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ABSTRACT
Voluntary offset investments provide the opportunity to compensate for
the ecological consequences of consumption. Despite this opportunity,
many entities do not purchase offset investments.We provide an overview
of alternative carbon and biodiversity offset investments. We character-
ize the marketplace conditions, benefits, and constraints operating in the
markets for voluntary carbon and biodiversity offset investments. We sub-
sequently outline research implications inherent to these markets.
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1. Introduction
The mounting evidence of human-based climate change
is a major concern for institutions and individuals (Per-
era & Hewege, 2018). Many firms and consumers want
to do their part by conserving energy, reusing prod-
ucts, recycling, and engaging in other activities that
lower their carbon footprints (Choi & Feinberg, 2018).
When their action does not sufficiently or acceptably
address influences on climate change or biodiversity,
they are inclined to search for alternative solutions.

One means for reconciling one’s influence on the
environment is to compensate for this action via
offsetting investments (ten Kate et al., 2004). Offset
investments refer to action undertaken to counteract
an influence on the environment via a compensating,
equivalent influence. Offsets may include compliance-
based programs administered by governmental bodies
and voluntary programs run by non-governmental
organizations. Our research focuses on the voluntary

action undertaken to compensate for influences on
the environment.

Governments, corporations, non-governmental
organizations, and consumers may directly or indi-
rectly purchase offsets, but corporations make most of
these investments (Lovell et al., 2009). Organizations
and individuals voluntarily reduce their influences on
the environment via carbon offsets and biodiversity
offsets. Carbon offset investments enable consumers
to limit their environmental influence due to green-
house gas (GHG) emissions. For example, many airline
travelers purchase carbon offsets to compensate
for the greenhouse gas emissions associated with
flying. By contrast, biodiversity offset investments
provide the opportunity to compensate for influences
on the habitat of plants or animals. For example,
developments in the oil and gas sector of Uzbekistan
warranted investments to protect the habitat of the
saiga antelope (Bull et al., 2014).
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Individuals that make these alternative payments
ostensibly eliminate their influences on the environ-
ment. Despite the attractiveness of these strategies,
analysts recognize several conditions that ultimately
limit the efficacy of these efforts (Polonsky et al., 2010).
Offset investors face substantial uncertainty establish-
ing the costs of offsets as well as appropriate offsetting
investments. The limitations in the implementation of
offsets and reluctance to buy them curtail the extent
to which offsetting contributes to reduced climate
change and enhanced biodiversity. Markets provide the
opportunity to offset environmental action, but prior
research has not examined the rationales that enhance
or detract from making these purchases. To the extent
that these offset investments reduce greenhouse gas
emissions and enhance habitats, they contribute to
sustainable marketing. Effective implementation of
these strategies requires an understanding of condi-
tions that favor and limit their use, but prior marketing
research has not reviewed the rationales inherent to
offset investments.

The purpose of this study is to provide an overview
of the markets for carbon and biodiversity offset
investments. For each market, we characterize dif-
ferent forms of offsetting, describe inherent market
conditions, outline the benefits of the investments,
and highlight constraints that limit their use. We
subsequently address implications of the review for
research and public policy. Consider first carbon offset
investments.

2. Voluntary Carbon Offset Investments
Carbon offset investments enable entities to limit their
environmental influence due to the greenhouse gas
emissions associated with behavior. ten Kate et al.
(2004, p.12) describe carbon offsets as the practice
“by which the impact of emitting a ton of CO2 can be
negated or diminished by avoiding the release of a ton
elsewhere, or absorbing a ton of CO2 from the air that
otherwise would have remained in the atmosphere.”
The market for carbon investments exceeded US$ 850
million in 2021 (Reuters, 2022) and conservative esti-
mates predict over US$ 5 billion by 2030 (Taskforce
Members, 2021).

2.1. Types of Carbon Offsetting
Hamilton et al. (2008) describe four common offset
projects employed in multiple countries throughout
the world (see Table 1). Fossil fuel reductions refers
to efforts to decrease fossil fuel usage by using the
energy source more efficiently or via switching from
fossil use to an alternative source that generates fewer
emissions. Bio-carbon sequestration is a second form
of carbon offsetting that relies on photosynthesis to
transfer atmospheric carbon to tree biomass (roots,
branches, trunks, and foliage) and soil (United States
Department of Agriculture (USDA), 2016).

Bio-gas offsetting is a third type of carbon offsetting
that involves the capture and destruction of methane
from livestock, landfills or coal mines. Technological
sequestration is a fourth form of carbon offsetting that
employs expertise to constrain greenhouse gas emis-
sions. Offset providers use a variety of technologies
that inject carbon into geologic formations, enhance
the efficiency of industrial processes or destroy green-
house gases produced in industrial processes (Hamil-
ton et al., 2008).

2.2. Marketplace Conditions
Several conditions characterize the market for volun-
tary carbon offsets. First, this market typically involves
five participants (Hamrick & Gallant, 2017). Project
developers are entities that create carbon offset
projects. For example, ClimatePartner (2022) has
established an offset project to develop wind power
in Morocco. Standard bodies assess the criteria of
projects and establish a registry that accounts for the
issuing and retiring of carbon credits. Verra (2022),
for instance, is a non-profit organization that operates
the world’s largest program for certification of GHG
reduction projects. It is essential that offset projects
conform to the accounting methods of the standards
provider. Thus, auditors assess the process proposed
for calculating emissions reductions. After implemen-
tation, a second audit focuses on determining the
efficacy of greenhouse gas emissions. Intermediaries
provide end users with advice concerning offsets and
facilitate transactions. Brokers are intermediaries
that do not take credit ownership whereas retailer
intermediaries assume ownership. For example, NCX
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Table 1. Forms of Voluntary Carbon and Biodiversity-based Offset Investments

Type of Offset Description Exemplary Projects
Carbon-offsets
Fossil fuel reductions Decrease fossil fuel usage by using the

energy source more efficiently or via
switching from fossil use to an alterna-
tive source that provides energy with
fewer emissions

Commercial and individual buy-
ers purchase offsets supporting
the development of grid-connected
renewable energy technologies in
Turkey (Bonneville Environmental
Foundation, 2022)

Bio-carbon sequestration Relies on photosynthesis to transfer
atmospheric carbon to tree biomass
(roots, branches, trunks, and foliage)
and soil

Forest carbon offsets associated
with the conservation of forests in
Zambia (Biocarbon Partners, 2022)

Bio-gas offsetting Capture and destruction of methane
from livestock, landfills or coal mines

Methane gas capture in active and
abandoned mines (Terrapass, 2022)

Technological sequestration Variety of technologies that inject car-
bon into geologic formations, enhance
the efficiency of industrial processes or
destroy greenhouse gases produced in
industrial processes

Geologic storage of carbon (Puro
Earth, 2022)

Biodiversity offsets

Habitat-based Estimate gains and losses based on
measurement of area and habitat con-
ditions

Wetlands mitigation plan in Utah,
USA. Kennecott Utah Copper LLC
constructs 1,011-hectare shorebird
and waterfowl refuge (Barnard
et al., 2017).

Species-based Focus on the suitability of habitat for
targeted species

California restoration of red-legged
frog habitat (Madsen et al., 2010).

(2022) is a broker that enables buyers to purchase
carbon credits to support North American forests.
Finally, end users are the entities that purchase carbon
credits. For example, Tribeca Investment Partners has
purchased approximately US$ 100 million in carbon
credits (Lee, 2021).

Second, the strategy to offset GHG emissions
should operate in a mitigation hierarchy in which
the firm first seeks to reduce energy, followed by
renewal/replacement (Lovell et al., 2009). Firms should
only consider carbon offsets when energy reduction,
renewal, and replacement are not possible. When

firms adopt this mitigation hierarchy, they can negate
environmental consequences that they cannot feasibly
correct.

Third, carbon offsets are not tangible prod-
ucts (Lovell et al., 2009). Consequently, end users
directly only receive a certificate indicating ownership
of the offset. The purchaser receives no tangible
evidence of the offset or the efficacy it provides.
Non-profit organizations provide certification of offset
projects, but carbon regulation has not kept pace with
growth in the industry (Kapnick, 2021).

Another distinguishing characteristic is the com-
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modification of the offset. As Lovell et al. (2009, p.
2367) state, “the atmosphere does not mind where
emission reductions are made because atmospheric
gases mix globally.” The process of calculating GHG
emissions enables participants to treat carbon as
a commodity while also enabling the exchange of
credits within the market (Lansing, 2012). Thus, airline
travelers generate GHG emissions in the stratosphere,
but the offsetting compensation may take place in a
forest.

2.3. Benefits
Investments in carbon offsets yield substantial benefits
to the purchasers. First, the proper selection and pur-
chasing of carbon enables the firm to make immediate
strides toward achieving carbon neutrality (Lovell et al.,
2009). Purchasing these offsets provides an immediate
correction to environmental malfeasance. Due to the
commodity nature of this market, firms can compen-
sate for action in one setting by contributing to GHG
reductions in another ecosystem. An auto traveler,
for instance, can contribute to reforesting in Africa to
compensate for cross-country travel in North Amer-
ica. Renewables, forestry and land use, and methane
account for three fourths of the transactional volume
with forestry and land use alone accounting for 47% of
the market value of the transactions (Hamrick & Gal-
lant, 2017).

A second benefit of voluntary carbon offsets is that
they enable firms to act where their efforts are likely
to have the greatest influence on emissions. Firms
that seek to compensate in a mature economy (e.g.,
Germany) may find that their offset investments have
greater influence in an emerging economy (Lovell
et al., 2009). The technology in emerging markets may
be basic, and consequently, enhancements to their
technology may provide greater returns than available
in mature economies.

In addition to these direct benefits, voluntary car-
bon offsets enable communities to yield indirect ben-
efits. These include improved employment opportuni-
ties, enhanced air and water quality, reduced habitat
conversion, improved energy access, and better access
to community health (Broekhoff et al., 2019).

2.4. Constraints
Voluntary carbon offsets offer potential advantages to
firms, yet these firms also face constraints when they
attempt to offset their influences on the environment.
The initial challenge lies in attempting to establish
the environmental impact of GHG emissions. In
the absence of universal standards, purchasers must
rely on the estimates made by the standard bodies
or providers. The offset calculations provided by
these firms vary markedly (Latta et al., 2016). In the
airline industry, for example, airlines use a variety of
strategies to determine emissions (Becken & Mackey,
2017). Whereas some firms add a fixed price to offset
a flight, other firms use airline-specific data on fuel
consumption, fleet composition, and other factors. In
addition to these methods, firms may use an externally
developed algorithm or provide an external link to
a carbon calculator. Regardless of the method, the
calculations are typically estimates that cannot account
for the unique conditions of a discrete event. Com-
pensation for air travel, for instance, uses estimates
for a trip and cannot account for the atmospheric
conditions endemic to a particular flight.

The calculations for the offsets are similarly chal-
lenging to estimate, and buyers often have some lat-
itude in their selection of an offset. As noted pre-
viously, firms have some latitude to allocate offsets
to energy-related projects, forestry, and other GHG
reduction. They also can invest in reductions in multiple
settings in multiple geographical locations (Becken &
Mackey, 2017). For example, buyers of Ecologi (2022)
offsets can contribute to tree planting programs in
Mozambique, Madagascar, Nicaragua, Kenya, Uganda,
Australia, UK, and USA.

Although offsets provide an immediate resolution to
GHG emissions, their availability may limit the firm’s
efforts to mitigate emissions (Lovell et al., 2009). If
firms do not employ the mitigation hierarchy and elect
solely to offset for their ecological influences, then they
offer limited progress in their efforts to mitigate cli-
mate change. The mitigation hierarchy calls for offset-
ting only after the firm has reduced resource usage and
renewed or replaced factors that lead to GHG emis-
sions.
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In addition to attending to the mitigation hierarchy,
the firm must address other factors that increase
the likelihood of securing high quality voluntary
carbon offsets (Broekhoff et al., 2019). For carbon
offsets to contribute to GHG reductions, projects
must reflect incremental additions to efforts to
reduce GHG emissions (Hamrick & Gallant, 2017).
In most cases, attributing offsets to programs already
in place does not offer additional environmental
assistance (Broekhoff et al., 2019). If it is a nascent
program requiring additional funding, however, the
offset provides additional ecological mitigation. Offset
projects should also not reflect double-counting in
which multiple parties take credit for the reductions in
GHG emissions. Since carbon emissions are long-lived,
the offsets should be permanent. Standard convention
considers offsets permanent when carbon remains
out of the atmosphere for 100 years (Fearnside,
2002). Finally, the firm should ensure that the carbon
offsets do not otherwise harm social or environmental
conditions. Standard bodies such as Social Carbon
(2022) and Climate, Community and Biodiversity
Alliance (2022) provide assurance that projects certify
that carbon offsets provide social, environmental, and
economic benefits to local stakeholders.

3. Voluntary Biodiversity Offset Investments
The second category of offsets directly addresses bio-
diversity. Biodiversity offsetting refers to “a market
where credits from actions with beneficial biodiver-
sity outcomes can be purchased to offset the debit
from environmental damage. Credits can be produced
in advance of, and without ex-ante links to, the debits
they compensate for, and stored over time.” (Hannis
and Sullivan, 2012, p. 12). These programs seek to mit-
igate or compensate for influences on habitat (Ives &
Bekessy, 2015).

3.1. Types of Biodiversity Offsetting
Two primary types of biodiversity offsets include
habitat-based and species-based investments (Bull
et al., 2014). Habitat-based approaches calculate gains
and losses based on assessment of habitat conditions.
For example, a wetlands mitigation project in Utah,
USA involved the construction of over 1400 hectares
of shorebird wildlife refuge (Barnard et al., 2017).

Species-based approaches rely on a measure of the
suitability of habitat for a targeted species. For exam-
ple, California has developed a plan to enhance the
habitat of red-legged frogs (Ford et al., 2013).

Voluntary biodiversity offsets also vary based on
whether the effects are in-kind or out of kind. In-kind
refers to compensatory mitigation that provides func-
tions, values, habitat, and other factors similar to those
affected by development (Mckenney & Kiesecker,
2010). By contrast, out-of-kind compensation allows
for different forms of mitigation. For example, Bull
et al. (2014), characterize two ways to compensate for
vegetation loss due to development. In-kind restora-
tion involves compensation by re-seeding an equivalent
area of vegetation elsewhere. Out-of-kind restoration
provides compensation through procedures such as
the funding of poaching patrols in a region.

3.2. Marketplace Conditions
Biodiversity and carbon offsets similarly seek to com-
pensate for ecological disruption, but there are notable
differences in the market conditions for each form of
offsets. First, the participants in the voluntary biodiver-
sity offsets market are similar to those in the volun-
tary carbon offsets market, but the difference lies in
greater community participation in the voluntary car-
bon offsets setting. Since voluntary biodiversity offsets
are necessarily associated with conditions in a local
ecosystem, members of the community seek to influ-
ence the design and implementation of voluntary bio-
diversity offsets.

Similar to voluntary carbon offsets, voluntary
biodiversity offsets employ a mitigation hierarchy
based on a sequence of avoiding impacts, followed by
minimizing impacts before compensating for residual
impacts (Mckenney & Kiesecker, 2010). The com-
modity nature of the voluntary carbon offsets market,
however, simplifies the compensation process because
the form of carbon has little bearing on decision mak-
ing (Ives & Bekessy, 2015). By contrast, biodiversity is
not amenable to commodification. Unique elements
of a habitat have inherent value to communities.
Although commodification facilitates conversion to
monetary value for voluntary carbon offsets, it is infea-
sible to place monetary value on biodiversity (TEEB,
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2010). Not only is this process viewed as an unethical
process, it can lead to less preservation of biodiversity.
Local stakeholders recognize that restrictions in
biodiversity may be irreversible, and consequently,
significant scrutiny surrounds the assessment of how
firms avoid and minimize their impact on habitats.

The observable consequences of voluntary biodiver-
sity offsets also differ from voluntary carbon offsets. In
the commodity market of voluntary carbon offsets, the
buyers have limited tangible evidence that they have
contributed to reductions in GHG emissions (Lovell
et al., 2009). The voluntary biodiversity offsets setting,
however, provides greater opportunity to observe evi-
dence of restoration, particularly when the offset is in-
kind. For example, Kennecott Utah Copper compen-
sated for wetlands removal by development of a wildlife
sanctuary roughly three times the size of the environ-
mental loss (Barnard et al., 2017).

3.3. Benefits
Biodiversity offsetting concerns the unavoidable and
predictable residual influence of a project (Weissger-
ber et al., 2019). The goals of biodiversity offset are to
achieve no net loss and, where possible, a net gain of
biodiversity regarding species composition, ecosystem
function, habitat structure, and cultural values associ-
ated with biodiversity (BBOP, 2012b). Although pol-
icy makers often assume that the transition from no
net loss to net gain is a straightforward question of the
compensation provided, there are striking differences
in these objectives (Bull & Brownlie, 2017). The Euro-
pean Commission (2022) defines no net loss as settings
in which “conservation/biodiversity losses in one geo-
graphically or otherwise defined area are balanced by
a gain elsewhere provided that this principle does not
entail any impairment of existing biodiversity as pro-
tected by EU nature legislation.” Net gain refers to
biodiversity gains that “exceed a specific set of losses”
(BBOP, 2012a, p.2). The philosophical orientation of
the objectives differ given that no net loss seeks to
achieve a neutral outcome whereas net gain seeks for
an improvement in biodiversity. These different frames
of reference influence stakeholder perceptions of the
offset. Stakeholders may have more confidence that
a project can yield no net loss rather than achiev-

ing a net gain. Moreover, uncertainties in achieving no
net loss complicate efforts to assert when an offset
transitions to net gain (Bull & Brownlie, 2017). One
response to this uncertainty is to design compensation
measures that exceed the level of development. For
example, the Shaw’s Pass road project in South Africa
sought to offset 30 hectares. The offset project not
only compensated for the acreage associated with the
road development but also secured an additional 30-40
hectares (Barnard et al., 2017).

Voluntary biodiversity offsets also offer appreciable
ancillary benefits. The adoption of an environmental
practice focused on one species likely influences multi-
ple environmental goods and services (Lankoski, 2016).
For example, converting cropland to perennial grasses
not only improves vegetation, it also improves water
quality and increases soil carbon sequestration. Volun-
tary biodiversity offsets have the potential to enhance
relationships among project funders, regulators, com-
munities, and other stakeholders while also speeding
up regulatory processes (Dickie et al., 2013).

3.4. Constraints
There are appreciable constraints limiting the ability
to achieve the benefits sought in voluntary biodiver-
sity offsets (Gardner et al., 2013; Walker et al., 2009;
Bull et al., 2014). These include issues related to mea-
surability, equivalence, reversibility, and temporal con-
siderations. Consider each in turn.

The lack of a common metric complicates efforts
to measure the efficacy of voluntary biodiversity off-
sets (Bull et al., 2014) . Research underscores that
the use of a single metric such as an “area of habitat”
does not adequately capture the complexity of an off-
set (TEEB, 2010). Researchers recommend the use of
multiple metrics, but policy makers must decide the
extent to which offsets compensate for biodiversity,
ecosystem services or ecosystem functions (Bull et al.,
2014) . The lack of a comprehensive metric also com-
plicates the ability to assert whether a project achieves
no net loss or net gain. The dynamism of the ecosys-
tem further complicates these efforts as the determi-
nation of a baseline level of biodiversity can be difficult
to establish (Gardner et al., 2013).
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A related concern is the ability to establish
equivalence between the ecological influence and
compensation. Determining an equivalent level of
compensation is complicated when the biodiversity
components differ in type, location, and temporal
delivery of services (Gardner et al., 2013). Historically,
governments have preferred in-kind replacement
because it compensates the same ecosystem functions,
habitat, and services. In some settings, however,
research indicates that out-of-kind services provide
greater opportunity to compensate for losses. For
example, Bull et al. (2014) identify conditions under
which out-of-kind restrictions on poaching provide
a better response to development than in-kind
restoration of vegetation.

Firms seeking to compensate for development also
need to consider whether their action is reversible.
Some decisions are effectively irreversible. For exam-
ple, dams constructed to provide hydroelectric power
are unlikely to face deconstruction due to influences
on habitats. Although the ideal situation is to reduce
all biodiversity losses through offsets, the market does
not provide an objective measure of reversibility (Bull
et al., 2014). Similarly, governments must determine
acceptable levels of thresholds for granting offsets. The
extinction of a species, for instance, is an irreversible
threshold that society would not accept, but temporary
reductions in a species habitat would likely be accept-
able.

Temporal considerations also constrain the efficacy
of voluntary biodiversity offsets. Consequently, offset
providers should identify how long ecological cor-
rections should last (Mckenney & Kiesecker, 2010).
Protection may remain in perpetuity when the impact
of the influence is irreversible. By contrast, finite pro-
tection presumes that there is potential to reverse the
damage associated with a site. A related issue is the lag
between the influence of development and the returns
provided by the offset program (Bull et al., 2014) .
Although pre-emptive action enables firms to offset
the effects of development, they complicate efforts
to compensate on a “like-for-like” basis (Mckenney &
Kiesecker, 2010). Anticipatory approaches also result
in substantial upfront costs when there is limited

opportunity for financiers to raise funds by releasing
credits.

4. Implications for Research and Practice
The evolution of offsets has provided substantial
opportunities to compensate for ecological influences.
Nevertheless, there are substantial opportunities
to engage in research that contributes to research,
public policy, and practice. In this section, we highlight
opportunities for research in both forms of offsets
as well as sector-specific action in the markets for
voluntary carbon offsets and biodiversity offsets.

4.1. Research Implications for Both forms of Voluntary
Offsets

A recurring theme in voluntary carbon and biodiversity
markets concerns the ability to measure the influences
on the environment accurately. This lack of precision
includes the determination of the ecological influence
as well as the ecological correction. Research should
therefore seek to refine the metrics associated with
these factors. Disparities in the estimates for carbon
offsets complicate the decision-making process for car-
bon (Johnson et al., 2010) as well as biodiversity (Bas
et al., 2016). This variance in estimates reduces the like-
lihood of purchasing offsets.

The likelihood of purchasing offsets should be
related to the form of offsetting available to the
purchaser. Public policy would benefit from marketing
research that uncovers the effectiveness of alternative
offset mechanisms and research that identifies the
conditions leading to the greatest investment in offsets.
Research could investigate which forms of carbon
offsets offer the greatest efficacy (e.g., bio-carbon
sequestration) and investigate which forms of offsets
lead to the greatest likelihood of purchasing the invest-
ments. Similarly, research should consider whether
habitat versus species-based biodiversity offsets are
more effective while also considering which of the
offsets maximizes the purchase of offsets. The need to
consider the efficacy and marketability of alternative
offsets warrants cross-disciplinary research. Scholar-
ship examining the effectiveness of alternative offsets
informs environmental science whereas understanding
of market potential informs marketing thought and
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practice. Effective mitigation derives from research
provided by both disciplines.

The philosophical orientation of decision makers
should influence their purchase of offsets, yet research
has not addressed these orientations. A teleological
approach focuses on the consequences of action and
often strives to generate the greatest good (Malhotra
& Miller, 1998). The utilitarian may use a cost-benefit
analysis to determine the consequences of alternatives
and select the outcome that has the greatest benefit.
By contrast, a deontological approach refers to a family
of philosophies focused on the moral commitments
or obligations that should be necessary for proper
action (Ferrell et al., 2017). Individuals that employ
a deontological approach look for guiding principles
or rules to guide behavior. The emphasis placed on
maximizing returns suggests that a utilitarian approach
to the purchase of offsets, but other stakeholders
(e.g., community leaders) may adopt a deontological
approach to lowering carbon offsets. These stakehold-
ers may be more inclined to exhaust alternatives in
the mitigation hierarchy prior to purchasing offsets.
Thus, the ethical perspectives adopted by stakeholders
warrants empirical analyses.

Offset investments seek to provide a solution
to ecological malfeasance, but limited research has
addressed conditions under which offsetting exacer-
bates environmental issues. To the extent that pur-
chasers bypass a mitigation hierarchy and go directly
to offsets, they do not address factors that yield
negative consequences for the environment (Gardner
et al., 2013). Under these circumstances, offsets can
lead to greater ecological upheaval. Research should
therefore examine the decision-making process of
offset purchasers to identify the usage of a mitigation
hierarchy and the resulting consequences for the
environment. Institutional economics’ (Bergen et al.,
1992; Williamson, 1979) treatment of incentives and
self-interest seeking behavior should provide marked
insight into these settings. Similarly, institutional
economics offers insight into the ex ante efforts to
ensure that offsets are additional and not duplicated.
In addition, this stream of research can provide insight
into ex post measures employed to monitor the

implementation of offset procedures.

The level of uncertainty is a common theme that
influences the decision making for carbon and biodi-
versity offsets. Uncertainty can constrain the likelihood
of decision making and the confidence associated with
decisions. Kujala et al. (2013) characterize three forms
of uncertainty that affect decisions related to climate
change. These include linguistic uncertainty about
the meaning of language and expressions, epistemic
uncertainty concerning incomplete knowledge, and
human decision-making uncertainty arising from
subjective human preferences, judgments, and beliefs.
Practitioners, researchers, and public policymakers
could benefit from empirical work that examines
the influences of these forms of uncertainty on the
decision-making practices of multiple stakeholders.

4.2. Research Implications for Voluntary Carbon Offsets
The study of voluntary carbon offsets has generated a
sizable stream of research (e.g., Ritchie et al. , 2021).
Nevertheless, much of this research focuses solely
on consumer airline travel. Empirical research should
consider the contrasting decision making contexts
faced by consumers and industry. Although business-
to-business and business-to-consumer markets engage
in offsetting investments, the motivations for offsetting
vary considerably between these settings. There is
potential to offset many forms of carbon usage, and
research should broaden the scope of empirical efforts
to consider other contexts. In the travel industry, for
instance, empirical efforts should consider non-airline
forms of travel that account for the majority of GHG
emissions. Research would also benefit from analysis
of conservation related to significant life events such
as weddings, babies, and funerals (Lovell et al., 2009).

The intermediaries in the supply chain for carbon
offsets include brokers (who do not take title to off-
sets) and retailers (who take title to offsets). Research
should examine how opportunism, asset specificity,
uncertainty, and transactional frequency outlined in
institutional economics (Williamson, 1979) influence
the selection of an intermediary as well as the efficacy
of the intermediary.

The options available to counteract carbon produc-
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tion vary from quick response techniques (removal
of incandescent lighting) to long-term strategies (e.g.,
planting trees to increase carbon sequestration).
Researchers can provide insight into this context
by identifying which practices lead to the greatest
reductions in GHG emissions. In addition, research
could analyze the extent to which buyers prefer
immediate corrections to more long-term strategies.
Cross-disciplinary research that informs offset efficacy
and marketability enables environmental scientists and
marketers to implement programs that simultane-
ously lower GHG emissions and enhance corporate
revenue.

4.3. Research Implications for Voluntary Biodiversity
Offsets

Voluntary biodiversity offsets seek to achieve no net
loss or net gain to biodiversity. Although net gain ori-
entations offer more robust goals to move beyond
current biodiversity conditions, stakeholders may have
less confidence in the ability to achieve net gain strate-
gies (Bull & Brownlie, 2017). Research can contribute
by examining conditions under which net gain strate-
gies lead to greater biodiversity. Since skeptical stake-
holders may illustrate more confidence that firms can
achieve no net loss, policy makers would also benefit
from research that examines whether no net loss or
net gain strategies lead to increased purchase of biodi-
versity offsets.

The primary forms of voluntary biodiversity cor-
rections are habitat-based and species-based offsets.
When both forms are available in a market, firms and
policy makers would benefit from knowing which type
offers the greatest efficacy and which type leads to the
greatest adoption by purchasers. Similarly, researchers
should contrast in-kind corrections with out-of-kind
corrections. Although reciprocity suggests that in-kind
procedures offer a sense of equity, there are conditions
under which out-of-kind offsets outperform in-kind
alternatives (Bull et al., 2014) . Research should inves-
tigate conditions under which these strategies maxi-
mize biodiversity. In addition, research should investi-
gate buyer preferences for in-kind versus out-of-kind
offsets. The need to consider the efficacy of alterna-
tive biodiversity offsets and their marketability under-

scores the insights provided by cross-disciplinary col-
laboration. Understanding of the effectiveness of alter-
native offsets informs environmental science whereas
knowledge of market potential informs marketing the-
ory and practice. Effective, on-going mitigation derives
from enhanced understanding of objectives pursued in
environmental science and marketing.

The ability to issue voluntary biodiversity offsets
prior to ecological infringement enables financiers
to receive some compensation a priori. Empirical
efforts could contribute to this research by examining
whether this pre-emptive action influences the efficacy
of the offset. The need to appropriate funds may lead
financiers to ignore facets of the mitigation hierarchy
leading to increased damage to biodiversity. Policy
makers and strategists could gain insight into research
examining the conditions under which a priori granting
of biodiversity offsets leads to enhanced biodiversity.

5. Conclusions
The purpose of this paper has been to provide an
overview of the markets for voluntary carbon and bio-
diversity offsets. For each form of offsets, we outlined
the types of offsets, marketplace conditions, benefits,
and constraints. We subsequently described research
opportunities with potential to enhance understanding
of these programs. We hope that the study provides
insight to research, public policy, and practice.
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