase of carbon offsets by
the firm for controllable emissions, and this effect is more
pronounced for more environmentally friendly consumers;
and (iii) consumers value roughly equally internal emis-
sions reductions and the purchase of carbon offsets for
uncontrollable emissions.

Two key managerial insights emerge from our findings.
First, consumers are willing to pay a higher premium for
products or services where the firm’s controllable carbon
emissions are abated by internal measures, compared to their
compensation by carbon offsets. The cost—benefit assessment
of sustainability initiatives should take this into account. Sec-
ond, if companies implement internal reductions, they should
communicate this clearly to consumers in order to differen-
tiate from competitors who do not address emissions at all
or only use offsets for controllable emissions. As previously
discussed, however, marginal abatement cost curves (Blanco
etal., 2020; Blanco, 2022; Kesicki & Strachan, 2011) suggest
that internal reductions may become financially unfeasible
beyond a certain point, and the firm may need to turn to car-
bon offsets to further reduce its carbon footprint. It is thus
unclear if in that case the firm should reveal to consumers
only the total carbon footprint or a breakdown of carbon off-
sets and internal reductions. By design, our study displays
to participants complete transparency into the components
of the service’s carbon footprint. It would be interesting
to address the question of transparency in communicating
the carbon footprint, that is, how consumers differentiate
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between messages of total carbon footprint and a breakdown
of the components of carbon footprint.

Another limitation of our study is that we do not describe
to study participants the origin of the offsets, and we also
do not describe the specific actions to achieve internal emis-
sions reductions, in order to cleanly separate the differences
between carbon offsets and internal reductions. However,
several studies show that, at least in hypothetical (nonin-
centivized) setups, different types of carbon offsets, as well
as different actions for internal emissions reduction can be
evaluated differently by consumers. For example, in the con-
text of offsets, Schwirplies et al. (2019) show a preference
for regional offset projects, in particular, reforestation. Holm
et al. (2015) show a general opposition to the measure of
underground carbon capture. Blasch and Farsi (2014), in
line with Schwirplies et al. (2019), find that reforestation
projects are preferred, but so are renewable energy projects
in developing countries when implemented by NGOs. An
examination of the differences within types of offsets and
internal reductions in incentive-compatible decision situa-
tions would be interesting. We leave these open questions for
future research.
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ENDNOTES

Uhttps://www.carbonneutral.com/examples/microsoft

2We further used the short Schwartz’s Value Survey according to Lindeman
and Verkasalo (2005) to measure subjects’ self-transcendence (ST) with 11
items on a Likert scale from 1 to 6 (see Appendix C). Self-transcendence
here means enhancement of others and transcendence of selfish interests.
The ST scale takes values from 1 to 6, with 6 (1) corresponding to high
(low) self-transcendence. We use this scale to assess if subjects’ choices are
driven by the fact that emission reductions have positive effects on others,
as it is typical for (environmental) public goods.

3The data on emissions are based on a life cycle assessment (LCA) com-
parison between electric vehicles and vehicles with combustion engines
using the example of the Smart Fortwo (a small car) from the Technical
University of Cologne (Kanz, 2018). We used an electric and an internal
combustion engine gasoline Smart Fortwo for the shipment and the LCA
data as expected emissions for our experiment. However, the actual emis-
sions caused by the transport of the envelope (shipping) may differ from
the LCA data, especially due to the traffic situation on the day of delivery.

4Modes 3 and 5 do not have “round” prices like the other alternatives because
we ensured that the average marginal prices for offsetting emissions were
held constant. For example, from mode 2 to 3 (and from 4 to 5) the marginal
costis €0.61/1.63 kg CO,-eq = €0.374 per kg CO,-eq, which is equal to the
marginal offset cost from 1 to 2, at €0.75/2 kg = €0.375 per kg CO,-eq, or
€375 per tCO,-eq. Such offset costs are not unreasonable for high-quality
offsets, as it has been recently reported that Microsoft and other companies
are paying “hundreds of dollars” to offsets that use a new technology to
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remove carbon from open air and store it underground (The Wall Street
Journal, 2023).
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APPENDIX A: NEW ENVIRONMENTAL
PARADIGM

Listed below are statements about the relationship between
humans and the environment. For each one. please indi-
cate whether you STRONGLY AGREE, MILDLY AGREE,
are UNSURE, MILDLY DISAGREE or STRONGLY DIS-
AGREE with it. (five-point Likert)

1. We are approaching the limit of the number of people the
earth can support.
2. Humans have the right to modify the natural environment
to suit their needs.
3. When humans interfere with nature it often produces
disastrous consequences.
4. Human ingenuity will insure that we do NOT make the
earth unlivable.
5. Humans are severely abusing the environment.
6. The earth has plenty of natural resources if we just learn
how to develop them.
7. Plants and animals have as much right as humans to exist.
8. The balance of nature is strong enough to cope with
impacts of modern industrial nations.
9. Despite our special abilities humans are still subject to
the laws of nature.
10. The so-called “ecological crisis” facing humankind has
been greatly exaggerated.
11. The earth is like a spaceship with very limited room and
resources.
12. Humans were meant to rule over the rest of nature.
13. The balance of nature is very delicate and easily upset.
14. Humans will eventually learn enough about how nature
works to be able to control it.
15. If things continue on their present course. we will soon
experience a major ecological catastrophe.

APPENDIX B: MORAL IDENTITY

Listed below are some characteristics that may describe
a person: Caring, compassionate, fair, friendly, generous,
hardworking, helpful, honest, kind.

The person with these characteristics could be you or it
could be someone else. For a moment. visualize in your mind
the kind of person who has these characteristics. Imagine how
that person would think, feel, and act. When you have a clear
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image of what this person would be like, please answer the
following questions. (five-point Likert)

1. It would make me feel good to be a person who has these
characteristics.

2. Being someone who has these characteristics is an
important part of who I am.

3. I would be ashamed to be a person who has these
characteristics.

4. Having these characteristics is not really important to
me.

5. Istrongly desire to have these characteristics.

6. 1 often wear clothes that identify me as having these
characteristics.

7. The types of things I do in my spare time (e.g., hobbies)
clearly identify me as having these characteristics.

8. The kinds of books and magazines that I read identify me
as having these characteristics.

9. The fact that I have these characteristics is com-
municated to others by my membership in certain
organizations.

10. T am actively involved in activities that communicate to
others that I have these characteristics

APPENDIX C: SHORT SCHWARTZ’S
VALUE SURVEY (SELF-
TRANSCENDENCE)

Please read the following values and their descriptions.
Indicate how important these values are to you personally.
(six-point Likert)

1. Power Social status and prestige. control or dominance
over people and resources.

2. Achievement Personal success through demonstrating
competence according to social standards.
Hedonism Pleasure or sensuous gratification for oneself.

Stimulation Excitement. novelty and challenge in life.

5. Self-Direction Independent thought and action-
choosing. creating. exploring.

6. Universalism Understanding. appreciation. tolerance.
and protection for the welfare of all people and for
nature.

7. Benevolence Preserving and enhancing the welfare of
those with whom one is in frequent personal contact (the
“in-group”).

8. Tradition Respect. commitment. and acceptance of the
customs and ideas that one’s culture or religion provides.

9. Conformity Restraint of actions. inclinations. and
impulses likely to upset or harm others and violate social
expectations or norms.

10. Security Safety. harmony. and stability of society. of
relationships. and of self

Rl
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APPENDIX D: CHOICE SET OF THE TRIAL PERIOD
Shipping mode 1 Shipping mode 2 Shipping mode 3 Shipping mode 4 Shipping mode 5
Price 3 Euro 3.40 Euro 3.80 Euro 3.60 Euro 4 Euro No Shipping
Controllable 2 kg are emitted 2 kg are 2 kg are 2 kg are avoided 2 kg are avoided No emissions are
emissions compensated by compensated by by using an by using an emitted
offsets offsets environmentally environmentally
friendly means friendly means
of transport of transport
Uncontrollable 1.6 kg are emitted 1.6 kg are emitted 1.6 kg are 1.6 kg are emitted 1.6 kg are
emissions compensated by compensated by

offsets

offsets

APPENDIX E: POST EXPERIMENTAL
SURVEY

Please share your thoughts and views on CO, emissions in
the questions and statements below:

1. It is important that humankind emits less CO, emissions.
(five-point Likert)

2. 1 am trying to reduce my carbon footprint. (five-point
Likert)

3. I appreciate when companies offer carbon neutral prod-
ucts. (five-point Likert)

4. The responsibility to compensate for CO, emissions of a
product lies primarily with the:

a. Producer
b. Consumer
c. Indifferent

5. Which of the following two measures should a company
prefer to use to reduce/offset its own CO, emissions?
a. Buying carbon offsets
b. Internal reductions
c. Indifferent

6. A company is only responsible for its own CO, emissions,
but not for those of its suppliers. (five-point Likert)

7. CO, offsets are a good way to offset emissions from sup-
pliers over which the company has no control. (five-point
Likert)

8. CO, offsets are a good way to offset all of a company’s
emissions. (five-point Likert)

9. Aslong as a company reduces its own emissions, I do not
care how it does it. (five-point Likert)

APPENDIX F: MNL ESTIMATION
DRIVER MODEL WITH SELF-
TRANSCENDENCE

In Table F1, the ST construct shows significant effects on
alternatives 2-5. Subjects with a higher value on the scale

TABLE F1 MNL estimation driver model with self-transcendence.
Coefficient  Estimate Coefficient  Estimate
asc, 0 (na) 5T 0.81%%%  (0.19)
ascy —1.87 (1.55) ST 0.73%%%  (0.18)
ascs —3.58% @12 g’ -1.59 (1.50)
asc, —0.24 (1.09)  pM" 0 (na)
ascs —7.10%%  (1.31)  gM" 0.00 (0.22)
ascg -10.25 (6.48) V" 0.74%%  (0.29)
pprice 025 gy —0.06 (0.16)
BNEP 0 (na) M 0.20 (0.15)
INEP 036) M 248 (1.85)
NEP 047 M 0 (na)
INEP 027 A -0.01 (0.32)
pAEP ©026) A" ~0.04 (0.39)
NEP 66 A" 040%  (0.24)
BT 0 ma) A" 0.85%  (0.23)
ST ©026) pM" 2.33 (2.14)
ST 0.61% (0.34)

3

Notes: * (** *%%) means that the estimator is different from zero at the 10% (5%, 1%)
significance level. Standard errors are in parentheses.

Abbreviations: MI, moral identity; MNL, multinomial logit model, NEP, new
environmental paradigm; ST, self-transcendence.

derive a higher utility from the more environmentally friendly
alternatives (except for the no shipping alternative) compared
to shipping mode 1. A higher value on the ST scale thus leads
to the more environmentally friendly modes being chosen
more often. However, there is no strong differentiation within
the group of more environmentally friendly alternatives. The
construct has a similar effect on alternatives 2-5, unlike the
NEP or MI.
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APPENDIX G: MNL ESTIMATION
DRIVER MODEL WITHOUT GENDER

TABLE G1 MNL Estimation driver model.
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Coefficient Estimate Coefficient Estimate

asc, 0 (na) Jo 0 (na)

asc, ~1.55 (1.53) M 0.25 (0.21)

ascs —3.51*% (2.10) gy 0.93%# (0.27)

ascy 0.05 (1.06) M 0.18 (0.15)

ascs —6.79% (1.28) M 0.4 (0.14)

ascs -10.48 (5.47) M 1.29 (1.19)

gprice 2,15 (0.24) g 0 (na)

pNEP 0 (na) M 0.37 (0.29)
INEP —-0.16 (0.35) ﬁ};“i"‘ 0.23 (0.36)
NEP 0.16 (0.45) e 0.75% (0.22)
NEP —0.70% (0.24) 't 116% (0.22)
NEP 0.89%# (0.24) 't 136 (1.54)
NEP —2.94 (2.04)

Notes: * (** *#%) means that the estimator is different from zero at the 10% (5%,1%) significance level. Standard errors are in parentheses.

Abbreviations: MI, moral identity; MNL, multinomial logit model; NEP, new environmental paradigm.

APPENDIX H: CORRELATION MATRIX

OF THE EXPLANATORY VARIABLES

TABLE H1 Correlation matrix of the explanatory variables.

NEP ST MI Int MI Sym Gender Age Income

New environmental paradigm (NEP) 1

Self-transcendence (ST) 0.44 %% 1

Moral identity internalization (MI Int) .34+ 0.49%+%* 1

Moral Identity symbolization (MI Sym) 0.12 0.39%#* 0.19% 1

Gender —0.12 —0.22%% —0.15 —0.15 1

Age 0.08 0.227%% 0.11 0.07 —0.04 1

Income 0.08 0.06 0.03 —0.11 —0.07 0.02 1

Note: * (*# ***¥) means that the Estimator is different from zero at the 10% (5%, 1%) significance level. Standard errors are in parentheses. Gender is coded as 1 for male, and 0

for female.
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