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The Institute for Policy Integrity at New York University School of Law (Policy Integrity)?
respectfully submits the following comments to the Climate Action Reserve (the Reserve)
regarding its Permanence Work Program (the Consultation). Policy Integrity is a non-partisan
think tank dedicated to improving the quality of government decisionmaking through advocacy
and scholarship in the fields of administrative law, economics, and public policy.

The Reserve seeks input on “how its carbon crediting protocols should address” the “permanence”
of greenhouse gas (GHG) emissions reductions or removals,? a key feature of the integrity of
carbon credits associated with those reductions or removals.® The Reserve’s permanence
commitments may be an improvement over current industry standards.* But some conceptual
issues remain with how the Reserve, and carbon markets more broadly, define permanence and
how they address reversal risks.

Overall, the Reserve should define permanence as requiring the emissions reductions or removals
that underlie carbon credits to match the duration of emissions in the atmosphere. The Reserve
could then consider adopting a valuation framework that better acknowledges and accounts for
imperfect (non-permanent and risky) reductions or removals, such as one based on the net present
(social) value of avoided emissions (the Social-Welfare Equivalence Framework). Policy Integrity
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recently published a report discussing this idea in more detail (attached as Appendix A).°> These
recommendations reflect recent ideas in the peer-reviewed literature® that carbon markets have not
yet internalized but that align with the Reserve’s motivations of “safeguarding environmental
integrity, while recognizing that the evolving policy context and rapid pace of innovation in this
field mean that other ways of addressing permanence may be capable of satisfying this

imperative.
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More specifically, Policy Integrity makes the following recommendations:

The Reserve should both clarify and reconsider its approach to permanence. (Questions 1
and 16)

o The Reserve should clarify its discussion of permanence and permanence
commitments. (Questions 1 and 16)

o The Reserve should define permanence according to the lifetime of emissions in
the atmosphere. (Question 1)

Tonne-year accounting has important shortcomings that the Reserve should weigh in
evaluating tonne-year accounting’s usefulness for addressing permanence. (Question 5)
The Reserve could consider applying the Social-Welfare Equivalence Framework to
complement the above-recommended, scientific definition of permanence. (Question 16)
No matter how the Reserve approaches permanence, it should improve existing
mechanisms to deal with reversal risks and should evaluate the challenges involved with
embracing mechanisms like insurance. (Questions 6, 12, 14, and 16)

o The Reserve should not cap buffer pool contributions, because doing so can lead to
undercapitalized buffer pools and a greater likelihood of uncompensated reversals.
(Questions 6 and 16)

o The Reserve should ensure that any reductions in required buffer pool contributions
to reflect project developers’ risk management activities align with those activities’
benefits and are generally consistent across locations (absent a reason for variation).
(Question 14)

o In evaluating what role, if any, third-party insurance should play in managing
reversal risks, the Reserve should weigh the duration of available coverage and the
potential limitations of both cash and in-kind compensation. (Question 12)

Policy Integrity elaborates on these suggestions below.

> See generally Raimundo Atal & Derek Sylvan, Integrity, Equivalence, and Imperfect Carbon Offsets, INST. FOR
PoL’Y INTEGRITY (Sept. 2025), https://policyintegrity.org/publications/detail/integrity-equivalence-and-imperfect-
carbon-offsets.

6 See Ben Groom & Frank Venmans, The Social Value of Temporary Carbon Removals and Delayed Emissions, 6
ENV’T & ENERGY POL’Y & THE ECONOMY 169 (2025), https://www.journals.uchicago.edu/doi/full/10.1086/733360.
7 See Permanence Work Program, CLIMATE ACTION RESERVE, supra note 2.



I.  The Reserve should both clarify and reconsider its approach to permanence.
(Questions 1 and 16)

To assist respondents with understanding the Reserve’s current approach to permanence, the
Reserve should clarify its discussion of that approach. Importantly, the Reserve’s approach appears
to be at odds with some important scientific principles. From a scientific standpoint, the duration
of an emissions reduction or removal should (at least roughly) match the atmospheric lifetime of
the emissions that the reduction or removal is used to offset. Otherwise, a carbon credit would not
represent a “permanent” reduction or removal and would therefore not properly cancel out
emissions released into the atmosphere. The Reserve should therefore define permanence
according to the lifetime of emissions in the atmosphere; if it does not, then it should at least use
a term or phrase other than “permanence” (for example, “long-duration” or “century-duration”) to
avoid confusing other market participants. As discussed in Part Il below, pairing the
recommended, scientific definition of permanence with the Social-Welfare Equivalence
Framework could enable the Reserve to incorporate project risks while still accurately valuing
imperfect and risky reductions or removals.

A. The Reserve should clarify its discussion of permanence and permanence
commitments. (Questions 1 and 16)

As stated in the Consultation, “[t]he Reserve defines ‘permanence’ as being equivalent to the
radiative forcing benefits of removing carbon dioxide from the atmosphere for 100 years, per
section 2.10 of its program manual.”® This definition is confusing, because it seemingly indicates
that the term “permanence” refers to the physical benefits of reducing or removing emissions for
100 years rather than explicitly setting a required duration. The Reserve may intend to suggest that
it effectively requires emissions reductions or removals to last 100 years to qualify as permanent;
if so, it should explicitly state this requirement.

Elsewhere in the Consultation, the Reserve discusses the concept of “permanence commitments.”®

The Reserve distinguishes between “two broad components” of its permanence commitments: The
total permanence commitment includes both the “Crediting Period (Maximum)” and the “Post-
Crediting Period.”*® The Reserve should explain how these two components differ from one
another, including in terms of the Reserve’s requirements for project developers during each
period. ! Defining these two components of the total permanence commitments would help
respondents better understand the Reserve’s permanence commitments.

8 See Permanence Work Program, CLIMATE ACTION RESERVE, supra note 2; see also Reserve Offset Program
Manual, CLIMATE ACTION RESERVE 22 (Apr. 2024), https://climateactionreserve.org/wp-
content/uploads/2024/04/Reserve-Program-Manual-v9.2.pdf.

% See Permanence Work Program, CLIMATE ACTION RESERVE, supra note 2.

10 See id.

1 In the Reserve Offset Program Manual (a separate document not directly implicated in the Consultation), the
Reserve defines a project’s crediting period to refer to “the period of time over which a project’s GHG reductions
are eligible to be verified as [Climate Reserve Tonnes].” Reserve Offset Program Manual, CLIMATE ACTION



The Reserve should also clarify the full range of the crediting periods, post-crediting periods, and
total permanence commitments in Chart 1. To start with, Chart 1 appears organized according to
groupings of protocols rather than individual protocols.*? Some specific protocols might have
shorter crediting periods than indicated for the “Crediting Period (Maximum)” in Chart 1.1 If so,
the Reserve should explicitly state the full range of crediting periods. As for the post-crediting
periods, the Reserve states elsewhere in the Consultation that “[f]ive protocols . . . enable shorter
permanence commitments after the end of the crediting period, via tonne-year accounting.”** The
Reserve should likewise clarify the full range of post-crediting periods. Because this variation in
crediting and post-crediting periods affects the total length of the permanence commitment,*® the
Reserve should also expressly state the full range of total permanence commitments.

Finally, if the Reserve’s definition of permanence in fact means that an emissions reduction or
removal must last 100 years to qualify as permanent, then that 100-year requirement differs from
the total permanence commitments listed in Chart 1.2 The Reserve should explain the relationship
between its definition of permanence and its permanence commitments.

B. The Reserve should define permanence according to the lifetime of emissions in the
atmosphere. (Question 1)

Carbon dioxide can remain in the atmosphere for hundreds, if not thousands, of years, contributing
to climate change throughout that timeframe.!’ From a scientific standpoint, the duration of an
emissions reduction or removal should (at least roughly) match the duration of carbon dioxide in
the atmosphere to be considered “permanent” and capable of canceling out emissions.

Scientists have criticized how the voluntary carbon market as a whole approaches permanence.
For example, the 2024 Oxford Principles for Net Zero Aligned Carbon Offsetting (the Oxford
Principles) state,

“Many of the recent international initiatives aimed at improving integrity in the voluntary carbon
market encourage investment in projects that are ‘permanent or, where there is a risk of reversal,
with measures in place to address those risks and compensate reversals.” However, given the
millennial lifespan of fossil carbon in the atmosphere, schemes or standards that only require

RESERVE, supra note 8, at 12. The Reserve Offset Program Manual does not appear to define “post-crediting
period.” See generally id.

12 See Permanence Work Program, CLIMATE ACTION RESERVE, supra note 2.

13 See id.

141d.

15 See id.

16 See id.

17 See David Archer et al., Atmospheric Lifetime of Fossil Fuel Carbon Dioxide, 37 ANN. REV. OF EARTH &
PLANETARY SCIENCES 117, 131 (2009), https://perma.cc/JIJD5-XGXK; Kaya Axelsson et al., Oxford Principles for
Net Zero Aligned Carbon Offsetting, UNIV. OXFORD SMITH SCH. OF ENTER. & THE ENV’T 20 (revised Feb. 2024),
https://perma.cc/D79G-HTEU. Other GHGs have different atmospheric lifetimes. See Env’t Prot. Agency, Overview
of Greenhouse Gases (Jan. 16, 2025), https://perma.cc/7XPX-XW5R (“Each of these gases can remain in the
atmosphere for different amounts of time, ranging from a few years to thousands of years.”).



monitoring and management of potential reversal on decadal timescales may undermine efforts to
achieve and maintain net zero.”®

Indeed, an emissions reduction or removal that lasts for 30, 40, or even 100 or 200 years cannot
truly cancel out an emission that lasts for thousands of years.

The Reserve has implicitly acknowledged this reality before. For example, in the Reserve Offset
Program Manual, the Reserve states, “Because CO2 and other GHG emissions remain in the
atmosphere for very long periods of time, offsetting reductions in GHG emissions must effectively
be permanent.”*® But then the Reserve goes on to provide the same definition of permanence as
the Consultation does: “The Reserve defines ‘permanence’ as being equivalent to the radiative
forcing benefits of removing CO2 from the atmosphere for 100 years.”?° Likewise, in this
Consultation, the Reserve underscores that, unlike for other project types, the Reserve does not
require permanence commitments for biochar projects because “credits are issued only for end-
uses where there is a reasonable level of certainty about the long-term fate of the applied
biochar.”?! The Reserve’s unique treatment of biochar projects suggests that it views other project
types as less likely to be permanent even based on the Reserve’s current definition.

To the extent that the Reserve may require longer durations than industry standards, the Reserve’s
approach is an improvement over the prevailing norms in the voluntary carbon market.?> On a
potential scale of thousands of years, the difference between decades and a century is relatively
small. The Reserve should instead define permanence more stringently, in line with the scientific
consensus.

Pragmatic concerns about such a definition—in particular, worries about how emissions reductions
or removals could be guaranteed on such long timescales—are valid.?® As discussed below, by
applying a framework that better acknowledges and accounts for imperfect reductions or removals,
such as the Social-Welfare Equivalence Framework, the Reserve can explicitly incorporate the
risks that the duration of emissions reductions or removals may not match the duration of carbon
dioxide in the atmosphere while still capturing the benefits of shorter-duration reductions or
removals.?* Especially when combined with such a framework, a scientifically accurate definition
of permanence could help restore transparency and trust in the voluntary carbon market.

18 Axelsson et al., supra note 17, at 20.

19 Reserve Offset Program Manual, CLIMATE ACTION RESERVE, supra note 8, at 22.

20 1d.; Permanence Work Program, CLIMATE ACTION RESERVE, supra note 2.

21 permanence Work Program, CLIMATE ACTION RESERVE, supra note 2.

22 See supra note 4.

23 The Oxford Principles even allude to the legitimacy of these concerns: “It could be possible to achieve a state of
‘dynamic permanence’ where stocks in sinks with lower durability are directly replenished as they expire. So-called
‘contracted permanence’ may also be possible through financial or legal mechanisms, such as covenants to top up a
separate carbon sink. However, such strategies require strong governance and may involve significant costs which
may ultimately mean that strategies based on replenishment of short-term stocks become costlier than durable
storage options.” Axelsson et al., supra note 17, at 20.

2 See infra Part 111,



If the Reserve does not adopt this scientific definition of permanence, then it should consider using
a term or phrase other than “permanent” to describe the carbon credits it issues. For example, the
Reserve could say that it issues “long-duration” or “century-duration” carbon credits instead of
“permanent” carbon credits. Otherwise, the Reserve risks confusing other market participants.
(Buyers of “long-duration” or “century-duration” carbon credits might then need to either qualify
claims that imply that these credits cancel out their emissions or otherwise address the mismatch
between the duration of the underlying emissions reductions or removals and the atmospheric
lifetime of carbon dioxide.)

Il.  Tonne-year accounting has important shortcomings that the Reserve should weigh

in evaluating tonne-year accounting’s usefulness for addressing permanence.
(Question 5)

As the nonprofit CarbonPlan has explained, “Ton-year accounting refers to a family of techniques
for calculating how many tons of temporarily stored CO; are physically equivalent to avoiding the
emission of CO; in the first place.”? In other words, tonne-year accounting allows one to compare
the value, in terms of cumulative radiative forcing (“the amount of extra energy trapped in the
climate system by a CO, emission”), of emissions reductions or removals with varying durations.?®
To illustrate, tonne-year accounting enables comparison between one project that sequesters
carbon dioxide for 25 years and another project that sequesters carbon dioxide for 50 years, in
terms of the projects’ impacts on cumulative radiative forcing over 100 years.

Though appealing as a means of incorporating risks and valuing emissions reductions and
removals of varying durations, tonne-year accounting has significant drawbacks. 2/ Most
importantly, it requires the selection of a timeframe over which to measure equivalence.?® The
choice of timeframe “is a normative judgement rather than the expression of a scientific consensus
or physical reality.”?® As CarbonPlan has pointed out, “there’s nothing stopping someone from
using a 10-year horizon within ton-year accounting,” which “would clearly misrepresent the
physical reality of CO,’s long lifetime in the atmosphere.”*°

The most commonly used timeframe is 100 years.3! Indeed, for the five Reserve protocols that
already use tonne-year accounting, the Reserve uses a default 100-year timeframe but permits
project developers to select a shorter timeframe instead; the Reserve provides an example of a
project developer selecting a 30-year timeframe.3?

% Freya Chay et al., Unpacking ton-year accounting, CARBONPLAN (Jan. 31, 2022), https://perma.cc/4GCY-AFCT;
see also Groom & Venmans, supra note 6, at 172—73.

2 See id.

27 See Chay et al., supra note 25; Groom & Venmans, supra note 6, at 174-76.

28 See Chay et al., supra note 25; Groom & Venmans, supra note 6, at 173, 176.

29 Chay et al., supra note 25.
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31 See Groom & Venmans, supra note 6, at 173.

32 See Permanence Work Program, CLIMATE ACTION RESERVE, supra note 2; see also Chay et al., supra note 25
(noting that “[Climate Action Reserve’s] calculation of partial credit is distinct from any other published ton-year



The timeframes that the Reserve permits for the five protocols that currently use tonne-year
accounting—even the 100-year default—are shorter than the lifespan of carbon dioxide emissions
in the atmosphere.®® According to a recent peer-reviewed article by the economists Ben Groom
and Frank Venmans, limiting the relevant timeframe to 100 years “ignores any impacts that either
permanent or temporary emissions reductions might have in the longer term, beyond 100 years. . . .
In the context of climate change, where temperature effects of CO2> emissions last for many
centuries, this is a short time horizon and considers the well-being of only a subset of the many
future generations that will be affected by climate-change interventions.”®* At least as used by the
Reserve, tonne-year accounting does not fully incorporate reversal risks on the requisite centuries-
to-millennia timeframes.® Carbon credits based on the Reserve’s tonne-year accounting thus
cannot properly cancel out emissions.3®

Another shortcoming of tonne-year accounting is that it does not account for important physical
climate outcomes other than cumulative radiative forcing.®’ According to the peer-reviewed
economics article mentioned above, “by and large it is the resulting temperature arising from
climate change that is the outcome of concern to society, not concentrations of CO> or [global
warming potential].”*® CarbonPlan has asserted that “[i]t’s absolutely possible that temporary
carbon storage looks beneficial through the lens of cumulative radiative forcing, but may be neutral
or even counterproductive through the lens of temperature targets after the temporary storage
ends.”%®
I1l.  The Reserve could consider applying the Social-Welfare Equivalence Framework to
complement the above-recommended, scientific definition of permanence. (Question
16)

As discussed above, carbon dioxide can remain in the atmosphere for hundreds, if not thousands,
of years.*® The Reserve, other crediting programs, and carbon markets in general would benefit
from acknowledging that guaranteeing permanence—such that emissions reductions or removals
associated with carbon credits (at least roughly) match the lifespan of the corresponding emissions
in the atmosphere—is an admirable but very difficult if not impossible goal. Buffer pools,
insurance, and other mechanisms can address some reversal risks, but given the uncertainties and
long timeframes involved, no mechanism can reduce these risks to zero.*!

approach that we’ve come across; it relies on the assumption that 100-years is ‘permanent’ and gives partial credit
for anything less.”).
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34 Groom & Venmans, supra note 6, at 176.

3 See supra Part 1.B.
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37 Groom & Venmans, supra note 6, at 174-76; Chay et al., supra note 25.

% Groom & Venmans, supra note 6, at 174; see also Chay et al., supra note 25.

39 Chay et al., supra note 25.
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Instead of aiming to guarantee permanence, the Reserve (and other crediting programs) should
explore alternative approaches that better recognize the risks and uncertainties involved. One
approach that appears promising (but which may not be the best or only option) would involve
adopting the Social-Welfare Equivalence Framework to value imperfect carbon credits in terms of
social welfare (rather than physical climate outcomes, as in tonne-year accounting). A recent
Policy Integrity report, included as Appendix A to this comment letter, discusses this approach in
greater detail.*2

Under the Social-Welfare Equivalence Framework, the value of a perfect (that is, permanent and
risk-free) carbon credit equals the social cost of carbon—the present value of the damages from
emitting one metric ton of carbon dioxide into the atmosphere.** The Reserve can therefore
estimate the value of an imperfect (for instance, a non-permanent) credit relative to the value of a
perfect credit by calculating the present value of the avoided damages from temporary emissions
reductions or removals divided by the social cost of carbon.**

Using the Social-Welfare Equivalence Framework would enable the Reserve to fully incorporate
reversal (and other) risks without excluding imperfect-yet-valuable emissions reductions or
removals. By contrast, the Reserve’s (and other crediting programs’) current approach to
permanence cannot properly incorporate these risks and may exclude from the voluntary carbon
market non-permanent, risky emissions reductions or removals that nonetheless enhance social
welfare. *® The Social-Welfare Equivalence Framework also overcomes the aforementioned
limitations of tonne-year accounting.*® Unlike tonne-year accounting, it does not require selecting
a limited timeframe for permanence to obtain valid equivalence estimates.*’

A possible downside of adopting the scientific definition of permanence and the Social-Welfare
Equivalence Framework is that doing so may necessitate modifications to claims based on the
notion that carbon credits cancel out emissions. *® Under the Social-Welfare Equivalence
Framework, claims about carbon credits should reflect the social benefits of the associated
emissions reductions or removals rather than claiming to physically cancel out emissions.*®

To illustrate, imagine that the Reserve estimates using the Social-Welfare Equivalence Framework
that an imperfect carbon credit is worth 10% of a perfect carbon credit.>® A buyer will then need
to purchase ten of those imperfect carbon credits to “fully offset the damages”—in terms of social
welfare—of one metric ton of emissions.>! Claims can also be expressed in monetary terms: If the
social cost of carbon were $200, then buying five of the same imperfect carbon credits (worth 10%

42 See generally id.

41d. at 14.

4 Seeid..

% See supra Part 1.B.

46 See supra Part 1.

47 See id.; Atal & Sylvan, supra note 5, at 14.
48 See Atal & Sylvan, supra note 5, at 20.

49 See id.

50 .

51 d.



of a perfect carbon credit in terms of social welfare) would offset $100 worth of climate-related
social-welfare damages.

Both of these changes—the use of the scientific definition of permanence alongside a Social-
Welfare Equivalence Framework—would mark a significant departure from the prevailing
practices in carbon markets.>® At the same time, these changes could strengthen the role of carbon
markets in broader climate-mitigation strategies and help restore public trust in these markets
following recent press and peer-reviewed literature that emphasizes the prevalence of carbon credit
integrity problems.>* In fact, the Social-Welfare Equivalence Framework can also incorporate risks
related to other carbon credit integrity problems like additionality and leakage.>® As mentioned
above, the appended Policy Integrity report explains the Social-Welfare Equivalence Framework
in greater detail.

IV.  No matter how the Reserve approaches permanence, it should improve existing
mechanisms to deal with reversal risks and should evaluate the challenges involved
with embracing mechanisms like insurance. (Questions 6, 12, 14, and 16)

Even if the Reserve does not change its definition of permanence or its fundamental approach to
risks, it should improve the effectiveness of existing mechanisms for dealing with reversal risks.
For example, the Reserve should avoid capping buffer pool contributions, which can lead to
undercapitalized buffer pools. The Reserve should also ensure that any reductions in required
buffer pool contributions to reflect project developers’ risk management activities align with the
benefits of those activities; such reductions should also generally be consistent across locations,
absent a reason for variation. Finally, the Reserve should carefully weigh the challenges associated
with embracing new mechanisms to address reversal risks. For third-party insurance, those
challenges include the duration of available coverage and the potential limitations of both cash and
in-kind compensation.

Still, as explained above, mechanisms like buffer pools and insurance cannot reduce reversal risks
to zero.%® Further changes—such as pairing the scientific definition of permanence with a new
approach to risks (such as the Social-Welfare Equivalence Framework discussed above)—are
necessary to fully incorporate these risks.®’

52 1d.

%3 See Shortell & Holt, supra note 3, at 2 (noting that the voluntary carbon market “relies on the notion that
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57 See supra Parts 1.B, 111.



A. The Reserve should not cap buffer pool contributions, because doing so can lead to
undercapitalized buffer pools and a greater likelihood of uncompensated reversals.
(Questions 6 and 16)

Regardless of if or how the Reserve addresses the conceptual issues identified above, the Reserve
should not cap buffer pool contributions because doing so could undercapitalize the buffer pool.
Buffer pool contributions should reflect the individualized risks of a project over time. For example,
the Reserve caps the buffer pool contributions for U.S. urban tree planting projects at 6%
(implicitly, 6% over the relevant time period, whether 100 or 200 years, depending on what the
Reserve requires during the crediting and post-crediting periods).*® If the reversal risks for an
individual urban tree planting project are greater than 6%—as they may well be in some U.S.
cities—then the 6% cap for the entire protocol will cause the individual project to under-contribute
to the buffer pool, jeopardizing the buffer pool’s ability to address eligible reversals.

Requiring a minimum buffer pool contribution may reduce the risk of undercapitalization if some
projects’ buffer pool contributions exceed their reversal risks, but it is difficult to know (at least
based on currently available information) to what extent that is the case. To lower the risk of
undercapitalization, the Reserve could (if it has not done so already) adopt a maximum risk
threshold above which it will not certify a project, as Verra does for some project types.*® At the
same time, the Social-Welfare Equivalence Framework outlined above (and perhaps other
frameworks like it) can more precisely incorporate projects’ risks while still valuing imperfect,
risky projects.®°

B. The Reserve should ensure that any reductions in required buffer pool contributions
to reflect project developers’ risk management activities align with those activities’
benefits and are generally consistent across locations (absent a reason for variation).
(Question 14)

As the Reserve notes in the Consultation, “[v]arious protocols allow for reduced buffer pool
contributions if project-specific management activities are undertaken.”®* For example, the
Reserve allows lower buffer pool contributions for U.S. forestry project developers that enter into
conservation easements.®? Meanwhile, for forestry protocols based in Latin America and the
Caribbean, the Reserve permits reduced buffer pool contributions for project developers that

voluntarily offer “additional community trainings.”®3

The size of the buffer pool should ideally reflect projects’ reversal risks over time. If the Reserve
does not already do so, it should thus explain in the appropriate protocol or project documentation
the connection between the risk management activity and the associated reduction in buffer pool

%8 See Permanence Work Program, CLIMATE ACTION RESERVE, supra note 2; see supra Part I.A.

%% AFOLU Non-Permanence Risk Tool, VERIFIED CARBON STANDARD 26 (May 2024), https://perma.cc/ASN7-
VGAP.

80 See supra Part Il.

51 Permanence Work Program, CLIMATE ACTION RESERVE, supra note 2.

62
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contributions. Moreover, for the same general protocol type (for example, forestry protocols), one
would expect that at least some risk management activities would work across multiple project
locations. When the Reserve allows reduced buffer pool contributions for a given activity for
projects in one region but not for projects in another region, it should explain the reasoning for the
inconsistency. For example, the Reserve should explain why “additional community trainings” are
relevant only for forestry protocols in Latin America and the Caribbean and not for forestry
protocols in the United States.%

C. In evaluating what role, if any, third-party insurance should play in managing
reversal risks, the Reserve should weigh the duration of available coverage and the
potential limitations of both cash and in-kind compensation. (Question 12)

There are important challenges associated with using third-party insurance to manage reversal
risks. Even under the Reserve’s current approach to permanence, policyholders would need to
maintain their coverage over long timeframes—potentially for up to 200 years, if they need to
match the total permanence commitments in Chart 1.%° But at least a few of the main carbon credit
insurers seem to offer only much shorter policy periods. For instance, the insurer Kita may only
offer maximum policy periods of five or ten years, depending on the insured-against risk.%® The
insurer Oka seemingly offers only two-, three-, and four-year policy terms.®’ Policyholders would
thus need to repeatedly renew their coverage just to match the Reserve’s existing requirements.®®
Moreover, maintaining a policy throughout the required timeframe is not only up to the
policyholder. Carbon credit insurance is a relatively new offering, and if the industry fails to take
off, insurers could go insolvent.®® Some, including states with cap-and-trade programs that allow
carbon credits to count towards a portion of regulated entities’ compliance obligations, have
expressed concern about this possibility.”

In addition, if insured risks materialize, insurers typically pay covered parties in either cash or
replacement carbon credits.”* If, upon a reversal event, an insurer pays a claim in cash, then this

64 See id.

8 1d.; see supra Part I.A.

8 See Counterparty Insurance, KITA, https://perma.cc/M2R5-GV98 (5 years for counterparty insurance); Non-
Delivery Insurance, KITA, https://perma.cc/8FDT-5UWQ (10 years for non-delivery insurance). For two of its four
products, Kita does not explicitly state the policy period on its website. See Buffer Depletion Insurance, KITA,
https://perma.cc/QB8Q-8NR3 (omitting an explicit statement of the policy period but including a graphic that may
suggest a 10-year policy period); Political Risk Insurance, KITA, https://perma.cc/47XS-G9DV (omitting any
references to the policy period).

57 Frequently Asked Questions, OKA, https://perma.cc/U476-JY A8 (“What is the term of the policy?”).

% See supra note 65.

89 See, e.g., Shortell & Holt, supra note 3, at 18; Proposed Revisions to Ecology’s US Forest Protocol: Draft for
Public Comment, STATE OF WASH. DEP’T OF ECOLOGY 23 (July 15, 2025), https://perma.cc/987D-RZNU.
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DEP’T OF ECOLOGY, supra note 69, at 23 (noting that “safeguards would be needed to ensure the insurance policies
are held for the entire 100+ year life of the project, and to protect against insurer insolvency in what would be a very
new insurance market”).

"L See, e.g., FAQs, KITA, https://perma.cc/AAHS-CTFP (payouts in cash or replacement credits, depending on the
covered party’s choice); Frequently Asked Questions, OKA, https://perma.cc/6L7A-QYY2 (“How much is the policy
payout?”) (“Each carbon credit will have a stated value provided by the insured to Oka. The policy will pay out the
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compensation does not address the lost emissions reductions or removals caused by the reversal
(unless the insurance contract obligates the policyholder to then use the cash to obtain new credits
of the same or similar quality). This mismatch could invalidate offsetting claims made by buyers
of the reversed carbon credits. Even if the insurer provided replacement credits, it is unclear
whether the replacement credits would also come from Reserve-certified projects;’? to the extent
that replacement credits could come from other projects, they may not meet the Reserve’s standard.

Conclusion

The Reserve should define permanence as requiring the emissions reductions or removals
represented by carbon credits to match the duration of emissions in the atmosphere. Otherwise, a
carbon credit would not truly represent a “permanent” reduction or removal and would therefore
not properly cancel out emissions released into the atmosphere. Guaranteeing permanence on a
centuries-to-millennia timeframe is an admirable but very difficult if not impossible goal.
Applying a framework that better acknowledges and accounts for risks, such as the Social-Welfare
Equivalence Framework, would enable the Reserve to incorporate project risks over time while
still valuing imperfect and risky emissions reductions or removals.

Sincerely,

Erin Shortell, Legal Fellow
Raimundo Atal, Economic Fellow
Derek Sylvan, Strategy Director
Don Goodson, Executive Director
erin.shortell@nyu.edu

stated value per credit times the number of insured credits, less a retention.”); CARBONPOOL, https://perma.cc/8ES7-
MP7Z (payouts in replacement credits only).
2 See id.
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Executive Summary

missions-related targets such as “net zero” or “carbon neutrality” cover roughly 76% of
global emissions and a similar share of global GDP. To meet these goals, many firms and
countries rely on carbon offsets.

Evidence suggests, however, that many if not most of the carbon credits issued from offset
projects suffer from integrity problems, meaning they do not represent the emissions removals
or reductions they purport to represent (typically one ton per carbon credit). Accordingly, a large
portion of offset projects overstate emissions removals or reductions. This evidence has fueled
an intense debate over the role of offsets in climate mitigation strategies.

Carbon markets are largely built around efforts to “ensure” credit integrity, allowing buyers to
assume that every credit represents one ton of additional, permanent, and leakage-free emissions
removals or reductions. This guarantee underpins credit value and market operation because it
allows buyers to credibly claim they are “canceling out” their emissions, as implied by net-zero
or carbon-neutrality claims.

Market participants currently use multiple tools to reduce some integrity risks, including buffer
pools, baseline reassessments, conservative project estimates, and insurance. But, given the
uncertainties and long timeframes involved, no mechanism can reduce integrity risks to zero.
“Canceling out” emissions with offsets requires guaranteeing permanence, additionality, and no
leakage for centuries or millennia, matching the lifetime of greenhouse gases in the atmosphere.
Guaranteeing this level of integrity is ultimately an unrealistic goal.

Some analysts argue that this mismatch means offset-based net-zero and carbon-neutrality
claims should be abandoned altogether. At the same time, increasing scrutiny of credit integrity,
including litigation against firms using credits, is prompting some companies to move away from
such claims and motivating regulators to define what constitutes a valid claim. Market participants,
including entities providing guidance on methods to assess integrity or set appropriate emissions-
related targets, have offered diverging views on how to handle uncertainty.

This report proposes that moving the debate forward may require a more explicit acknowledge-
ment of offset risks. This would improve market transparency and recognize the potential role
of imperfect (non-permanent, risky) projects that may still have value. The current insistence
on guaranteeing integrity is unrealistic and potentially misleading, and it could also lead to the
exclusion of some risky projects that are worthy of investment under the right circumstances.

Imperfect offsets can be viewed as temporary removals (or reductions) that delay emissions,
pushing warming into the future. Such delays may have value because they reduce the present
value of damages when discounted, postpone tipping points, and buy time to develop new
technologies for addressing climate change. Researchers illustrate the value of imperfect
offsets using the concept of “equivalence,” which is the number of imperfect offsets that equal



one perfect offset in terms of carbon concentrations, warming potential, the present value of
damages, or other outcomes.

Acknowledging offsets’ irreducible risks is more transparent and potentially more efficient,
though it raises important questions about the types of claims companies (and countries) can
make when relying on offsets. This report proposes options for acknowledging these risks.

One way forward would be for carbon-market stakeholders to agree on an acceptable level of
uncertainty for claims implying the full cancellation of emissions (such as net-zero claims). For
instance, stakeholders might set a risk threshold of 5% for reversal, non-additionality, or leakage
over 100 years, and allow all qualifying projects to issue credits equivalent to a permanent ton of
emissions. Another option would be for entities to use climate-related claims that are based on the
present value of avoided damages from removals or reductions, using equivalence frameworks.
For example, if an imperfect offset is valued at 10% of a perfect offset, one could claim to “fully
offset the damages” of one ton of emissions by purchasing 10 such credits. Alternatively, if the
social cost of carbon is $200, purchasing 5 credits could be framed as offsetting $100 worth of
damages.

These claims acknowledge uncertainty while balancing four objectives: (1) keeping metrics and
claims simple enough to measure and communicate progress toward targets; (2) ensuring claims
are not misleading, even with uncertainty; (3) maintaining incentives to invest in offsets with
climate benefits that outweigh their costs; and; (4) aligning with broader climate goals, such as
limiting warming to Paris Agreement targets.

Ultimately, the problem is not that offsets are risky, but that carbon markets fail to transparently
communicate and value these risks, and that net-zero claims ignore their uncertainty. Carbon
markets should avoid letting the perfect be the enemy of the good, but should also avoid letting
the imperfect appear perfect.



1. Carbon Offsets and Integrity:
an Ongoing Debate

urrently, emissions-related targets, such as “net zero” or “carbon neutrality,” cover roughly

76% of global emissions and a similar share of global GDP." To meet these targets, a large
number of firms and countries use carbon credits to offset their emissions.? The voluntary carbon
market, where firms acquire credits issued by offset projects, has grown significantly, from
supplying roughly 40 million credits (representing 40 million tons of carbon dioxide) in 2010 to
nearly 260 million credits in 2024.3 Estimates suggest that this market could generate between
0.5 and 1.5 billion credits by 2030, with a value between $10 billion and $40 billion, up from $2
billion in 2021.4

Offsets also play an integral part in many countries’ climate targets and strategies. Under the
Kyoto Protocol’s Clean Development Mechanism, countries have funded more than 3,000 offset
projects (typically outside their national borders) that have issued more than 2.3 billion credits.®
Offsets are also an integral part of the Paris Agreement Crediting Mechanism, the new framework
put in place under Article 6 of the Paris Agreement.® In addition, many compliance markets, such
as California’s Cap and Trade Program, allow companies to use varying amounts of offsets to
meet their obligations.’

' John Lang, et al., Data Explorer, NET ZERO TRACKER, https://perma.cc/74HL-HIDS (last visited Sept. 4, 2025).

2 The literature often refers to carbon credits and carbon offsets interchangeably, but these are distinct concepts.
A carbon credit is a tradeable instrument that represents promised emissions removals or reductions. A carbon
offset is a carbon credit that an entity has used to counteract its emissions. An offset project is an activity that
removes or reduces emissions. Offset projects issue carbon credits, which can then be used as carbon offsets.
We use the term “carbon markets” to include the voluntary carbon market, the Paris Agreement Crediting
Mechanism (and its predecessor, the Clean Development Mechanism), and compliance markets that allow
offsets. See ERIN SHORTELL & CHris HoLt, INST. FOR PoL'y INTEGRITY DEMYSTIFYING THE VOLUNTARY CARBON MARKET: AN
OVERVIEW OF THE MARKET's INNER WORKINGS, 2-3 (2025).

3 BarbaraK. Haya, et al., Voluntary Registry Offsets Database v2025-04, BErkeLEy CARBON TRADING PROJECT, UNIVERSITY
oF CALIFORNIA, BERKELEY (2025), https://perma.cc/QY4U-2RHH.

4 Voluntary Carbon Markets Set to Become at Least Five Times Bigger by 2030—Shell, Reuters (Jan. 19, 2023),
https://perma.cc/BD2X-CTLM; Josefin Nordahl, AlliedOffsets Forecast Predict Supply for Credits Could Reach
Up to 600 Million Tonnes by 2030, ALLiEDOFFseTs (Nov. 14, 2023), https://perma.cc/SFZW-ZYVV.

®  Machiko Louhisuo, Masatsugu Azuma, & Takashi Wakamura, Clean Development Mechanism (CDM) Project
Database Version 13.7, INsT. FOR GLoB. ENV'T STRATEGIES, https://pub.iges.or.jp/pub/iges-cdm-project-database/
en (last visited Sept. 7, 2025).

¢ Paris Agreement Crediting Mechanism, U.N. CumATE CHANGE, https://perma.cc/XK8E-CW6F (last visited Sept. 4,
2025) ("[U]nder Article 6, countries are able to transfer carbon credits earned from the reduction of greenhouse
gas emissions to help one or more countries meet their climate targets.”).

7 See Grayson Badgley et al., California’s Forest Carbon Offsets Buffer Pool Is Severely Undercapitalized, 5 FRoN-
TIERS IN FORESTs & GLoB. CHANGE 930426, 1 (2022). Recent efforts seek to deepen and increase the connection
between these systems, for example, by facilitating credit trading between countries (under Article 6 of the
Paris Agreement), connecting the voluntary carbon market with compliance markets, or authorizing the use of
mitigation outcomes from the voluntary carbon market to count towards Nationally Determined Contributions.
See U.N. CumaTte CHANGE, supra note 6 (“For example, through this mechanism a company in one country can
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Growing evidence suggests, however, that most offset projects overstate emissions removals
or reductions. Accordingly, a large portion of credits from these projects suffer from integrity
problems, meaning they do not represent the emissions removals or reductions they purport
to represent.® Well-understood market failures in carbon markets, namely those stemming from
information asymmetries between offset project developers, crediting programs, and credit
buyers, contribute to the integrity problems that recent evidence has highlighted.’

As a result, the role of offsets in climate mitigation strategies has become a topic of heated
debate. Some policymakers and market participants emphasize offsets’ potential to channel
much-needed funding to climate change mitigation efforts, often downplaying concerns about
integrity.’® Others argue that integrity challenges are fundamental and insurmountable, often
concluding that offsets do more harm than good."" Between these poles, some advocate for
restricting the types of projects that should be able to issue credits by allowing only projects
for which it would be easier to guarantee permanence and additionality (e.g., direct air capture
projects). Others support regulation, the adoption of frameworks like the Oxford Principles for Net
Zero Aligned Carbon Offsetting, or incremental reforms to crediting programs’ methodologies
to enhance credit integrity and overall credibility in carbon markets.'

As part of this debate, many question the credibility of net-zero claims. For example, legal
challenges based on integrity problems are increasingly being brought against corporations that
use credits to back up their carbon-neutrality claims.’ Echoing these concerns, the European

reduce emissions in that country and have those reductions credited, so that it can sell them to another com-

pany in another country. That second company may use them for complying with its own emission reduction

obligations or to help it meet net-zero targets.”); A Practitioner’s Guide: Aligning the Voluntary Carbon Market
with the Paris Agreement Test, GoLb STANDARD (July 3, 2024), https://perma.cc/2ZSK-XFHC.

For example, a recent study suggests that only 16% of issued credits represent real emission removals or

reductions. See Benedict S. Probst et al., Systematic Assessment of the Achieved Emission Reductions of Carbon

Crediting Projects, 15 NaTurRe Commc'N 9562, 2 (2024); see also Thales A.P. West et al., Action Needed to Make

Carbon Offsets from Forest Conservation Work for Climate Change Mitigation, 381 Sci. 873 (2023); Thales A. P.

West et al., Overstated Carbon Emission Reductions from Voluntary REDD+ Projects in the Brazilian Amazon,

117 Proc. oF THE NaT'L AcaD. OF ScieNces 24188, 24190 (2020); Rebecca Sanders-DeMott et al., Ground-Truth:

Can Forest Carbon Protocols Ensure High-Quality Credits?, 13 EarTH's FuTure 1, 2 (2025); Gregory Trencher et

al., Demand for Low-Quality Offsets by Major Companies Undermines Climate Integrity of the Voluntary Carbon

Market, 15 Nature Commc'N 6863 1, 1-2 (2024). This report does not distinguish between “avoided emissions”

and “emission reductions.” See SHORTELL & HoLrt, supra note 2, at 9.

?  See e.g., James B. Bushnell, 12. The Economics of Carbon Offsets, in THE DESIGN AND IMPLEMENTATION OF U.S.
CumaTe Poucy 197, 200-201 (2012); Vittoria Battocletti, Luca Enriques & Alessandro Romano, The Voluntary
Carbon Market: Market Failures and Policy Implications, 95 Univ. oF CoLorapo L. Rev. 519, 548-556 (2024).

0 CHRISTOPHER BLAUFELDER ET AL., McKINSEY, A BLUEPRINT FOR ScALING VOLUNTARY CARBON MARKETS TO MEET THE CLIMATE
CHALLENGE (2021), https://perma.cc/6P8V-2KM4.

" See e.g., Chris Greenberg, Carbon Offsets Are a Scam, (Nov. 10, 2021), https://perma.cc/3AJ8-3WZ7.

2. See e.g., Geoffrey Heal, Greens Are Right to Be Suspicious of Carbon Offsets, (Nat'l Bureau of Econ. Rsch.,
Working Paper No. 33170, 2024) at 2; Trencher et al., supra note 8, at 3; Sanders-DeMott et al., supra note 8,
at 10; Probst et al., supra note 8, at 11.

13 For example, following a lawsuit by the environmentalist group Deutsche Umwelthilfe, a German court recently
ruled that Apple could no longer advertise its Apple Watch as a “CO,-neutral” product. The court based its
ruling on the lack of integrity of carbon credits issued from a forestry project in Paraguay that the company used
to sustain its carbon-neutrality claim. See Rachel More, Apple Watch Not a ‘CO.-Neutral Product,” German Court
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Union is currently debating legislation that significantly restricts the claims companies can make
when using carbon credits.™ In this context, there seems to be unbridgeable gaps between
those who advocate for offsets as effective climate solutions and downplay integrity issues, and
skeptics who either dismiss offsets or seek credible guarantees about their integrity.

As this report discusses, clarifying a few aspects of the integrity problem can help move this
debate forward. A key step in this direction may be for market participants to acknowledge
that ensuring integrity, as currently defined, is an unreasonable goal because the uncertainties
surrounding the permanence, additionality, and leakage of offset projects are impossible, or
prohibitively costly, to eliminate. Instead, the market should accept that offset projects are
inherently imperfect and that they deliver expected, not certain, emissions removals or reductions,
subject to varying degrees of risk, over specific timeframes. Acknowledging these risks can make
the market more transparent and hopefully advance the discussion surrounding integrity. More
specifically, acknowledging these risks can help stakeholders clarify the role of imperfect but
potentially valuable offsets in climate change mitigation strategies. But questions remain about
how this more realistic and transparent framing can align with net-zero claims.

This report is organized as follows. In section 2, we discuss how the voluntary carbon market is
organized around ensuring credit integrity, clarifying the difference between “ensuring” credit
integrity and credits with “high” integrity. In section 3, we argue that ensuring integrity, which
conveys certainty of permanence, additionality, and non-leakage, is an unreasonable goal. The
last section discusses the implications and highlights some potential recommendations moving
forward.

Finds, ReuUTERs, (Aug. 26, 2025), https://perma.cc/K54C-5L92. Similar lawsuits have been filed against companies
such as Danone (Evian), Delta Airlines, and Adidas over their carbon-neutrality claims. See Companies Claiming
“Carbon Neutral” Status While Using Carbon Offsets Seeing Rise in Lawsuits, Menarry WEBer PC (Aug. 2, 2023),
https://perma.cc/5XE5-55UN; Jasmin Jessen, German Court Bans Adidas’ Climate Neutrality Advertising,
SusTAINABILITY MAGAZINE (Apr. 3, 2025), https://sustainabilitymag.com/articles/german-court-bans-adidas-climate-
neutrality-advertising (last visited Sept. 7, 2025). See also Michael J. Polonsky, Stacy Landreth Grau, & Romana
Garma, The New Greenwash?: Potential Marketing Problems with Carbon Offsets, 18 INT'L J. oF Bus. Stup. 49
(2020).

4 See Kate Abnett, EU Halts Talks on Law Tackling Companies’ Fake “Green” Claims, Reuters (June 23, 2025),
https://perma.cc/8B8C-NF95.
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2. Carbon Markets Are Organized
Around Attempting to Ensure
Credit Integrity

Carbon markets are largely organized around efforts to “ensure” credit integrity. Ensuring
integrity means guaranteeing that a carbon credit corresponds to the amount of removed
or reduced emissions that it purports to represent, typically one metric ton of carbon dioxide or
carbon dioxide equivalent (together, carbon).” Among other considerations, ensuring integrity
means guaranteeing removals or reductions are permanent, additional, and do not result in
leakage, regardless of the type of project (e.g., a forestry project or direct air capture). These
criteria are defined below.

Integrity Criteria for Carbon Credits'

Carbon credit integrity refers to the likelihood that a carbon credit corresponds to the
amount of removed or reduced emissions that it purports to represent (typically one
metric ton of carbon dioxide, or carbon dioxide equivalent), without causing other harms
or negative externalities. Credit integrity depends on the permanence, additionality, and
leakage of the emissions removals or reductions from the project issuing the credits.
Credits can also be over-counted, further undermining their integrity. We define these
terms below.

Permanence: A project is considered permanent if the emissions removed or reduced
stay out of the atmosphere for a similar duration to the typical lifespan of such emissions
in the atmosphere, which in the case of carbon dioxide is hundreds, if not thousands, of
years.

Additionality: A project is additional if it would not have proceeded without the financial
incentive of selling carbon credits. Crucially, assessing additionality requires evaluating a
counterfactual scenario where the credit’s revenue does not exist.

Leakage: Leakage occurs when emissions removals or reductions by an offset project
result in increased emissions outside the project’s boundaries that are not properly
accounted for. Like additionality, assessing leakage requires evaluating a counterfactual
scenario where the offset project does not exist.

5 SHoRTELL & HolT, supra note 2, at 26.
6 Seeid. at 37.



Environmental and Social Harm: Offset projects can result in environmental and social
harm. For example, a project can affect shared resources like forests or wildlife without
addressing concerns or input from community members. Similarly, a reforestation project
could affect biodiversity, such as by favoring exotic monocultures over biodiverse and
local species.

Over-counting: Over-counting occurs when one emissions removal or reduction is counted
more than once, diluting the value of an associated carbon credit.

Market participants and analysts sometimes discuss “high-integrity” credits as well as efforts
to “ensure” or “guarantee” credit integrity, often using these concepts interchangeably.
But there are important distinctions between credits with a high probability of representing
one ton of permanent, additional, and non-leaked emissions removals or reductions,
and those for which integrity is “guaranteed,” meaning that the probability is 100%.
Carbon markets are largely structured around crediting programs that claim to effectively
guarantee integrity, but the lack of transparency around risks has implications for the
uncertainty of claims that rely on offsets. In this report we explicitly differentiate between
“high-integrity” credits and credits where integrity is “guaranteed.”"’

Credit integrity is key for the current structure of all carbon markets that use offsets. Assumptions
of integrity underpin a credit’s value by letting a buyer (such as a firm or a country) communicate
that its emissions are “canceled out” in a net-zero, carbon-neutrality, or similar, claim. Most
discussions about these markets focus on the types of provisions needed to ensure the integrity
of credits.

In this report, we draw a clear—but often overlooked—distinction between a credit where
integrity is “guaranteed” and a credit with “high integrity.” Guaranteeing integrity means the
emissions removals or reductions a credit represents (typically one ton) are effectively assured.
In contrast, high-integrity credits are those with a high probability—but not certainty—of
delivering the claimed removals or reductions. Crediting programs largely aim to ensure integrity
by guaranteeing the permanence, additionality, and non-leakage of the emissions removals or
reductions behind the credits.’® While the literature and market participants often use these terms

7 See, e.g., Kava AxELSSON ET AL., UNIv. oF OXFORD SMITH ScH. OF ENTER. & THE ENv'T, OxFORD PRINCIPLES FOR NET ZERO
ALUGNED CARBON OFFSETTING (Revisep 2024) 5-6 (2024), https://perma.cc/D79G-HTEU (calling actors to “ensure
the integrity of credits,” via seeking credit-generating investments with “low risk of reversal”); Verified Carbon
Standard (VCS), VErra, https://perma.cc/4HBA-73PH (referring to guaranteeing integrity as the crediting
program'’s goal by claiming that “[e]ach Verified Carbon Unit (VCU) represents a reduction or removal of one ton([]
of carbon dioxide equivalent (CO,e) achieved by a project. All VCUs adhere to a number of quality assurance
principles to ensure that the VCUs represent GHG emission reductions or removals that are real, measurable,
additional, permanent, independently verified, conservatively estimated, uniquely numbered, and transparently
listed.”).

8 See SHORTELL & Hotr, supra note 2, at 9-13, 26-37.
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interchangeably, the difference is critical for how carbon markets function and the credibility of
net-zero claims.

A wide range of risks can undermine credit integrity, and market participants use a variety of tools
to address them. First, offset projects are subject to “reversal” risks, that is, the risk that previously
sequestered carbon will be released back into the atmosphere, making the emissions removals
non-permanent (e.g., after awildfire, drought, or a pestin a forestry project). Reversal risks depend
on external conditions such as extreme weather events, but also on internal conditions, such as
the project’s management.'” Other risks are more subtle, but equally important. For example, a
credit does not result in real emissions removals or reductions if its revenue is irrelevant for the
offset project (“additionality”), or if it leads to higher emissions elsewhere (“leakage”). Assessing
leakage and additionality requires estimating baseline emissions from counterfactual scenarios
where the credit’s revenue (additionality) or the offset project (leakage) does not exist, which is
inherently uncertain. Moreover, changes in policies, market conditions, methods, or data can all
make initial estimates of a project’s baseline emissions invalid. For example, new conservation
policies protecting the region where an offset project is located could render the income from
carbon credits irrelevant, making the project’s future emissions removals or reductions non-
additional. Similarly, new methods and data can make initial (or future) leakage and additionality
assessments invalid. Any of these risks can make actual emissions removals or reductions smaller
than initial estimates, undermining a credit’s integrity (if not properly accounted for).?°

“Buffer pools” are one of the main tools that market participants use to account for reversal
risks and better ensure credit integrity. In the voluntary carbon market for example, crediting
programs typically require offset projects facing reversal risks to contribute a portion of their
credits to a pool, which cannot be sold and are used if a reversal occurs. For example, if a project
is estimated to remove 100 tons of carbon and must contribute 10% of its credits to the buffer
pool, it can sell only 90 credits. The remaining 10 credits are held back to compensate for the
losses if an event like a wildfire re-emits part of the originally reduced or removed emissions.
Verra, the largest crediting program in the voluntary carbon market, currently assigns buffer
contributions based on each project’s estimated failure risk (a 20% risk means 20% of the credits
go into the buffer pool), with a minimum threshold. In contrast, Gold Standard, another major
crediting program in this market, applies a uniform 20% buffer contribution to all projects that
require buffer pool contributions, regardless of their individual risk.!

Crediting programs typically require the periodic reevaluation of a project’s baseline. If a change
in the baseline makes a project emissions removals or reductions no longer additional, crediting
programs can reduce the number of credits it can issue. Under Verra’s current REDD methodology,

' Financial and political risks are also relevant. See, e.g., VeErra, AFOLU NoN-PERMANENCE Risk TooL 6, 16 (2024),

https://perma.cc/ASN7-VGAP.

See Ben Groom & Frank Venmans, The Social Value of Temporary Carbon Removals and Delayed Emissions, 6

Env'T & ENERGY PoL'y & THE Econ. 169, 170-172 (2025); SHorTELL & HoLT, supra note 2, at 26-34.

21 See Anna MacDonald, Guide to Carbon Credit Buffer Pools, Svivera (Dec. 15, 2022), https://perma.cc/397Z-
9B8Q (“Contributions to the pool are either a standard flat rate that may be subject to change (i.e. 20% for Gold
Standard) or determined on a risk-adjusted basis by project with minimum thresholds set by registries (i.e. Verra

>10%).").
®

20
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baselines are reassessed every six years for the duration of the crediting period.?? As additional
tools for ensuring integrity, some crediting programs apply “uncertainty” and “leakage risk”
discounts to the stated emissions removals or reductions, lowering the number of credits a
project can issue.?

By applying these tools, crediting programs aim to estimate an offset project’s emissions
removals or reductions, determine how many credits the project can issue, and establish
insurance mechanisms to compensate when removals or reductions are lower than previously
stated. In other words, these tools are intended to ensure that, even in the face of risks, a carbon
credit genuinely represents an additional, permanent, and non-leaked ton of carbon removed or
reduced from the atmosphere, independent of the type of project that issues it.

In addition to these tools, several insurance companies now offer protection against risks
that credits will fail to deliver the promised emissions reductions. These companies offer to
compensate the credit buyer, either financially or by supplying replacement credits, in case the
provisions discussed above fail to secure the stated emissions removals or reductions.?*

22 Getting the Standard: Verra’s Revolutionary New REDD Methodology, VErra (Nov. 27, 2023), https://perma.cc/
R8Y8-XC3K (“Per the January 2022 VCS Program update (PDF), baselines must be reassessed every six years.”).

3 See, e.g., Estimation of Uncertainty for REDD+ Project Activities (X-UNC), VErrA, https://perma.cc/GA9K-9ZSD
(detailing Verra's REDD+ methodologies to calculate uncertainties in project's baseline emissions, carbon
sequestration, and leakage. These methodologies specify formulas to discount the number of credits a project
can issue when these uncertainties pass a certain threshold.). See also, Joanna Klitzke, Zeke Hausfather, & Nan
Ransohoff, Quantifying Delivered Carbon Removal as a Buyer of Early Technologies, FRONTIER (Sept. 19, 2022),
https://perma.cc/9QHG-MYPY.

% See, e.g., Kita, https://perma.cc/GZR9-N68Z (last visited Sept. 4, 2025); Oka, https://perma.cc/BQ2N-XNJA
(last visited Sept. 4, 2025).
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3. Ensuring Credit Integrity Is an
Unreasonable Goal

hile market participants can reduce the risks associated with carbon credits, evidence

suggests these risks are not eliminated completely. Moreover, as explained below, it is
unreasonable to expect that any provision could reduce these risks to zero and effectively ensure
a credit’s integrity, given the uncertainties and timeframes involved.

First and foremost, a growing body of evidence shows that most projects issuing carbon credits
do not deliver real emissions removals or reductions, suggesting that crediting programs’
methodologies fail to ensure credit integrity. For example, a recent review found that fewer
than 16% of issued credits correspond to actual emissions reductions.?® A key reason is that
many projects fail to achieve additionality, often because of inflated baselines. According to the
review, these inflated baselines arise from flawed incentives and structural market failures that
give project developers excessive discretion in setting project parameters, enabling them to
overestimate emissions reductions and over-issue credits.?

Research also shows that buffer pools have limited capacity to address reversal risks, due to
issues with their risk-calibration methods, the types of risks they cover, and external factors
that can overwhelm their capacity. For example, a recent study shows that current methods for
determining pool contributions for forest projects do not properly account for reversal risks and
for the effects of climate change on the likelihood of such events.?’ Another recent study finds
that California’s forest carbon offset program, which allows regulated polluters to buy a limited
number of offsets under its cap-and-trade system, significantly underestimates the buffer pool
contributions needed to ensure the program’s permanence requirement. The study shows that,
in less than a decade, wildfires have depleted 95 percent of the program’s needed contributions,
and that a single forest disease has the potential to fully consume all credits set aside for disease
and insect risks.?

Buffer poolsalso onlyinsure against reversal risks, not additionality (or leakage) concerns. Crediting
programs do require baseline re-assessments and, if needed, reduce the number of credits that
a project developer can issue based on the new baselines. In principle, these provisions should
have a similar insurance effect to the buffer pools, though these risk adjustments change the
number of future credits a project can issue, not the buffer pool contributions and drawdowns.
Typically, methodological changes and new data do not retroactively change the number of

% Probst et al., supra note 8, at 2.

% Seeid., at 11.

2 William R. L. Anderegg et al., Current Forest Carbon Offset Buffer Pool Contributions Do Not Adequately Insure
Against Disturbance-Driven Carbon Losses, 31 GLos. CHANGE BioLogy €70251, 4 (2025). (“We find that the buffer
pool contributions in Verra's risk tool are inconsistent with forest biomass trajectories from a validated stand
development model in the large majority of disturbance scenarios, especially at moderate or high frequency or
severity of disturbance that are increasingly likely under climate change.”)

% Badgley et al., supra note 7.



credits linked to an offset project. Despite significant empirical evidence showing that most
projects in carbon markets lack additionality, there is no evidence that crediting programs have
adjusted the number of credits nearly enough to match the documented share of non-additional
projects.?’

The fact that credit prices vary widely depending on project type could also suggests the market
is unable to eliminate risks. If all credits truly represented equivalent amounts of emissions
removals or reductions, buyers would not be expected to pay more for one type of credit than
another. But existing data shows that the price for credits issued by direct air capture projects
is consistently higher than credit prices from nature-based removal or reduction projects (e.g.,
reforestation) and other types, which in general are considered to have higher risks.*

There is a larger issue beyond the evidence that current practices fail to guarantee integrity.
Given the long timeframes and uncertainties involved in offsetting emissions, guaranteeing
integrity is an unrealistic goal. Offset projects have risks that cannot be eliminated (e.g.,
wildfire risks), and guaranteeing credit integrity (reducing to zero the risk that a credit does not
represent one ton of carbon) would require credible commitment to compensations—such as
credit replacement from buffer pools, re-investments, or in-kind insurance—that can operate
for centuries. Guaranteeing these compensations over timeframes that match the duration of
emissions in the atmosphere is likely cost-prohibitive not to mention impractical, making it an
unrealistic goal even if uncertainty could be managed.® Moreover, these compensations are
not exact. While emissions removals and reductions are measured with some precision, they
are not exact measurements. Thus, the amount of emissions removals lost in a reversal, and the
resulting compensations, are approximations. Assessing additionality and leakage adds further
complexity (and costs), as it requires the estimation of unobserved counterfactual scenarios,
which are approximations using limited—and evolving—data and methods. Even if mechanisms
are established to compensate for baseline changes, there will be significant uncertainty over
whether a project is truly additional or results in leakage. Moreover, assessing additionality and
leakage over time requires the repeated monitoring of deeply uncertain and evolving conditions
for centuries, just to set credible baselines.

29 See supra note 8.

30 Still, price data in the voluntary carbon market is scarce. See, e.g., Chowdhury et al., Commodities 2024: Price
Slump in 2023 Clouds Outlook for Voluntary Carbon Market, S&P GLoeaL (May 1, 2024), https://perma.cc/42MV-
RANG (showing price differences for different project types). This price difference between direct air capture
and other removal approaches is only suggestive, not conclusive, evidence for several reasons. For example,
investors may be willing to pay a premium for direct air capture because there may be limited capacity to reach
the amount of removals needed for achieving net-zero targets with other types of projects (e.g., reforestation).
Thus, scaling up direct air capture may be necessary, even if it is more expensive. See Wayne S. Walker et al.,
The Global Potential for Increased Storage of Carbon on Land, 119 Proc. oF THE NAT'L. Acap. oF Sci. U.S.A. 1, 1-2
(2022); Myles R. Allen, et al., Net Zero: Science, Origins, and Implications, 47 AnNu. Rev. oF ENv'T. & REes. 849,
878 (2022).

31 See AXELSSON ET AL., supra note 17, at 20. These costs should also consider the costs of establishing the necessary
institutions to provide good governance structures over the relevant timeframes.
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Perhaps tellingly, crediting periodsin carbon markets are relatively short (e.g., 8-40years),*? further
weakening the long-term credibility of integrity claims. This effectively means that reversals,
non-additionality, and leakage can go undetected and uncompensated for large portions of a
project’s relevant lifespan.®® Similarly, insurance companies currently operating in these markets
typically provide coverage for no more than 10 years, and in the case of unfavorable events,
many offer monetary compensation, which is not a guarantee for the physical emissions removals
or reductions that the credits are supposed to represent.?*

Given these concerns, claims that a carbon credit can guarantee one ton of permanent,
additional, and leakage-free, removal or reductions are, at best, debatable. Even with the
provisions discussed above, offset projects can, at most, claim to provide expected emission
removals or reductions, with risks, over periods of time. Yet carbon markets are organized
around the assumption that one credit equals one ton of carbon emissions, with certainty. This
issue seems to underlie the skepticism towards carbon markets. Failure to appropriately address
the difference between the uncertain nature of offsets and the certainty of emissions will likely
cause the debate around offsets to remain stagnant, and scrutiny and litigation over net-zero
(and similar) claims to intensify.

Institutions providing guidance on emissions-related targets and offset-related claims sometimes
offer varying recommendations about uncertainty. For instance, the Science Based Target
Initiative (SBTi) and the Voluntary Carbon Markets Integrity Initiative (VCMI) stress that offsets
should be essentially permanent, implying that the integrity of any credits an entity uses should
be guaranteed.? In contrast, the Oxford Principles for Net Zero Aligned Carbon Offsetting, while
highlighting the need to match the durability of emissions to removals from credits, recommends
that carbon credits, if used, must have a “low risk of reversal” and “avoid negative impacts on
people and the environment,” which allow for a measure of uncertainty.3 At the same time, some

32 Verra's (ton-weighted) average crediting period is 40 years, based on our own calculations using publicly
available data. Their crediting periods vary significantly by project types. While some forestry projects have a
(ton-weighted) average crediting period of 50 years, other types have crediting periods of less than 8 years.
Verra, Verified Carbon Standard Registry, https://perma.cc/2PA2-T3HZ (last visited Sept. 08, 2025). ACR in turn
has an average of 24 years for Forest Carbon Projects (based on our own calculations). ACR, Project Registry,
https://perma.cc/5XAV-AUTA (last visited Sept. 08, 2025). In the CDM, crediting periods had a maximum of
21 years. See Recommendations by the Panel on Baseline and Monitoring Methodologies, U.N. Framework
Convention on Climate Change, at 3, https://perma.cc/4SDB-7CK2.

33 Buffer Pools: Why the Carbon Market Needs a New Approach to Permanence and How Insurance Can Help,
ReNosTER (July 16, 2024), https://perma.cc/44ER-3AUFR.

3 Sustainable Insurer in Full: Carbon Insurance: Distinct Product Categories Emerge As Market Expands, SLPCASE
3.0 (Aug. 5, 2024), https://perma.cc/P3QP-83VQ.

35 Science Basep TARGETs, SBTI CorroRATE NET-ZERO STANDARD CRITERIA, VERSION 1.2 13 (2024), https://perma.cc/42HJ-
LAXN (“Neutralization of unabated emissions to reach net-zero: Companies shall remove carbon from the
atmosphere and permanently store it to counterbalance the impact of any unabated emissions that remain
once companies have achieved their long-term science-based target, and for subsequent years thereafter.”).

36 AXELSSON ET AL., supra note 17, at 5. These institutions argue that offsets should not count towards emissions-
related targets and that entities should focus on reducing emissions. Offsets should only be considered for
compensating “residual emissions” that remain after all abatement efforts are exhausted, or for efforts beyond
targets. Clearly, what constitutes residual emissions is subject to debate, which may imply that offsets will still
play a significant role in their overall emissions-related strategies.

®
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crediting programs seem to acknowledge irreducible uncertainties in determining additionality,
but still claim their methods guarantee integrity.’

A consistent approach to dealing with offset’s risks is an important step in any effort seeking
to integrate offsets in climate change mitigation strategies. This report offers a potential way
forward.

37 Verra, for example, provides inconsistent messages regarding offset uncertainties. See Naomi Swickard, Verra’s

Commitment to the Integrity of Its REDD Methodology: Responding to Feedback, Verra (Dec. 16, 2024), https://
perma.cc/4KU9-VXQJ (“By their nature, additionality assessments inherently require counterfactual analysis,
which involves a degree of uncertainty but is the best available method for establishing causality.”); VErRrRA, supra
note 17 (ensuring a credit equals one ton of emissions removal or reductions).
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4. Moving Forward: Rethinking Risks,
Integrity, and Net-Zero Claims

he integrity concerns and irreducible uncertainties outlined above highlight the need to

rethink key aspects of carbon markets. Doing so can help identify a constructive path forward
that clarifies the appropriate role of offsets (and carbon markets) in addressing climate change.
Critically, this reframing should acknowledge that, even with the safeguards described above
and others that could be put in place, eliminating offset project and integrity risks is prohibitively
costly, and thus ensuring credit integrity is an unreasonable goal. Rather than setting an unrealistic
standard of certainty, the market would be more transparent by making risks explicit. Because
carbon removal and reduction projects will likely need to play key roles in any effective effort to
address climate change, making risks explicit would also help clarify the role of “imperfect” (non-
permanent and risky) offsets that may still offer value. But this approach raises questions about
the types of claims companies (and countries) can make when relying on offsets.

The Value of Imperfect Offsets

Because eliminating risks is prohibitively costly, guaranteeing credit integrity (with the certainty
that it implies) would disqualify most, if not all, offset projects. But avoiding investment in
“imperfect” (non-permanent and risky) projects because of their risks may unnecessarily exclude
valuable opportunities for effective climate change mitigation.3®

Imperfect offsets essentially delay emissions through temporary removals or reductions that
may still offer value by shifting some climate and social impacts into the future. For example,
a forestry project that sequesters carbon but burns after 50 years stores carbon temporarily
and delays the associated emissions for 50 years, postponing the resulting increase in carbon
concentrations, temperature, and damages. Other risks, like future leakage and non-additionality
due to changes in baselines, can also be interpreted as temporary reductions/delayed emissions.
Imperfect offsets can offer value for a few reasons. First, they push climate-related damages
further into the future, thereby reducing their present value if a discount rate is used. Imperfect
offsets may also buy time to avoid triggering climate tipping points, and to develop and deploy
more effective mitigation technologies and policies for meeting long-term targets. Measuring
the value of imperfect offsets largely relies on methods to value the timing of emissions.

Equivalence Measures

Researchers illustrate the value of imperfect offsets using the concept of “equivalence.”
Equivalence seeks to calculate how many imperfect offsets are equivalent to a perfect (permanent,

% See Groom & Venmans, supra note 20, at 205; Zack Parisa et al., The Time Value of Carbon Storage, 144 ForesT
PoL'y & Econ. 102840, 2 (2022).
See Groom & Venmans, supra note 20; Parisa et al., supra note 38.

39



non-risky) one in terms of different outcomes of interest, like carbon dioxide concentrations,
warming potential, or damages.*°

Equivalence measures serve several purposes. First, they clarify the value of imperfect offsets
and highlight the losses associated with low-integrity credits. In doing so, these calculations
allow decisionmakers to compare different climate change mitigation actions that vary in risks,
permanence, and costs. For instance, one can compare the costs and benefits of reducing
reversal risks (e.g., by increasing forest management efforts that reduce wildfire risks). One could
also compare the costs and benefits of a project that removes emissions faster, but with higher
risks than another option. Relatedly, equivalence measures support the fungibility of credits in
carbon markets, which can help attract financing. Lastly, they may inform the design of short-
term commitments that deliver the same benefits and are easier to monitor than longer ones.*

Frameworks Focused on Physical Outcomes

Earlier equivalence calculations focused on physical outcomes such as carbon concentrations
and warming potentials, in what came to be known as the ton-year accounting framework.*?
For example, one study calculated that removing one ton of carbon and re-emitting it after 50
years results in 42% of the reduction in carbon concentrations provided by a permanent removal
(defined at 100 years), so 2.4 of those imperfect offsets would be equivalent to a perfect one,
based on the impacts on carbon concentrations. Another study calculated that value at 59%
when comparing global warming potentials, which implies that 1.7 of those imperfect offsets
would be needed to match the impacts of a perfect one based on warming potential.*®

The ton-year accounting framework has two important shortcomings. First, it requires a bounded
timeframe for considering the impacts of a perfect offset to establish the comparison, limiting
its usefulness for analyzing long-term impacts. The results above, for example, rely on defining
permanence at 100 years.** In the very long run, however, because an imperfect offset only delays
emissions, its impacts on carbon concentrations and warming potential are basically null. Thus, if
the timeframe is sufficiently long, no equivalence can be established between a permanent offset

40 Groom & Venmans, supra note 20, at 172-173.

1 |d. at 186.

42 See, e.g., id. at 172-176; Parisa et al., supra note 38. Researchers use ton-year accounting to calculate “carbon
dioxide equivalent” emissions by comparing the warming potentials of carbon dioxide and methane. See, e.g.,
Allen et al., supra note 30, at 869.

4 See Groom & Venmans, supra note 20, at 173. A 50-years project does not just reduce carbon dioxide
concentrations by half compared to a 100-year project because of the impulse-response functions in the climate
system. The number of imperfect offsets that would be needed to match the impacts of a permanent project is
equal to the inverse of the value of an imperfect offset relative to a perfect offset. Thus 2.4 results from dividing
100% by 42% and 1.7 results from dividing 100% by 59%.

% When comparing warming potentials of carbon dioxide and methane, the ton-year accounting framework
typically uses a timeframe of 100 years. Researchers often denote carbon dioxide equivalent emissions as
CO,-e,,, to make this assumption explicit. See Allen et al., supra note 30, at 869. Some refer to this definition of
permanence in ton-year accounting as a “static-time horizon”. See, e.g., Matthew Brander & Derik Broekhoff,
Methods That Equate Temporary Carbon Storage with Permanent CO, Emission Reductions Lead to False
Claims on Temperature Alignment, 14 CareoN MawmT. 2284714 (2023).



and a group of imperfect offsets that deliver no long-term benefits. This limitation is particularly
important in the context of net-zero or carbon-neutrality claims, which are typically understood to
imply a true “canceling out” of carbon dioxide emissions. To achieve such equivalence, removals
must match the atmospheric lifetime of carbon dioxide emissions—hundreds or even thousands
of years. As a result, these equivalence frameworks have limited relevance when the focus is on
long-term global warming goals.*® Another limitation of ton-year accounting is that it compares
carbon flows across time without applying a discount rate, treating carbon stored in the future
as equally valuable as carbon stored today.*

Frameworks Focused on Welfare Outcomes

Responding to the limitations of ton-year accounting, other studies calculate the value of
imperfect offsets and equivalence based on welfare measures.*’” These authors combine the
physical outcomes described above with economic insights that incorporate discounting and the
monetary value of damages from warming. In these studies, the value of a perfect offset is equal
to the social cost of carbon (the present value of the damages of emitting one ton of carbon into
the atmosphere). Thus, the relative value of an imperfect offset to a perfect one corresponds
to the present value of the avoided damages from the temporary removals/delayed emissions
relative to the social cost of carbon.

These calculations overcome important limitations of the physical-outcome approaches
described above. Importantly, they do not require imposing a limited timeframe for permanence
to obtain valid equivalence calculations. Even if imperfect offsets do not affect long-run physical
outcomes, they may still hold value because they delay damages, which when valued over time
using an economics valuation framework, are discounted.*

The table below replicates one of these study’s main results.*’ It shows the value of an imperfect
offset as a percentage of the value of a perfect offset (equal to the social cost of carbon) under
different risks and permanence assumptions. For example, the authors estimate that one ton
of carbon removed with a 1.4% annual risk of reversal, non-additionality, and leakage is worth
just 44% of a perfect removal. This implies that approximately 2.2 such imperfect offsets are
equivalent, in terms of the present value of avoided damages, to one perfect offset. Similarly,
a removal with no annual risks, but with a known permanence of 100 years, is worth 70% of a
permanent offset, so that around 1.4 of those offsets are equivalent to a permanent one in terms
of the present value of avoided damages.

% See Brander & Broekhoff, supra note 44, at 1.

% See Parisa et al., supra note 38, at 2.

4 See Groom & Venmans, supra note 20, at 174, Parisa et al., supra note 38, at 4.
% See Groom & Venmans, supra note 20, at 171.

4 |Id. at 185.



Equivalence between Imperfect and Perfect Offsets Based on the
Social Value of Temporary Emission Removals or Reductions (%)’

Permanence of Imperfect Offset (years)

Annual Survival
non-;edvoTiEc?slr;ality, [ 25 50 100 Infinite PFO;:::“'CY
and leakage risk 50 years

Share of Value Compared to a Perfect Offset
0 % 10 % 24 % 44 % 70 % 100 % 100 %
0.2 % 10 % 23 % 42 % 64 % 85 % 90 %
0.5% 10 % 22 % 39 % 57 % 70 % 78 %
1.4 % 9 % 20 % 31 % 41 % 44 % 50 %
4.6 % 7 % 13 % 17 % 18 % 18 % 10 %
6.0 % 7 % 11 % 13 % 14 % 14 % 5%

These values correspond to the present value of the avoided damages of an imperfect offset divided by the social
cost of carbon (the value of a perfect offset). Values are calculated as a function of different reversal, non-additionality,
and leakage risks (first column) and known permanence (from 10 years to infinity, denoted in the headings of the
second to fifth column). Risk probabilities are offset project risk estimates from the literature. The last column shows
the survival probability of an offset project after fifty years.

Using these calculations, a decision maker can, for example, compare the benefits and costs of
reducing an offset project’s risk. For instance, consider a reforestation offset with 1.4% annual
reversal risks, but no issues with additionality or leakage. Lowering, for example, reversal risks to
0.5% by improving forest-management practices that reduce wildfire risks, increases the value of
this (imperfect) offset from 44% to 70% of a perfect offset. If the benefits of reducing these risks
exceed the costs, then doing so is worthwhile from a societal perspective.

Another important use of these calculations is in designing short-term commitments that may be
easier to monitor than long-term ones. For example, consider removing one ton of carbon with
a known permanence of 50 years, a 1.4% annual risk of reversal, and no issues with additionality
or leakage. According to the calculations above, such an imperfect offset is worth 31% of a
perfect one, meaning roughly three such imperfect offsets are equivalent (in welfare terms) to
one similar—but otherwise permanent—offset. An entity, such as a crediting program, may find
it easier to guarantee this compensation for 50 years for three such offsets than permanently for

0 d.
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one. This short-term contract of multiple imperfect offsets—that are equivalent in climate impacts
to a permanent one—can be an attractive solution to the challenges of ensuring integrity over
the long timeframes involved.'

Implications for Net-Zero Claims and Other Uses of Offsets

A credit buyer’s ability to make offset-based claims (including net-zero or carbon-neutrality claims)
is @ major driver of carbon credit value and carbon market activity. Currently, nearly 76% of the
world’s 2,000 largest publicly traded companies and all but five countries have some form of
emissions-related target. 52 Of these, around 36% of firms and 20% of countries, explicitly use—
or plan to use—carbon credits to meet their goals, and only a limited share clearly exclude them.
These entities specify different emissions targets to which credits can potentially contribute. For
example, 42% of these large firms have “net-zero” targets, 14% have “carbon-neutrality” targets,
and 12% have “emissions-reduction” targets. The exact meaning of these goals has been largely
unregulated, and there is no clear agreed-upon definition of what they entail; their meaning has
also evolved over time. For example, the Intergovernmental Panel on Climate Change (IPCC)
defined carbon neutrality and net zero as the “like-for-like” balancing of anthropogenic carbon
emissions with anthropogenic removals, which implies removed carbon should be stored for a
similar timeframe to the life of emissions in the atmosphere. More recently, in the context of
voluntary targets and claims, entities have incorporated emission reductions to count for carbon-
neutrality claims.® Also, the same target may mean something different for different entities.
For example, some entities with “emissions-reduction targets” do allow carbon credits to count
toward their goals, while others do not.>

Increased scrutiny and skepticism towards credit integrity are prompting some market participants
to move away from using offsets, or to avoid making claims that imply carbon credits can
effectively “cancel out” emissions. For example, after a class-action lawsuit arguing its carbon-
neutrality claims relied mostly on low-integrity credits, Delta Airlines shifted its strategy away
from offsets to focus on direct emission reductions.>® Similar challenges are being brought up
against other companies worldwide, prompting shifts in firms’ emissions-related claims and
actions.* To illustrate, Netflix currently states that it will reduce its emissions by roughly half by
2030 and “match any remaining emissions in support of global net zero goals by investing in
natural climate solutions.” Its 2023 sustainability report presents its Scope 1, 2, and 3 emissions

1 Seeid. at 186-187.

%2 Firms included in this list correspond to the 2000 largest publicly traded firms, as detailed in the Forbes Global
2000 list. See John Lang, et al., supra note 1.

5 Allen et al., supra note 30, at 874 (“In voluntary contexts, carbon neutrality is explicitly defined in the Publicly
Available Specification (PAS) 2060 standard, which does not require that emissions be balanced with removals
and instead allows carbon credits based on avoided emissions."”)

% John Lang, et al., supra note 1. The same end target by different companies can also differ on completion dates,
the scope of emissions they cover, and other factors.

%5 See Patrick Greenfield, Delta Air Lines Faces Lawsuit Over $1bn Carbon Neutrality Claim, THe GuarpiaN (May 30,
2023), https://perma.cc/X5MF-JVMX.

% See Isabella Kaminsky, Rise In Legal Challenges Over Carbon Credit Schemes, THE GuarpiaN (June 25, 2025),
https://perma.cc/TMR6-NS8R; Isabel Sutton, Company Climate Claims in Court: Pending Cases Will Shape Fu-
ture of ‘Net Zero’ Pledges, CLeaN ENErGY WIRE (Sept. 23, 2022), https://perma.cc/A83V-R88X.
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(totaling 843,107 tons CO,e) side-to-side with purchased credits in the same amount but makes
no explicit claim about the credits canceling out the emissions.*’

Some analysts argue that the mismatch between emissions and inherently risky offsets means
net-zero, carbon-neutrality, and similar offset-based claims should be abandoned altogether.
Instead, they propose carbon credits should be framed as “financial contributions” to climate
action, without asserting they “cancel out” a specific number of emissions. This reframing would
emphasize the importance of direct emissions reductions and reduce the use of potentially
misleading offsetting claims, while still preserving incentives to invest in projects that benefit
the climate.® The Voluntary Carbon Market Initiative, an institution providing guidance on
how companies should use carbon credits for their emissions-related goals, provides a similar
recommendation, mostly on the basis of the contentiousness of offset-based claims and the
regulatory uncertainties surrounding them.>’

Regulators have likewise begun to debate the proper approach to offsetting claims. The European
Union has debated legislation related to offset-backed claims, including a proposal to prohibit
companies from making carbon-neutrality claims when relying entirely on offsets. This restriction
would require, for example, firms to disclose their emissions and credits separately, without
stating that their emissions are canceled out, similar to Netflix’s approach described above.
Although the European Union recently halted talks regarding its “Green Claims Directive,” some
market participants (like the VCMI and Netflix) already apply certain principles from the proposal,
perhaps anticipating legal risks related to potentially misleading claims involving offsets.®°

While there may be merit to the proposition of dropping offsetting claims altogether, a few
considerations suggest a more nuanced approach. First, as discussed above, imperfect offsets
can still offer value and may be worth pursuing, as long as their benefits outweigh their costs.
Their value can be estimated using existing valuation frameworks and is directly related to
their impact on emissions. Moreover, removals will likely play an important role in addressing
climate change—alongside emission reductions—especially for hard-to-decarbonize sectors of

7 See Sustainability, NeTFLIX, https://about.netflix.com/en/sustainability (last visited July 30, 2025); NeTrLX, Envi-
RONMENTAL SociAL GOVERNANCE RePORT 13, https://s22.94cdn.com/959853165/files/doc_downloads/2024/6/2023-
Netflix-Environmental-Social-Governance-Report.pdf (last visited July 30, 2025).

% See e.g., Gilles Dufrasne, Scale vs Integrity: The Impossibility of Developing a Large Market of High Quality
Carbon Offsets, CarRBON MARKET WaTcH (Oct. 6, 2022), https://carbonmarketwatch.org/2022/10/06/scale-vs-in-
tegrity-the-impossibility-of-developing-a-large-market-of-high-quality-carbon-offsets/ (last visited July 1, 2025);
Libby Blanchard, William R.L. Anderegg, & Barbara K. Haya, Instead of Carbon Offsets, We Need ‘Contribu-
tions’ to Forests, STANFORD Soc. INNOVATION Rev. (2024); A Guide To Climate Contributions: Taking Responsibility
for Emissions Without Offsetting, New Cumate InsT. (July 5, 2023), https://perma.cc/9MDY-3A3D.

% Patrick Greenfield, Drop Carbon Offsetting-Based Environmental Claims, Companies Urged, THE GUARDIAN,
https://perma.cc/A29C-S2ZY. (When describing these recommendations, VCMI's executive director stated that
claims of carbon neutrality using offsets “were understandably contentious. We've taken them off the table for
now. We will reconsider them. A lot of companies would like to make them as they see it as a differentiator
but it's probably the area that causes most confusion. Of course, there are both lawsuits and emerging bits of
regulation in the UK and EU. It would be foolish to pre-empt any of that.”).

60 Kate Abnett, EU Halts Talks on Law Tackling Companies’ Fake ‘Green’ Claims, Reuters (June 23, 2025)
https://www.reuters.com/sustainability/climate-energy/eu-halts-talks-law-tackling-companies-fake-green-
claims-2025-06-23/ (last visited Aug. 6, 2025).
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the economy. It is therefore important to find ways of communicating the emission impacts of
removal projects and their corresponding value.

Second, simple quantitative indicators can play a useful role when entities set and measure
progress toward climate targets. Net-zero calculations and related indicators help create
incentives for firms to invest in valuable offsetting projects by allowing them to communicate
the impact of their actions to consumers. Overly restricting the types of claims entities can make
when purchasing credits may dampen these incentives.®’ Finally, absolute certainty in removals
may not be a necessary condition for setting and pursuing climate-related goals such as keeping
temperature increases below 1.5°C. Some researchers argue that using carbon-neutrality or net-
zero targets is a policy simplification, because the actual emissions level that is consistent with
no further warming, while “indistinguishable” from zero, may be slightly positive or negative.®? A
useful interpretation in this context is that some degree of uncertainty in the amount of removals
or reductions represented by credits is acceptable—or, for simplification purposes, can be
reasonably overlooked.

Options for Addressing Uncertainty in Offset-Related Claims

The challenge, then, is to develop a framework for metrics and claims that acknowledges
the inherent uncertainty in offset projects and strikes an appropriate balance among several
objectives.

First, claims should remain simple enough to measure and communicate progress toward climate
targets using indicators that reflect the impacts of offsetting. Second, claims based on these
indicators must not be misleading, even in the presence of uncertainty. Third, the framework
should maintain incentives for efficient climate mitigation by encouraging investment in offset
projects with climate benefits that outweigh their implementation (and other external) costs,
even if these projects are imperfect. Fourth, the framework must align with broader climate
goals, such as limiting global warming in line with the Paris Agreement. We provide below two
examples of how market participants could construct such indicators and articulate such claims.

¢t As the Netflix example above illustrates, firms are finding “creative” ways to purchase credits and not
communicating they effectively “cancel-out” emissions. It remains an open question whether, in the long run,
these messages will be valued or not by consumers, stakeholders, and others.

¢ Allen et al., supra note 30, at 877. ("It has become almost an article of faith that achieving net zero CO,
emissions, or net zero CO_-e, emissions, is necessary to meet our climate goals. Although this may be a helpful
simplification for motivating climate policies today, it is not entirely rigorous: The RAZE [rate of adjustment to
zero emissions] is small, but not necessarily zero, and could take either sign. The only thing that can be said with
rigor is that ongoing CO, emissions consistent with no detectable further CO_-induced warming are close to
zero, could be negative or positive, and are at least an order of magnitude smaller than CO, emissions today.
Net zero CO,-e, , emissions in the second half of this century may or may not be required to meet the goals of
the Paris Agreement depending on the mix of LLCFs [long-lived climate forcers] and SLCFs [short-lived climate
forcers] in the emissions scenario.”)



Uncertainty Thresholds

One avenue forward is for stakeholders to adopt formal agreements on what level of uncertainty
is acceptable for making a claim implying the canceling-out of emissions (such as carbon neutrality
or net zero). These agreements could define, for instance, a probability distribution that qualifies
an offset’s removals or reductions as “sufficiently” permanent to support a carbon-neutrality
claim. Using the market’s current terminology, this definition would be equivalent to setting
an uncertainty threshold for qualifying a credit’s integrity as “high enough” or an uncertainty
threshold for “guaranteeing” a credit’s integrity, such that it can be used for a carbon-neutrality
or net-zero claim. To illustrate, stakeholders might determine that a yearly 5% risk of reversal,
non-additionality, or leakage is acceptable for treating a credit as a valid offset to a ton of
emissions. High-quality assessments of project risks would be necessary for such an approach.

While challenging, this process would have some parallels to the Intergovernmental Panel on
Climate Change’s (IPCC) guidance for defining and communicating confidence levels for future
climate estimates. That guidance, for example, defines a 90-100% probability of an outcome
as "very likely, or a 99-100% probability as “virtually certain.” In the case of carbon-neutrality
claims, the agreements would also imply deciding on whether a “very likely” or “virtually
certain” permanent removal can be communicated as matching the timeframes of emissions
in the atmosphere, and as such, be considered a valid offset to counteract emissions that have
already occurred.®®

This approach would not capture the value of all imperfect projects, but it would acknowledge
the value of some. In contrast, a rigid insistence on guaranteed integrity—effectively requiring
zero risk—would exclude any offset with a risk above 0%. By comparison, a 5% threshold would
allow market participants to consider imperfect offsets with risks below that level. Naturally, the
appropriate threshold should be a matter of more research and discussion. A starting point for
setting the threshold could be the level of uncertainty regarding the level of emissions that is
consistent with no additional warming, as outlined above.*

The main advantage of this alternative is that it facilitates the use of relatively simple claims—
such as carbon neutrality and net zero—while incorporating at least some of the associated risks.
By better incorporating risks while preserving the basis for making physically based claims about
emissions impacts, this approach would also improve the accuracy of offsetting claims relative
to the status quo.

¢ Michael D. Mastrandrea et al., Guidance Note for Lead Authors of the IPCC Fifth Assessment Report on
Consistent Treatment of Uncertainties, INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 3 (2010). Another example with
parallels to the net-zero offset agreements is the current “consensus” in the statistics/economics community
that 95% confidence intervals define statistical significance. This consensus, while widely used, has drawn
substantial criticism for, among other reasons, being arbitrary and for reducing continuous uncertainty into a
binary decision. See, e.g., Lakshmi Narayana Yaddanapudi, The American Statistical Association Statement on
P-Values Explained, 32 J. AnaesTHESIOL CLINICAL PHARMACOLOGY 421 (2016).

6 See Allen et al., supra note 30, at 877. Using a threshold that allows too much uncertainty could limit this
approach’s alignment with Paris Agreement goals.



Reaching such agreements would likely be challenging, as their validity would depend on
establishing broad support. Moreover, this approach would depend on high-quality risk
assessments, which are also challenging. Overall, this effort is more likely to succeed if it is led
by a credible institution that does not have significant conflicts of interest related to carbon
markets.

Equivalence in Social Welfare Terms

Another option is for market participants to base claims on the present value of avoided damages
from emissions removals or reductions. Using the integrated equivalence framework outlined
above—which estimates the present value of imperfect offsets relative to the social cost of
carbon—claims could reflect the social benefits of avoided warming and damages. For example,
if an imperfect offset is estimated to be worth 10% of a perfect offset, one could claim to “fully
offset the damages” of one ton of emissions by purchasing 10 of the imperfect credits. Claims
could also be expressed in monetary terms: if the social cost of carbon is $200, then buying 5 of
those credits would offset $100 worth of damages.

This approach has some advantages over the uncertainty threshold outlined above. First, an
uncertainty threshold would automatically exclude projects below the threshold. Applying an
equivalence framework based on the present value of avoided damages allows for a complete
evaluation of all projects as a function of their risks, with a projects’ benefits and costs fully
integrated into its evaluation. This method could allow for a greater amount of efficient investment
in a wider range of projects.

Second, this framework does not require agreement on any particular timeframe for permanence.
As explained above, ton-year accounting requires establishing such a timeframe. In contrast, a
framework based on the present value of avoided damages internalizes imperfect project’s risks
through discounting.

This framework also presents challenges, such as establishing high-quality risk assessments, a
discounting rate (or schedule), and the social cost of carbon, all of which influence the value of
imperfect offsets.®®> While the uncertainty surrounding these parameters is non-negligible, it can
be appropriately accounted for using existing research.%

¢ See Groom & Venmans, supra note 20, at 194-200.

¢  See, e.g., Kenneth J. Arrow et al., Should Governments Use a Declining Discount Rate in Project Analysis?, 8
Rev. oF ENV'T Econ. Pol’y 145 (2014); Derek Lemoine, The Climate Risk Premium: How Uncertainty Affects the
Social Cost of Carbon, 8 J. oF THE Ass'N oF ENV'T AND REs. EconowmisTs 27 (2021).

(20



5. Conclusions

hese recommendations do not fully address the broader challenges facing carbon markets.

Most importantly, they do not resolve fundamental market failures that, for example, create
incentives for participants to misrepresent project characteristics and risks that result in low-
integrity credits.

But acknowledging risks and the varying value of imperfect offsets, as discussed here, could
guide regulators and market participants toward greater transparency and efficiency, helping to
configure markets that facilitate real progress.

Ultimately, the key issue is not that offset projects are risky. The issue is that carbon markets, in
their current form, do not transparently communicate these risks nor provide means to properly
assess and value them, and carbon-neutrality and net-zero claims do not represent the uncertain
nature of offsets. Carbon markets should avoid letting the perfect be the enemy of the good,
but they also should not allow the imperfect to appear perfect.
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