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Executive Summary

A central principle of high-integrity carbon markets is that credited greenhouse gas (GHG) emission
reductions or removals must be permanent, i.e. not reversed over time. The term “reversal” is used
if a store of greenhouse gases (GHGs) resulting from previous emission reductions or removals
is released into the atmosphere, destroying the climate change mitigation benefit that had previ-
ously been credited. Ongoing efforts to rebuild trust in carbon credit markets lost due to high-pro-
file failures of the Clean Development Mechanism under the Kyoto Protocol and voluntary carbon
market (VCM) could be jeopardised if reversals are not properly addressed, resulting in credits
not representing the stated mitigation benefits. This challenge is compounded by significant
trade-offs between interests of different stakeholder groups, where researchers and NGOs call
for prevention of reversals over very long periods, mitigation activity developers want to limit trans-
action costs and monitoring periods/liability, and government regulators and carbon market pro-
gramme administrators seek manageable procedures. Thus, the challenge lies in developing prag-
matic approaches to address reversal risks that deliver environmental integrity and sustain

trust without being prohibitive.

Under the Paris Agreement Crediting Mechanism (PACM), reversals are categorised as avoida-
ble (intentional) or unavoidable (unintentional), a distinction that determines liability and the type
of compensation mechanisms triggered. There is an ongoing debate between supporters of the
concepts of Ypermanence” (a binary threshold of how long a GHG store needs to be sustained)
and “durability” (the duration for which a store actually has been sustained without reversal).
Temporary storage has a value if climate change damages increase with the rate of change, or
if we can “buy time” to prevent crossing of “tipping points”, provided this time is used to develop

widely applicable, permanent storage solutions.

Research shows that reversal risks are activity-specific and regionally variable. Biospheric car-
bon storage in, e.g., forests, soils, or wetlands, is generally more likely to be reversed than geo-
spheric carbon storage (GCS) in sub surface reservoirs or achieved through mineralisation. There is
thus a trade-off between mitigation costs and durability of key mitigation activity types. Risk
profiles differ even within the same activity type depending on geography, plant species compo-
sition (for living biospheric pools), local climate, and storage management. The science-based

framework developed in this report differentiates risks at carbon pool and activity type level.

Across the government regulations under the carbon offsetting reduction scheme (for international
aviation (CORSIA), the UK emissions trading scheme (ETS), the EU carbon removal and carbon farm-
ing (CRCF), the PACM and the administrations of major private carbon crediting programmes and

the Integrity Council for the Voluntary Carbon Market (ICVCM) trying to provide minimum quality
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guidelines for the voluntary carbon market, a common architecture is emerging around four pil-

lars: (1) explicit reversal risk assessment; (2) minimum durations for monitoring and compensa-

tion periods; (3) buffer pool mechanisms; and (4) clear liability allocation. However, significant

divergence remains in practice, as shown in Table 1 below.

Table 1: Permanence and reversal risk approaches

Framework / Storage duration Minimum monitoring & com- Key approach to address
Programme pensation period reversal risk
UK ETS Green- 200-year minimum  Geological carbon storage Buffer pools; liability rules (in
house Gas Re- storage period (GCS): monitoring during injec- development)
moval (GGR) tion and post-injection until neg-

ligible risk demonstrated (aver-

age 45-50 years before liability

transfer)
EU CRCF 200-year reference GCS: monitoring during injection  Collective buffer or insur-

ICVCM (CCPs)

CORSIA

PACM (Article
6.4)

Private pro-
grammes (e.g.
Verra Verified
Carbon Stand-
ard, American
Climate Regis-
try, Climate-
Action Reserve)

(permanent remov-
als); 40 years for af-
forestation; none
for peatland re-
wetting (Temporary
crediting (carbon
farming)

Applies to activity
types with a mate-
rial risk of reversal.
Minimum 40 years
for agriculture, for-
estry and land use
(AFOLU) activities
Project activity spe-
cific. Minimum 20
years.

Project activity spe-
cific

Ranges from 40-100
years for AFOLU
and to 1000+ for
GCS

and post-injection until negligible
risk demonstrated (average 45-50
years before liability transfer)
Biochar: monitoring stops when
end use starts (very short moni-
toring periods)

>40 years from first crediting pe-
riod (material reversal risk activi-
ties)

>20 years as lower bound; longer
for AFOLU, to be changed to 40
years from 2027.
Methodology-specific; PCM pe-
riod until negligible risk demon-
strated

40-100 years for AFOLU; shorter
for GCS

ance
Direct cancellation as last
resort

Pooled buffer (220%); peri-
odic stress testing planned.
Cessation of monitoring be-
fore 40 years is counted as
an avoidable reversal.

Programme-level buffer
pools and eligibility criteria

Buffer pool (all activities); in-
surance/guarantees permit-
ted; stress tests every 3 years
Activity-specific buffer pool
contributions (risk-rated)
aggregated in global pool

The result is a patchwork of requirements in which nominally 'permanent' credits are of highly

different quality regarding guaranteed storage time and protection against reversal risks.

These frameworks can be complex to navigate for those seeking to generate high integrity credits,
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and could create a perverse incentive for mitigation activity developers to “shop around” for the

least demanding interpretation of permanence. Key divergences include:

¢ Variation of buffer pool contribution rates for the same activity differing between pro-
grammes.

¢ How temporary or non-permanent storage is accommodated. The EU CRCF is the only
programme using temporary crediting which is of high integrity but where there is a lack
of demand from credit buyers

« Differing stringency of rules across different scales of crediting. ICVCM applies less strin-
gent requirements to jurisdictional REDD+ than project-level activities, on the grounds that
government management enables coordinated deforestation control, reduces activity shift-
ing, and aligns outcomes with national climate commitments. . This however depends on
whether there is good governance. In cases of bad governance, it may be the case that
jurisdictional REDD+ achieves lower permanence than a well-managed project. No studies
have been published yet that validate the assumption of a general superiority of jurisdic-

tional approaches.

Achieving a common level of alignment regarding risk assessment, buffer pool design, and
minimum monitoring periods across CORSIA, PACM, government level regulation (UK, EU) and
private carbon crediting programmes would be necessary in order to avoid a potential “race to the

bottom” by activity developers.

Reversal risk assessments must be differentiated by reservoir (biosphere, geosphere, hydro-
sphere) and activity type. Because reversal drivers, timescales, and monitoring needs differ funda-
mentally across reservoirs and activity types, an undifferentiated approach systematically misesti-

mates reversal risk and undermines the environmental integrity of the resulting credits

The PACM's Methodological Expert Panel (MEP) is currently developing a dedicated reversal risk
assessment tool (discussed at MEP 11 and MEP 12, with finalisation during 2026. The tool covers i)
Common financial, management and social risks; ii) Additional reversal risks for forest carbon stor-

age (biosphere), geological carbon storage (geosphere) and biochar.

Current reversal risk assessment tools for biospheric carbon pools are often weakly grounded
in empirical evidence. However, good practices emerging from the comparative analysis of major
private carbon market programmes (ACR, ART TREES, CAR, Gold Standard, Verra VCS) include:

e Structuring risk around likelihood x magnitude x spatial scale, with 100-year time horizons



Managing reversal risk: Assessment, mitigation and compensation IIBI'SIIEI:““BS‘/ﬁ
climate research

e Using publicly accessible, spatially standardised datasets (e.g. wildfire probability models,
flood exposure layers, drought indices, landslide susceptibility maps)

¢ Requiring climate change amplification factors

¢ Linking risk mitigation measures (e.g. prescribed burning, fuel breaks) to verified, quanti-
fied risk reductions

¢ Probabilistic rather than single-point risk estimation, given stochastic disturbance re-

gimes

Scientific evidence indicates current buffer pool contributions underestimate reversal risks for
above ground biomass, especially those related to rising wildfire risks driven by climate change with
wide agreement in the literature that these have already multiplied by two in the last 30 years and
likely torise rapidly in the future. For example, California's forest offset buffer pool has already proven
to be undercapitalised despite only slightly more than a decade of operation. The global Verra buffer

pool remains well capitalised for the time being.

Geospheric carbon storage (DACCS, BECCS, mineralisation, enhanced rock weathering (ERW))
generally carries lower reversal risk than biospheric storage. That said some reversal risks remain,

and key risk factors include:

e For CO; storage in geological formations (saline aquifers, depleted hydrocarbon reservoirs):
the dominant risks are well integrity failure and caprock fracture. Reversal rates decline
over time as CO, becomes immobilised through self-correcting trapping processes.

¢ For mineralisation (in-situ in mafic rocks, ex-situ in concrete, enhanced rock weathering
(ERW)): reversal risks are generally very low once mineralisation is complete; key risks are
high temperatures and low pH. ERW carries the highest uncertainty and monitoring diffi-

culty.

Pre-emptive measures to reduce the risks include careful site selection, detailed geological model-
ling, well integrity management, regulatory oversight, secured site closure funding and liability

transfer.

Interest in insurance as a complementary or alternative mechanism to buffer pools is growing.
A small ecosystem of specialised insurers (CarbonPool, Kita, Oka, Cfc, Howden, WTW, AON) now of-
fers products covering reversal risk, delivery risk, cancellation, and buffer depletion. Verra is
running a three-year durability insurance pilot which was launched in December 2025. Whilst in-
terest is growing and promising pilots have begun, presently the sector remains nascent and struc-

turally limited due to the following barriers:
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¢ Insurance contracts are typically 1-3 years (annually renewed), far shorter than the 40-100-
year permanence horizons required by leading frameworks

¢ Insurers cannot credibly guarantee coverage over multi-decadal periods under current
capital and actuarial constraints.

¢ Premium affordability is a persistent challenge, especially for smaller or high-risk projects;
climate change may make some regions effectively uninsurable over time

¢ Adverse selection risk: low-risk projects may exit buffer pools for cheaper insurance while

buffer pools are exhausted by high-risk projects.

To best incentivise innovation from the insurance sector and address the aforementioned barriers
whilst safeguarding environmental integrity carbon crediting programmes and regulators should
integrate insurance into rules co-developed with insurers, avoid overly prescriptive criteria in-
compatible with insurance regulation, and gradually expand eligible tools (buffer-plus-insurance,
permanence funds) within clear guardrails. When developing these rules, regulatory frameworks
could require continuous coverage as a condition of credit issuance, providing a practical pathway
to address the short policy duration barrier without requiring insurers to commit to single muilti-
decadal contracts. There is an emerging consensus on hybrid architectures, combining insurance
for specific, short-term, unavoidable risks with buffer pools and government guarantees for long tail
and systemic risks. Such an approach may be the most feasible path forward, keeping the insured
scope narrow and premiums more manageable, particularly for smaller or high-risk projects. Insur-
ance must not weaken or undermine other incentives for reversal prevention and remediation:
carve-outs for avoidable reversals, deductibles, and clear trigger definitions are emerging as essen-
tial safeguards to ensure coverage does not inadvertently reward negligence. A well-structured in-
surance market could deliver a system for addressing reversal risk that is more precise, more equi-
table, and more financially efficient than buffer pools alone, with risk priced according to actual pro-

ject-level exposure rather than programme-wide averages.

The EU Carbon Removal and Carbon Farming Framework (CRCF) which is likely to become the
key crediting approach for removals within the EU establishes differentiated permanence re-

quirements for:

¢ Permanent carbon removals (DACCS, BioCCS), which rely on the CCS Directive, with robust
monitoring and operator liability, but significant leeway for member state authorities.

e Biochar which is classified having low reversal risk with no buffer pool contribution and mon-
itoring ending at point of application. This approach is criticised by NGOs and researchers as
insufficiently rigorous, given that soil type, temperature and management can significantly
affect biochar stability

VI
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e Carbon farming (peatlands, afforestation, soils) which applies temporary crediting with
credits expiring at the end of the monitoring period. The risk assessment framework is a bi-
nary hazard-vulnerability model that omits political, financial and management risks, lacks
empirical validation for mitigation measure discount factors and uses coarse spatial data

that may miss local variation.

Overlaps with other policy instruments regarding liabilities that lead to double or even triple cov-
erage need to be addressed. Currently the CRCF is not aligned with ICVCM, CORSIA or the PACM,
and its rules would need to be strengthened to enable such alignment in the future. Governments
and decision makers should use their leadership in the Coalition to Grow Carbon Markets to
spearhead high integrity approaches developed in this framework, particularly to ensure that
buffer pools duly consider growing climate change impacts on the biosphere, for example
through regular stress tests. Under the PACM, governments should finance development of com-
ponents of PACM methodology submissions that reflect the reversal risk framework as well as
publicly available hazard, biomass and SOC datasets and geological risk characterisation tools.
Regarding both PACM and the VCM, governments should convene insurance providers, carbon
market programme administrators and regulators to develop insurance and hybrid approaches
to address reversal risks.

VII
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1. Introduction

Efforts to rebuild trust in carbon credit markets after the failures of the Clean Development Mecha-
nism ((Michaelowa, Shishlov and Brescia, 2019)) and the voluntary carbon market (VCM) ((Probst et
al., 2024) have made substantial progress since 2024. The development of stringent rules under Ar-
ticle 6.4 as well as the Integrity Council for the Voluntary Carbon Market (ICVCM) have not only put
environmental integrity on the very top of the agenda - they have also started to lead to a conver-
gence regarding what is deemed as sufficient integrity and what is not. Still, discussions between
different stakeholders regarding the interpretation of environmental integrity are continuing.

A key principle for building and maintaining trust in carbon markets is to ensure that carbon credits

are real, additional and permanent. Minimising the risk of non-permanence of GHG stored is

therefore a key principle in carbon markets.

1.1. (Non-) Permanence and durability
Non-permanence refers to the occurrence that GHG emission reductions or removals credited to a
mitigation activity are later reversed (e.g. the loss of carbon stored in a forest due to a wildfire or
deforestation), such that the associated climate benefit is not sustained over a period meaningful
for climate change mitigation (ICVCM, 2025). A reversal may occur at any point during or after the
implementation of the mitigation activity. Reversals need to be effectively addressed to uphold trust
in the carbon markets. Given trade-offs between interests of different stakeholder groups, the criti-
cal issue is whether pragmatic approaches can be developed to address reversal risks in a way
that delivers environmental integrity and sustains trust without being prohibitive for activity

types with high mitigation potential and significant sustainable development co-benefits.

Reversals are usually categorised through the distinction between avoidable (intentional) and un-
avoidable (unintentional) reversals, e.g. under the Paris Agreement Crediting Mechanism (PACM)
(UNFCCC, 2025b). This categorisation determines who bears responsibility and how compensation

mechanisms (e.g., buffer pools or insurance policies) are triggered.
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Figure 1: PACM distinction of reversals (Authors based on UNFCCC, 2025a)

The terms permanence and durability remain contested. Permanence establishes a binary norma-
tive threshold (often set at 100 years, but also up to millennia, see Fig. 2 below), and could be argued
to be more a political rather than scientific choice (Haya et al., 2023). Setting such a threshold
carries trade-offs: A high threshold disadvantages shorter-term storage, despite its value in slowing
the rate of warming ((Streck et al., 2025a) see discussion in Box Al in the Annex); a low threshold

risks overstating mitigation benefits.

Some practitioners advocate replacing the binary permanence concept with the more flexible no-
tion of durability, wanting to recognise shorter-term storage benefits and to reduce liability bur-
dens (Hunnable et al., 2024, IETA, 2025; Streck et al., 2025a). This has led to debate over the term'’s
usefulness. The IPCC treats durability as a physical continuum (IPCC, 2023), while SBTi defines it as
the “timeframe over which carbon storage is reliably maintained” (SBTi, 2025). If this term is applied
in the context of permanence for international carbon markets, it would enable to at least partially

consider mitigation that is reversed before a permanence threshold is reached.
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Figure 2: Different definitions of permanence (Arcusa and Lackner, 2025)

1.2.Reversal risk levels
Mitigation activity types are associated with differing levels of reversal risk. On the one hand, activi-
ties that do not rely on the storage of GHGs and therefore do not face the possibility of future rever-
sals (i.e. replacement of fossil fuels by renewable energy, or destruction of industrial gases or me-
thane) result in permanent emission reductions. On the other hand, many activities rely on storing
CO,". According to the Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate
Change (IPCC), the durability of carbon storage depends fundamentally on the storage medium
(IPCC, 2023): Carbon stored in vegetation and soils is typically the least durable, as it is suscepti-
ble to reversals due to human activities and natural disturbances (Haya et al., 2023; IPCC, 2023). Stor-
age in more stable forms, such as biochar in soils or incorporation into materials like concrete, is
generally more durable, and storage in geological formations offers potential for near-perma-
nent sequestration. While this generalisation can be applied as a rule of thumb, the permanence
of an activity depends on its non-permanence risk assessment and pre-emptive mitigation of the

identified risks being case specific.

' Carbon dioxide (CO,) is usually stored as solid carbon; we thus speak of “carbon storage” in the
remainder of this study. Given that storage of other GHGs than CO; is currently not technologically
mature it is not specifically addressed in this study.
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1.3.How are reversal risks currently addressed?
Most carbon crediting programmes require (some or all of) the following components for ensuring
permanence and addressing reversal risks (FAO, 2024; Hunnable et al.,, 2024; Michaelowa et al.,
2025).

1. Reversal risk assessment: Activity participants must quantify reversal risks for specific
(groups of) mitigation activity types, often guided by programme-specific tools or method-
ologies and yielding a risk score.

2. Risk mitigation measures: To lower the risk score, activity participants must implement risk
mitigation measures, often outlined in a plan or report. Some programmes permit activities
only if the risk score has been lowered below a specified threshold.

3. Determination of scale and applicability of compensation mechanism requirement: All
programmes reviewed in this study apply compensation mechanism(s), the scale of which

is usually informed by the reversal risk assessment.

I Compensation mechanism requirements: Most programmes set aside a share of is-
sued credits ex-ante to feed buffer pools or reserve accounts. A reversal triggers
cancellation of an equivalent number of credits as compensation. Other compensa-
tion approaches include insurance instruments (discussed in Chapter 4), tonne-year

accounting and temporary crediting (see also
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Il. Box A2: Is there a value in temporary storage?

There is a vivid academic debate whether storage with low durability has a value in addressing
climate change or not. There are two conceptual arguments why such a value exists: reducing
the rate of climate change (e.g. the temperature increase per decade) reduces climate
change damages and preventing that temperature exceeds tipping points that lead to irre-
versible and large climate change impacts.

The first argument is intuitively appealing. A rapid temperature increase, and the impacts linked
to it leave less time to adapt and thus generate higher adaptation costs. A slow rate of change
allows autonomous adaptation, whereas a high rate of change requires planning and generates
more “surprises” regarding impacts. There is evidence that the rate of temperature increase has
accelerated significantly in the last decade (Foster and Rahmstorf, 2026), and that the frequency
and severity of climate change-related events causing damages has increased as well (World Me-
teorological Organization (WMOQO), 2026). However, this topic has been researched to a very limited
extent. (Pinsky et al., 2025) and (Visser, 2008) find that impacts of climate change on biodiversity
are positively related to the rate of change. More research is needed to calculate the benefits

of reducing the rate of temperature increase.

There is a scientific consensus that several temperature-increase-related “tipping points” exist
where specific climate change impacts become irreversible. (Lenton et al.,, 2025) summarise cur-
rent knowledge on tipping points and find that we may already have exceeded the temperature
levels that trigger general coral reef dieback, whereas we are getting close to the temperature
triggering collapse of land permafrost, the Greenland ice sheet, the West Antarctic ice sheet and
the Southern Ocean sub-polar gyre. In that context, high volumes of temporary storage could
“buy time” to keep us from crossing the tipping points. During this time, permanent storage
technologies could be developed to the extent that they would be available at a scale large
enough to ensure the tipping points are never crossed. Countries could point to temporary stor-
age in their NDC, buying time until future, permanent CDR becomes available at attractive con-
ditions (Beyer, 2025). But if the time is not used wisely and we get into a situation where massive
reversals happen without alternative mitigation being available, then temperature increase
would accelerate, and we would exceed multiple tipping points very quickly. Therefore, research
is needed to assess the conditions under which temporary storage could successfully “buy time”,

including the policy instruments required.

An approach that attributes value to the temporary storage for each year of effective storage

is the so-called “tonne year” approach, explained in Box 3 below. Many researchers continue to
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emphasise that temporary storage does not contribute to limiting cumulative emissions, which
is necessary to meet the Paris Agreement’s temperature goal and thus the value of temporary
storage cannot be equivalent to an emissions reduction (the effect of which is inherently per-
manent; Brander and Broekhoff, 2023; Cullenward, 2023; Watson and Bui, 2026).

4. And Box A3: Alternative approaches to addressing non-permanence).

5. Reversal risk monitoring, reporting and compensation period: Activity participants must
monitor and report reversal events during the crediting period and beyond. Monitoring fre-
guencies, post-crediting monitoring periods, and compensation periods vary across pro-
grammes and are not always aligned with one another. Non-compliance is often sanctioned,
e.g. by cancelling credits from periods without proper reporting.

6. Reversal notification, report and consequences: In case of a reversal event, activity partic-
ipants must notify the programme and often prepare a full report on the event. Further con-
sequences may include freezing the project registry account or suspending activity-related
operations (e.g., issuance).

7. Compensation for reversals: Some programmes restrict the use of compensation mecha-
nisms to unavoidable reversals and require activity participants to cancel a corresponding
number of credits if avoidable reversals occur. Explicit quality criteria may be specified for
the cancelled credits, often applying the like-to-like principle (see Box A4).

8. Review of compensation mechanism performance: Some programmes review the perfor-
mance of the buffer pool on a regular basis. Others incorporate stress testing to ensure that

the pool is sufficiently replenished.

Chapter 2 of this report provides a further detailed assessment of requirements.

1.4.Aim of this report
While most programmes incorporate a set of similar components to address reversal risks, specific
rules, approaches and details remain heterogeneous across programmes. This leads to market frag-
mentation and varying carbon credit quality. This report aims to develop recommendations for ad-
dressing reversals based on high-integrity procedures rooted in scientific evidence, building on an
analysis of current programmes and pool-specific reversal risks. It specifically targets the Article 6.4
SB, national and regional regulators and private carbon market actors. Chapter 2 of the report pro-
vides an overview of current permanence requirements in carbon crediting programmes. Chapter
3 explores the science behind reversal risk approaches for different carbon pools, while insurance as

a tool to address reversal risks are discussed in Chapter 4. Chapter 5 takes a closer look at
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permanence requirements in the EU, before the report closes with an overarching discussion

(Chapter 6) and recommendations (Chapter 7).
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2. Overview of permanence requirements

This chapter provides a detailed overview of permanence requirements across different schemes,

initiatives and carbon crediting programmes. Across government regulations under the Carbon Off-

setting and Reduction Scheme for International Aviation (CORSIA), the UK Emissions Trading

Scheme (ETS), the EU Carbon Removal and Carbon Farming (CRCF) Framework, and the Paris

Agreement Crediting Mechanism (PACM) and the administrations of major private carbon crediting

programmes and the Integrity Council for the Voluntary Carbon Market (ICVCM]) initiative trying to

provide minimum quality guidelines for the voluntary carbon market, a common architecture is

emerging around four pillars: (1) explicit reversal risk assessment; (2) minimum durations for

monitoring and compensation periods; (3) buffer pool mechanisms; and (4) clear liability alloca-

tion. However, significant divergence remains in practice, as shown in Table 2 below.

Table 2: Permanence and reversal risk approaches (repeated from Executive Summary)

Framework /
Programme

Storage duration

Minimum monitoring & com-
pensation period

Key approach to address
reversal risk

PACM (Article
6.4)

CORSIA

ICVCM (CCPs)

Private pro-
grammes (e.g.
Verra VCS, ACR,
CAR)

UK ETS GGR

EU CRCF

Project activity spe-
cific

Project activity spe-
cific. Minimum 20
years.

Applies to activity
types with a mate-
rial risk of reversal.
Minimum 40 years
for AFOLU activities
Ranges from 40-100
years for AFOLU
and to 1000+ for
GCS

200-year minimum
storage period

200-year reference
(permanent remov-
als); 40 years for af-
forestation; none
for peatland re-
wetting (Temporary
crediting (carbon
farming)

Methodology-specific; PCM pe-
riod until negligible risk demon-
strated

>20 years as lower bound; longer
for AFOLU, to be changed to 40
years from 2027.

>40 years from first crediting pe-
riod (material reversal risk activi-
ties)

40-100 years for AFOLU; shorter
for GCS

Geological Carbon storage
(GCS): monitoring during injec-
tion and post-injection until neg-
ligible risk demonstrated (aver-
age 45-50 years before liability
transfer)

GCS: monitoring during injection
and post-injection until negligible
risk demonstrated (average 45-50
years before liability transfer)
Biochar: monitoring stops when
end use starts (very short moni-
toring periods)

Buffer pool (all activities); in-
surance/guarantees permit-
ted; stress tests every 3 years
Programme-level buffer
pools and eligibility criteria

Pooled buffer (220%); peri-
odic stress testing planned.
Cessation of monitoring be-
fore 40 years is counted as
an avoidable reversal.
Activity-specific buffer pool
contributions (risk-rated)
aggregated in global pool

Buffer pools; liability rules (in
development)

Collective buffer or insur-
ance

Direct cancellation as last
resort
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2.1.Article 6.2 requirements
Under Article 6.2 of the Paris Agreement, Parties agreed on key principles governing market-based
cooperation. Decision 2/CMA.3 requires that, for each cooperative approach, Parties must minimise
the risk of non-permanence of mitigation outcomes across multiple NDC implementation periods
and ensure that any reversals are fully addressed (UNFCCC, 2022). The responsibility for operation-
alising this requirement rests with cooperating Parties. An Article 6.2 cooperative approach may
draw on existing methodologies — such as those developed by private programmes or the PACM -

or adopt newly developed or adapted methodological approaches.

2.2. Article 6.4 (PACM) requirements
Compared to the accounting and reporting framework established under Article 6.2, the crediting
mechanism under Article 6.4 was mandated to develop detailed rules for minimising non-perma-
nence. The crediting mechanism was established by Parties to the Paris Agreement and is overseen
by an international governance body, the so-called Supervisory Body of the Article 6.4 mechanism
(SBM). Eventually, in October 2025, the SBM adopted the Standard Addressing non-permanence
and reversals in mechanism methodologies (Non-Permanence Standard) and the associated Infor-
mation Note Elements related to on-permanence and reversals for inclusion in relevant regulatory
documents (Information note).To this end, the SBM first worked on the Standard on Removals?
which outlines higher-level requirements. The standard outlines requirements for monitoring, re-
porting, post-crediting period monitoring and reporting, accounting for removals, crediting period
renewal, addressing reversal including reversal risk assessment and compensation, avoidance of
leakage as well as avoidance of other negative environmental and social impacts (UNFCCC, 2024).
Adopted in October 2024, the standard provided the basis for the further operationalisation of de-

tailed requirements.

In Table 3 we first provide a comprehensive overview of non-permanence requirements of private
programmes before Table 4 outlines the PACM-specific requirements that have been agreed upon
to date.

2.3. CORSIA
Under the Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) of the In-
ternational Civil Aviation Organization (ICAO), carbon credits eligible for the use toward offsetting

obligations must meet a set of integrity assessment criteria, including the criterion that credits must

2 A6.4-STAN-METH-002: Standard — Requirements for activities involving removals under the Article 6.4 mech-
anism
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represent permanent emission reductions, avoidance or carbon sequestration (ICAO, 2019). The
document on eligibility criteria further specifies that if there is a reversal risk, the respective carbon
credits are not eligible or mitigation measures are introduced to monitor, mitigate and compensate
“any material incidence of non-permanence” (ICAO, 2019). The definition of material incidence is
not further explained though. The associated Guidelines for Criteria Interpretation provide more
information on the concrete permanence requirements (ICAQ, 2025c). Specifically, the carbon cred-

iting programmes should:

In addition to these documents, the scheme’s Technical Advisory Body (TAB) has further clarified its
interpretation of the eligibility criteria in November 2025 (see ICAO, 2025a). The document repre-
sents a compilation of TAB reports to the ICAO Council on credit eligibility over the years. In this
compilation (ICAO, 2025a):

e The TAB considered the monitoring and compensation periods for reversals in some pro-
grammes' procedures to be insufficiently robust (e.g., limited to five or ten years). Its recom-
mendation, therefore, was to require these programmes to revise their procedures so that
the periods last at least 20 years.

¢ While recognising that another programme’s oversight body (PACM'’s SBM) has prohibited
tonne-year accounting to address reversal risks under the PACM, despite persistent con-
cerns within the scientific community, the TAB nevertheless concluded in January 2024 that
tonne-year accounting could be considered eligible as part of a multi-pronged approach and
assessed as a package. Since then, the TAB has not addressed the issue further. (See also Box
A3: Alternative approaches to addressing non-permanence).

¢ The TAB derives some best practices for the full compensation of reversals, such as:

o Providing reversal risk assessment tools/guidance at the programme level and not
only at the methodology level.

o Reversal risk assessments to systematically identify all material risk factors and to
quantify their scale and likelihood. For each identified risk factor, appropriate mitiga-
tion measures and monitoring are required. The assessment results are then com-
bined into an activity-specific aggregated risk rating, which is periodically reviewed
and updated at defined intervals using monitoring data. Monitoring arrangements,
including the scope, frequency, and duration are calibrated to reflect the materiality
of the underlying reversal risk.

o Data generated from reversal risk assessments and monitoring is independently re-
viewed, and the outcomes are used to determine each activity's corresponding con-

tribution to the buffer pool or reserve account.

10
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o Larger reserves and pools covering various activity types, proponents and geogra-
phies are better equipped to manage higher risks.
o Requirements should be in place for the programme to cover any reversal(s) that ex-
ceed the buffer pool or reserve account holdings.
¢ TheTAB outlined that measures to address non-permanence should be proportionate to the
inherent materiality of reversal risks, which depends on the activity type and storage site.
It considered the reversal management timeframes to be most relevant for Agriculture, For-
estry, and Other Land Use (AFOLU) removals, while noting that engineered Carbon Dioxide
Removal (CDR) and biochar activities generally require shorter timeframes. Therefore, it con-
cluded that programme procedures may reasonably require reversal management and
monitoring for engineered CDR and biochar activities until any residual reversal risk and
environmental or social risks are demonstrably negligible. However, the TAB did not engage

in any definition of what constitutes “negligible” risk.

Noting that the decision on programme and credit eligibility is in the end taken by the ICAO Council,
the TAB's interpretations and recommendations provide an important direction for programmes
seeking CORSIA eligibility. For the scheme’s first phase from 2024-2026, the following carbon cred-
iting programmes were found eligible: American Carbon Registry (ACR), Architecture for REDD+3
Transactions (ART), Climate Action Reserve (CAR), Global Carbon Council, Gold Standard, Isometric,
Thailand Voluntary Emission Reduction Programme and Verra's Verified Carbon Standard (VCS) and
Jurisdictional Nested REDD Programme (ICAO, 2025b). However, programme-specific exclusions
were also specified in the document CORSIA Eligible Emissions Units. So, even if the programme
was found eligible, it can still be that credits generated from specific underlying activity types are
excluded. For example, in ACR's case credits from certain LULUCF activities are excluded (ICAQO,
2025b). Also, some programmes such as the BioCarbon Fund Initiative for Sustainable Forest Land-
scapes, Cercarbono and the Forest Carbon Partnership Facility (FCPF) were found conditionally eli-
gible, requiring further adjustments (e.g., provisions conferring liability on activity proponents to
monitor, mitigate and respond to reversals, stricter procedures for avoidance of double counting)
by the programmes (ICAO, 2025b).

For CORSIA’'s second compliance period covering the period from 2027 to 2029, so far ACR, ART,
Gold Standard and Verra's VCS and Jurisdictional Nested REDD Programme are accepted.

3 REDD+: Reducing emission from deforestation and forest degradation in developing countries. Thereby, +
represents additional forest-related activities such as sustainable forest management and conservation of for-
est stocks

n
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2.4, ICVCM
The Integrity Council for the Voluntary Carbon Market (ICVCM) seeks to establish a global standard
for high integrity carbon credits through its Core Carbon Principles (CCPs). Permanence is one of its
CCPs specifying that “GHG emission reductions or removals from the mitigation activity shall be
permanent or, where there is a risk of reversal, there shall be measures in place to address those
risks and compensate for reversals” (ICVCM, 2024a). This principle is underpinned with concrete re-
quirements outlined in its Assessment Framework. The ICVCM requirements require compliance
with CORSIA’s requirements on permanence and establish additional obligations. ICVCM oper-
ationalises how permanence must be addressed, with more prescriptive requirements on the
buffer mechanism, the monitoring duration, and the treatment of different reversal scenarios
and activity types. The initiative differentiates the requirements for specific activity types according

to their associated risk of reversals:

e Activity types with a material risk of reversal are required to monitor and compensate for
reversals. The following activity types are considered to have a material risk of reversal:

o Agriculture soil carbon sequestration

o Conservation and avoided conversion (e.g., grassland/rangeland management,
avoided deforestation)

o Forestry sequestration (improved forest management (IFM), afforestation/reforesta-
tion, agroforestry)

o Wetland and marine ecosystem restoration/management (including seagrasses,
saltmarshes, mangroves, peatlands)

e For mitigation activities involving the displacement of non-renewable biomass, biochar, CCS
with geological storage, enhanced weathering, CCS with mineralisation and CO, in concrete
utilisation activities, ICVCM requires the assessment of reversal risks and in the case of iden-
tified material risks, the implementation of appropriate measures to prevent material risks
of reversals.

e For jurisdictional REDD+ activities, the initiative establishes separate permanence require-
ments (see a detailed description in Box Al), noting that further work on their treatment will
be carried out for future iterations of the Assessment Framework. In a blog post, ICVCM fur-
ther stated that jurisdictional REDD+ programmes operate at a national or state level, using
policy and regulation to protect large areas of forest, which reduces deforestation risk
(ICVCM, 2024b). Similarly, ART argues that crediting at the jurisdictional level incentivises
governments to regulate land use and enforce laws and that it also reduces reversal risks
compared to project-based approaches (ART, n.d.). Carbon market experts, however, note

that while reversal risk may be reduced at jurisdictional scale it is not eliminated, as

12
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demonstrated by past reversals that occurred in jurisdictional programmes (Schneider et al,,
2024, Umweltbundesamt, 2022).

With respect to activity types with a material risk of reversal, the Assessment Framework specifies
that the carbon crediting programme (ICVCM, 2024a):

o Or the activity proponents must cancel one carbon credit for every tonne of CO,e reversed,;
e Must ensure that monitoring and compensation are at least maintained until the later of (i)
40 years from the start of the first crediting period or (ii) the end of the crediting period;

e Must require activity proponents to monitor and report any reversals and to compensate for

any avoidable reversals throughout the monitoring and compensation period;
e Must pause the issuance of carbon credits until the full compensation of avoidable reversals
took place;
e Must intervene and surrender credits from the pooled buffer reserve where activity propo-
nents fail to compensate for avoidable reversals;
¢ Must deem any cessation of monitoring and verification an avoidable reversal;
¢ Must quantify the reversal risk following a clearly defined, publicly available methodology;
e Must ensure activity proponents implement reversal risk mitigation measures;
e Must provide criteria for the categorisation into avoidable or unavoidable reversals;
e Must establish a pooled buffer across all relevant mitigation activities for the compensation
of reversals from these;
e Must ensure that the pooled buffer pool
o lIssized at no less than 20% of the total credits issued for these activities; OR
o Reflects the reversal risk of the mitigation activity over the full monitoring and com-
pensation period including the risk of non-compensation by activity proponents;

o Publicly discloses buffer reserves including the origin of credits.
For jurisdictional REDD+ programmes, the carbon crediting programme must (ICVCM, 2024a):

e Establish a pooled buffer reserve requiring contributions from all programme proponents
and from which reversals of the proponents’ programmes can be compensated for as long
as these participate in the programme;

e Enforcethat programme proponents contribute a percentage of carbon credits proportional
to the reversal risk and adequate to compensate for at least 40 years from the start of the
first crediting period and provide evidence for that;

e Require the proponent to replenish the pooled buffer reserve to a level proportionate to risk

where a reversal exceeds the proponent’s prior buffer contribution;

13
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e Require immediate cancellation of all buffer reserve credits contributed by a proponent

upon exit from the carbon crediting programme.

This is an evolving landscape with the second version of ART's The REDD+ Environmental Excellence
Standard (TREES) which requires for CORSIA-eligible credits that the participant monitors, reports
and verifies carbon pools for at least 20 years approved in 2024. Alongside the decision IC-VCM has
noted that it may require in the next iteration of the Assessment Framework that carbon-crediting
programmes (i) commit to post-crediting monitoring for the permanence period required under
the Assessment Framework, (ii) undertake periodic reassessments of buffer pool contributions to
ensure these remain proportionate to the evolving risk profile of the project or jurisdiction and (iii)
have provisions for increased transparency and reporting on buffer pool status . To note, the Assess-
ment Framework is currently undergoing review with the next iteration expected in 2026 (ICVCM,
2024a).

To ensure further refinement of the CCPs and the Assessment Framework, the initiative has estab-
lished Continuous Improvement Work Programs (CIWP) aiming to reflect evolving market practices
in its requirements. In 2024, the first work programme on permanence was launched to identify
best practices and key gaps in how permanence is addressed across carbon crediting programmes.
Experts who formed part of the work programme identified key topics to be taken into considera-
tion in the next iteration of the CCPs and Assessment Framework. Among these were the definition
and classification of avoidable and unavoidable reversals, the clarification that discontinuation
of monitoring and verification triggers a compensation obligation equivalent to previous buffer
pool contributions and the consideration of including mandatory buffer stress testing as a require-
ment. Regarding reversal risk assessments, it was noted that the initiative should provide guidance
on which risk types to cover and what data and information is to be used. Also, the prolongation
of the 40-year monitoring and compensation period from the start of the crediting period should
be explored (ICVCM, 2025). These findings indicate that existing rules remain insufficiently stand-
ardised and leave important methodological choices to carbon crediting programmes, potentially
affecting consistency and comparability across the market. Recently, the initiative announced a
follow-up work programme to refine permanence requirements with expert engagement sched-
uled throughout 2026 (ICVCM, 2026). This second CIWP places particular emphasis on monitoring
and compensation work streams (ICVCM, 2026) with the aim to conduct research, convene and de-

rive recommendations:

e Pilot a standardised stress test for pooled buffer reserves with interested CCP-eligible pro-

grammes to assess robustness and inform potential mandatory testing

14
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e Establish standardised definitions and guidance for project-level risk assessment including
risk categorisation and distinction between avoidable and unavoidable reversals
e Assess novel compensation options such as a permanence trust, industry-wide pooled buff-

ers, and insurance products offering flexible, long-term coverage

2.5. Carbon crediting programmes
Table 3 provides a summarised overview of permanence requirements applied by American Car-
bon Registry (ACR), Climate Action Reserve (CAR), Gold Standard and its Gold Standard for the
Global Goals (GS4GG), Isometric, puro.earth, Verra with its Verified Carbon Standard (VCS), and Ar-
chitecture for REDD+ Transactions (ART) and its The REDD+ Environmental Excellence Standards
(TREES)“. For ART, the analysis includes the assessment of the draft TREES Version 3.0, which has
not yet been formally adopted. Version 3.0 includes more clarity on both the buffer pool contribution
calculation and the increased pool contribution following a reversal (ART, 2025a). Note that ART is
the only large scale jurisdictional crediting programme that has become operational - VCS INR has

not made inroads in the market yet.

For more detail per programme the reader is referred to Table Al. Private carbon crediting pro-
grammes’' permanence requirements in ANNEX 1.

4 ART focuses on REDD+ activities except for removals from forests remaining forest
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Table 3: Summary of private carbon crediting programmes’ permanence requirements

Parameter

Description

Reversal risk assessment

Risk mitigation measures

Buffer pool design

Buffer pool / reserve con-
tribution requirements

Reversal coverage

Alternative mechanisms &
approaches

Whether and how the programme requires proponents to assess reversal risks before crediting, and
whether the assessment feeds into the buffer pool contribution rate. Most programmes provide a dedi-
cated AFOLU risk tool and separate GCS requirements; the main distinction is whether the assessment
outcome directly drives the buffer contribution (ACR, Verra VCS) or feeds a broader risk score with miti-
gation factors (CAR, Gold Standard). Isometric combines a programme-level questionnaire with proto-
col-level factors in the monitoring plan.

Whether the programme prescribes pre-emptive measures to reduce reversal risks, and whether imple-
mented measures can lower the risk rating or buffer contribution. The key divergence is whether miti-
gation actively reduces the buffer contribution (CAR allows mitigation factors to lower the AFOLU risk
rating; ART TREES allows three mitigation factors) or is simply required without affecting the rate (Gold
Standard requires a mitigation plan above a risk threshold; puro.earth mandates pre-emptive mitiga-
tion for GCS where material risks are identified).

How compensation is structured, pooled across activities, segmented by activity type, or held in project-
specific reserves. The main distinction is between pooled buffers shared across participants (ART TREES,
Verra VCS, CAR with separate AFOLU/GCS sub-accounts) and project-specific reserves (ACR's GCS Re-
serve Account, Isometric's per-participant GCS accounts). puro.earth operates without a buffer pool for
GCS.

The percentage of issued credits contributed to the buffer, how it is calculated (risk-rated vs. fixed), and
what types of credits are acceptable. Approaches diverge sharply: risk-rated contributions in defined
ranges (ART TREES 5-30%; Verra VCS up to a 7% GCS cap) versus flat rates (Gold Standard 20% AFOLU /
2.5% GCS; ACR 10% annual GCS reserve). Isometric classifies CO, storage in reservoirs as very-low-risk
with a 2% precautionary contribution. puro.earth requires no contribution at all, instead applying a de-
duction to reported output volume if the 100-year stored fraction falls below 99%.

Which categories of reversals the buffer compensates: unavoidable only, avoidable only, or both; and
whether the pool must be replenished after avoidable reversals. Most AFOLU buffers cover only una-
voidable reversals (ACR, CAR, Gold Standard). The broadest coverage is ART TREES (all reversals, no cate-
gory distinction) and Verra VCS (both, with mandatory replenishment for avoidable). Isometric explicitly
allows buffer credits to be used for avoidable reversals, conditional on participant reimbursement.

Whether the programme permits instruments other than buffer pools, e.g., insurance, guarantees, out-
put-volume adjustments, or fund-based approaches, and whether these substitute for or supplement
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Frequency of monitoring
for reversals

Length of monitoring pe-
riod (incl. PCM specifica-
tions)

Cessation of monitoring

Reversal notification

Consequences of reversal
notification

Programme-level backstop

buffer contributions. ACR is the only programme that allows approved insurance products to fully re-
place buffer/reserve contributions. Gold Standard permits insurance and guarantees specifically for en-
gineered removals (GCS). Verra is currently piloting both insurance and a fund-based approach. ART
TREES and CAR do not currently provide for alternatives, though CAR signals openness to future review.

How often monitoring reports must be submitted during the crediting and post-crediting (PCM) peri-
ods. The clearest divergence is between fixed schedules (ART TREES: years 1, 3 and 5 of the crediting pe-
riods, with no PCM report) and methodology- or risk-driven schedules (most others). Verra VCS's GCS
requirement is the most prescriptive, annual reporting continuing for at least 10 years post-injection.

The minimum required duration of reversal monitoring, including any post-crediting obligation. Most
AFOLU programmes converge around 40 years from the start of the crediting period (ACR, Isometric
from end of crediting, Verra VCS). CAR's U.S. Forest Protocol (100 years following issuance) and Gold
Standard (30-50 years with no PCM). For GCS, durations vary widely, from Verra VCS's 10-year minimum
post-injection care to Isometric's 50 years, with most programmes tying cessation to demonstrated
plume stability or ISO 27914 closure criteria rather than a fixed term.

How the programme treats early termination of monitoring. Most programmes deem cessation an
avoidable reversal requiring full remediation (CAR, Isometric) or treat it as a full reversal of all credits is-
sued (Gold Standard). ART TREES and Verra VCS notably do not specify particular consequences.

The maximum time within which proponents must notify the programme of a reversal event. Deadlines
vary by an order of magnitude — from Isometric's 1-3 days at programme level (5 days for GCS, as for
puro.earth) and ACR's 10 business days, to Gold Standard's and Verra's 30 days. ART TREES and Verra
VCS do not specify a deadline.

What proponents must do following notification, and any interim consequences. ART TREES increases
the annual buffer contribution by 5% for five years, during which no mitigating factors can be claimed.
Detailed-report deadlines otherwise range from three months (Gold Standard) to two years (Verra). CAR
requires a full AFOLU report within one year and ACR within six months.

Safeguards where the proponent fails to compensate or where the buffer pool is insufficient. Most pro-
grammes retire buffer credits to cover the shortfall (ACR, CAR with cross-activity fallback, Gold Stand-
ard). ART TREES requires participants to cover any deficit exceeding their contribution by setting aside
future credits or purchasing equivalent TREES credits. Isometric commits at programme level to ensur-
ing full compensation by directing future removals from the same participant to the buffer. Verra VCS is
the most punitive for GCS, projects become ineligible if a reversal exceeds 10% of injected volume.
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2.6. UK ETS Authority
In July 2023, the ETS Authority committed to integrating engineered greenhouse gas removal (GGR)
into the UK Emissions Trading Scheme (ETS) and published a consultation on ‘Integrating Green-
house Gas Removals in the UK Emissions Trading Scheme' (UK Government et al., 2025a). The re-
sponse (UK Government et al., 2025b) outlines the UK ETS Authority’'s position, proposing a three-

pillar framework to ensure only robust and durable removal methods enter the UK ETS:

¢ Minimum storage period - engineered GGRs must meet the minimum storage period of
200 years to enter the UK ETS.

¢ Liability measures - the project operator is legally liable and accountable for any losses from
carbon storage and the corrective actions.

¢ Fungibility measures - buffer pools will be used as an insurance mechanism; The operator
will be awarded fewer allowances than carbon stored, the stored carbon in the buffer pool is

then cancelled in the event of a reversal.

The response recognises that a minimum storage period of 200 years (preferred by only five stake-
holders) is considerably longer than the median and modal response of 100 years. It argues that the
longer period ensures environmental integrity and investor confidence while enabling the inclusion
of a broad range of GGR. It also refers to the EU's CRCF framework which states that long-term
storage is 'several centuries i.e. at least 200 years'. The 200-year minimum storage period will make
it difficult to include removals from nature-based solutions into the UK ETS, as they are often less

durable and monitoring difficult to achieve over this time horizon (see section 3.2.1).

The Authority decided to apply liability measures to the operator obligating them to take corrective
action in the event of a reversal. They are considering both pre-existing approaches (such as the
purchase of UK Allowances in the case of emissions from Carbon Capture and Storage) and the
novel ideas presented in stakeholders’ responses, such as financial penalties and insurance prod-

ucts, as well as

The Authority decided to proceed with buffer pools as a fungibility measure. Buffer pools are al-
ready used domestically in the Woodland Carbon Code and internationally in other compliance
schemes. The Authority expects that in cases with low risk of reversal, such as GCS, there will be a

zero-rate buffer contribution, however, a final decision has not been made.

In a forthcoming technical consultation the finer details of this three-pillar framework will be con-

cluded, such as contribution rates (buffer pool) and review periods. The decision on whether to
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integrate woodland removals is ongoing. The Authority established that peatland restoration would

not be eligible for inclusion in the UK ETS.

2.7. EU CRCF
The EU Regulation 2024/3012 (“CRCF Regulation”) establishes a certification framework for perma-
nent carbon removals, carbon farming and carbon storage in products within the EU (European
Parliament, 2024). The Regulation establishes overarching guidelines on environmental integrity
including on non-permanence, while the Delegated Acts and the certification methodologies an-
nexed to those provide activity type-specific details. The Regulation differentiates between perma-
nent carbon removals that capture CO, from the atmosphere and store it for centuries, bearing a
very low or no risk of reversal®, and non-permanent methods with higher reversal risks® (European
Commission, 2025a). The regulation differentiates between four different types of mitigation units,
namely permanent carbon removal units, carbon farming sequestration units, soil emission reduc-

tion units and carbon storage in products units.

To address reversal risks related to these four-unit types, the Regulation stipulates the following

overarching requirements:

¢ Risk mitigation: The activity shall mitigate of any identified risks of reversals.

¢ Reversal remediation mechanism: Appropriate liability mechanisms shall be in place to ad-
dress reversals, including collective buffer pools or up-front insurance mechanisms. In
cases of reversals, the last resort option shall be the direct cancellation of credits. Further
liability rules and measures to address the risk of failure of these mechanisms shall be in-
cluded in the applicable certification methodologies. For activities that generate a tempo-
rary net-carbon removal benefit, a liability mechanism is required. For soil emission reduc-
tion activities, a liability mechanism should be applied only to deter early termination of the
activity.

¢ Temporary crediting: For activities based on temporary removals (such as carbon farming
or carbon storage in products), credits shall have an expiry date, aligning with the end of the

monitoring period. After this period, the carbon captured and stored shall be considered

5 Direct Air Capture with carbon storage (DACCS), biogenic emissions capture with carbon storage
(BioCCS), biochar, Enhanced Rock Weathering (ERW) and ocean alkalinity enhancement as a pos-
sible candidate

6 Carbon farming (e.g. rewetting peatlands, agroforestry, soil protection, reforestation) and carbon
storage in bio-based construction materials (e.g. timber and agricultural crops)
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released into the atmosphere unless the participant commits to prolonging the monitoring
period. Certification methodologies shall incentivise extending the monitoring period to
store carbon for at least several decades in soils or biomass. The Regulation does not specify
requirements for buyers regarding the replacement of expired temporary credits. It also
does not specify the validity period of emission reduction credits.

e Monitoring: For permanent carbon removals, monitoring reports shall be submitted at least
once a year for DACCS and BioCCS. Biochar monitoring period depends on the intended use.
For biochar applied to soil, the monitoring period extends either until the point of application
or, at the latest, one year after the end of the certification period during which the biochar
was applied to the soil. For biochar stored in products, monitoring continues until it is verified
that the biochar has been incorporated into the respective product. Additional rules for mon-

itoring shall be included in the applicable certification methodologies.

The EU Commission Implementing Regulation 2025/2358 (“Implementing Regulation”) adopted
by the Commission in November 2025 introduces rules on CRCF certification schemes, bodies and
audits (European Commission, 2025b). While the approach to addressing non-permanence is set
out in the CRCF Regulation and in its Delegated Acts and annexes, the Implementing Regulation
provides more specifications. It categorises non-conformity into three categories: minor, major and
critical, which has a direct effect on the issuance of credits. The requirement to monitor reversals is
defined in Article 11. For a group of activity developers applying the same mitigation activity, moni-
toring does not have to be complete but can be limited to a sample of developers (see Article 12). If
a critical or major non-conformity is identified for one developer of the initial sample of group mem-
bers an additional sample of the same size shall be audited. Systemic non-conformity across the

whole sample shall lead to suspension or withdrawal of the whole group certification.

For the first Delegated Act on permanent carbon removals, the Commission, supported by a Car-
bon Removal Expert Group, focused on methodologies for DACCS, BioCCS, and biochar. The draft
Act was released in July 2025 for public consultation. The Act was adopted by the Commission on 3
February 2026 and transmitted to the European Parliament and the Council of the EU for a two-
month scrutiny period which can be prolonged by another two months (European Commission,
2026). Neither Parliament nor the Council have the right to make amendments, but they have the
right to object to the draft. In the absence of objections by the European Parliament or the Council
within the scrutiny period, the Act will enter into force 20 days following its publication in the Official
Journal, at the earliest in April 2026 (European Commission, 2026). The preparation of the Delegated
Act for permanent removal was closely monitored by NGOs and environmental groups, and early
draft versions received heavy criticism (Sherger & Sharma 2023, ZEP 2024, Schneider et al. 2024 &
2025, ECOS 2025, NEP 2025, ZEP 2025). While some criticised aspects have been addressed in the
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final Delegated Act, others remained, leading to a disaffirmation of the final version by some re-
searchers and environmental groups (Bellona 2025, Fallasch et al. 2025, Hernandez 2025). The criti-
cism is mainly related to the use, sustainability and assumption of automatic carbon neutrality of

biomass for BioCCS and biochar.

The Commission is working on two additional Delegated Acts for certification methodologies: Car-
bon farming methodologies for activities and methodologies for carbon storage in bio-based con-
struction products. The draft carbon farming methodologies have been released for public consul-
tation on 22 January 2026. In the draft methodologies for certifying carbon removals and soil emis-
sion reductions from carbon farming, further non-permanence are stipulated, such as monitoring
periods (incl. monitoring beyond the activity duration), monitoring parameters, types of risks to con-
sider (e.g. mismanagement, natural hazards) and the definitions of unavoidable and avoidable re-
versal risks (European Parliament, 2026). Further, the draft includes instructions for the calculation
of the risk rate, which is based on the combination of the hazard and vulnerability indicators and is
expressed as the share of carbon at risk of being released. All (draft) methodologies are analysed in

detail in this regard in Chapter 5.
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The detailed PACM non-permanence requirements are elaborated in the Non-Permanence Stand-
ard and the accompanying Information Note, adopted in October 2025 (UNFCCC, 2025a, 2025b).

Table 4: PACM permanence requirements (UNFCCC, 2025a, 2025b, 2026a)

PACM requirements

Risk assessment
requirements

Risk mitigation re-
quirements

Buffer pool design

Buffer pool contri-
bution require-
ments incl. compo-
sition of contribu-
tion

Reversal coverage

Alternative mecha-
nisms & ap-
proaches

Frequency of mon-
itoring for reversals
(during crediting
period and PCM
period)

Length of monitor-
ing period incl.
PCM specifications

Cessation of moni-
toring

Reversal notifica-
tion

Consequences of
reversal notifica-
tion

Programme-level
backstop

Application of reversal risk assessment tool with methodology-specific
definitions (see below)

Required implementation of risk mitigation plan. Details to be specified
in reversal risk assessment tool

Buffer pool account across all activities.

Contributions in line with calculated percentage-based risk rating. Cred-
its from the same activity are to be contributed

Buffer Article 6.4 credits to compensate for avoidable and unavoidable re-
versals. In case of avoidable reversals: PPs obliged to replenish pool with
equivalent amount

An SBM-approved third party guarantor or insurance provider can take
over responsibility for the PCM from the activity participants

Para. 62 of the Removals Standard allows for the consideration of alterna-
tive means to compensate for reversals in addition to the buffer pool. The
MEP is currently developing a concept note addressing measures to en-
sure the robustness and resilience of the buffer pool, explore alternative
measures to it and outline a potential Monetary Permanence Reserve

Mechanism methodologies to specify minimum frequency for monitor-
ing report submission during crediting period and in the post-crediting
monitoring (PCM) period. Minimum frequency must be between 1-5
years, with the exact frequency being guided by the nature, type and re-
versal risk

Mechanism methodologies must determine a minimum monitoring pe-
riod during the PCM period

Deemed avoidable reversal

Within 30 days. Annual reversal reports must be submitted by 31 march

each year (covering previous year)

Late report submission entails suspension of activity- specific operations

Periodic stress tests of buffer pool (at least every three years)
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Despite the adoption of the standard and the information note, several elements still require further
operationalisation or consideration. In particular, reversal risk assessment procedures are to be
specified in a dedicated reversal risk assessment tool currently under development by the SBM's
Methodological Expert Panel (MEP). In addition, in its final form the Non-Permanence Standard
shifts several key decisions to the methodology level. This was partly a response to strong public
criticism from market stakeholders during the consultation process. Some stakeholders had ex-
pressed concern that overly stringent non-permanence requirements could effectively exclude na-
ture-based solutions (NBS) from credit generation under the PACM. In particular, they highlighted
issues such as the potentially indefinite duration of the PCM period, the definition of the negligible-
risk threshold and the extensive reporting obligations. Ultimately, the standard and information
note stipulate that (UNFCCC 2025a,b):

¢ Mechanism methodologies must define a minimum period for monitoring — based on the
activity type and associated reversal risk — during the PCM period, after which activity partic-
ipants may request to end monitoring if they can demonstrate a negligible risk of reversal.

e The PCM period must continue for a duration proposed in the methodologies and ap-
proved by the SBM or until:

o All potential future reversals are fully compensated for by cancelling an equivalent
amount of Article 6.4 credits by the activity participant, guarantor or insurance pro-
vider

o All potential future reversals are fully compensated through an insurance or guaran-
tee mechanisms whose sufficiency has been approved by the SBM

o A negligible reversal risk is demonstrated (after minimum PCM period) and verified
by an independent third-party entity

e For demonstrating negligible risk, the methodologies must specify criteria for demonstrat-
ing negligible reversal risk, taking into account the activity type and its associated risks.
These criteria must ensure that stored greenhouse gases are stable or in a steady state for at
least 100 years from the time negligible risk is demonstrated.

e A negligible risk is a risk “that would result in a loss of no more than a maximum percentage
to be specified in methodologies on the basis of guidance to be developed in the reversal
risk assessment tool [..] calculated over a 100-year timeframe starting from no earlier than
the end of the last active crediting period” (UNFCCC 2025b, para. 3g)

By shifting these aspects to the methodology level, the Standard and Information Note imply that
further operationalisation and detailed guidance — based on bottom-up proposals — will be required
from the SBM. Discussions on how to implement the PACM’s non-permanence requirements will

thus continue at the activity type level, as methodology proposals are submitted.
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3. A science-based framework and procedure for rever-
sal risk assessment

Strengthening the approaches to address reversal risks, including risk assessment procedures, is
relevant across all carbon crediting programmes to ensure the environmental integrity, financial
viability, and long-term credibility of carbon credits. There is a growing recognition that reversal risk
assessments must be differentiated according to reservoir type (biosphere, geosphere and hydro-
sphere). Reversal risks can be generally categorised into natural versus human-induced risk types.
The combination of current good practices in carbon markets and scientific research on carbon
storage reservoir, pool and activity type helps to informn the UNFCCC A6.4 Methodology Expert Panel

and Supervisory Board on the drafting of the reversal risk assessment standard.

3.1.Reversal risk assessment approaches
Some carbon crediting programmes apply detailed, activity-specific risk assessment approaches
or tools that generate differentiated risk scores to determine buffer contributions accordingly. How-
ever, these reversal risk assessments are often weakly supported by empirical evidence, and the

resulting risk ratings seem more speculative than data driven.

Under PACM, the reversal risk assessment tool is currently developed by the MEP. It will determine
the contributions to the reversal risk buffer pool account. All activities involving emission reductions
or removals with reversal risks must apply the tool. An Article 6.4 activity may play into various GHG
reservoirs. Therefore, the Non-Permanence Standard specifies that mechanism methodologies
must first identify all applicable GHG reservoirs (UNFCCC, 2025b). The standard recognises three
different reservoirs: the biosphere, geosphere and hydrosphere. Once the applicable reservoirs are

identified, the respective reversal risk assessment is applied.

At the MEP’s 11th meeting (MEP 011), the experts also decided to express individual reversal risk fac-
tors as a percentage of total carbon, rather than as a percentage of credited carbon (UNFCCC,
2026a). “Credited carbon” refers only to the portion of carbon storage that has been issued as credits,
whereas “total carbon” covers all carbon stored in the GHG reservoir. A tentative agreement
among MEP members is to develop the tool based on four procedures that are to be applied to each

relevant GHG reservoir:

e Procedure to calculate individual reversal risk factors (expressed as % of total carbon)
e Procedure to combine individual reversal risk factors together (expressed as % of total car-
bon)
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e Procedure to reduce reversal risk factors based on remediation measures (expressed as % of
total carbon)
e Procedure to calculate the buffer pool contribution from the combined reversal risk factors

(expressed as % of credited carbon)

The MEP is currently working on separate reversal risk assessment components (UNFCCC, 20263,
2026b):

¢ Common financial, management, and social risks that apply to most or all project types
e Additional reversal risks applicable to forest carbon storage
e Additional reversal risks applicable to geological carbon storage; and

e Additional reversal risks applicable to biochar

At MEP 12 (9-13 March 2026), further progress was made on the development of the reversal risk
tool. Building on the tentative framework established at MEP 11, the focus of MEP 12 was on opera-

tionalising the tool:

e Classifying reversal risks for different project types and reservoirs,
¢ Quantifying risk factors for both baseline risks and risk reductions achieved through mitiga-
tion measures,

e |dentifying specific mitigation measures to reduce reversal risks.

The tool is designed to capture both the inherent baseline risk of reversals and the effect of mit-
igation actions. Work on finalising procedures and calculations is ongoing and will continue
through MEP 13 (13-17 April 2026), after which the tool is expected to be finalised and ready for prac-

tical application.

Subsequently, we discuss considerations for the procedure to calculate individual reversal risk fac-

tors applicable to reservoirs in the biosphere and geosphere.

3.2. Reservoir- and pool-specific risk assessments

In this section, we focus on assessing reversal risks for reservoirs in the biosphere and the geo-
sphere, differentiated by carbon pools, looking both at the practice of carbon crediting programmes

and scientific literature, with the objective of providing clear recommendations to the PACM.

3.2.1. Biosphere
Table 5 provides a comparative overview of how individual reversal risk factors are assessed across

major carbon crediting programmes. Particular attention is given to how these programmes define
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and structure their risk scope and taxonomy, differentiate between activity types and — where rele-
vant — carbon pools, and operationalise the assessment of reversal risk likelihood, magnitude (sever-
ity) and spatial scale. Additional assessment factors examined include transparency and documen-
tation requirements; minimum time-series expectations; treatment of conservativeness and uncer-
tainty; identification of risk-specific mitigation measures; aggregation rules and overall risk rating
methodologies; climate change risk amplification; the existence of risk thresholds or eligibility gates;
and provisions for periodic review and update based on monitoring data. Building on this structured
comparison, identified good practices are discussed, forming the basis for a subsequent examina-

tion of additional elements highlighted in the scientific literature.

While some programmes have dedicated tools in place, others specify their approaches within
methodologies, protocols, or the standard itself. In many cases, the relevant approach is distributed
across several of these documents. A detailed overview of these parameters per programme are
given in ANNEX 1, Table A2. Comparative overview of individual reversal risk factors assessed across

major carbon crediting programmes for biospheric carbon pools.
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Table 5: Overview of reversal risk assessment approaches adopted by private carbon crediting programmes in the biosphere

Parameter

Description

Risk scope and taxonomy

Differentiation by activity
type and biospheric carbon
pool

Risk typology

Assessment of reversal risk
likelihood, magnitude and
spatial scale

Transparency and docu-
mentation requirements

Minimum time series re-
quirements

Conservativeness and
treatment of uncertainty

Identification of risk-spe-
cific mitigation measures

How many reversal risk categories are defined and what types of risks are covered:

i) Activity finance / management; ii) regulatory/political/governance/market; iii) naturally induced; iv) human in-
duced

All the carbon crediting programmes distinguishes risks for different AFOLU activity types (e.g. forestry vs. wet-
lands) and other biospheric carbon pools.

All programmes have predefined risk (sub-)types are specified, and what categories of natural hazard are explicitly
named, like natural disasters (wildfire, disease/insects, catastrophic events (wind, flooding)). GS4GG and Verra add
climate variability (temperature, water, weather extremes), and future climate change and sea-level rise projec-
tions (Verra). TREES depends on the Cancun Safeguards for REDD+, where countries need to define their risk as-
sessment and typology.

Whether carbon crediting programmes require characterisation of how likely a reversal is, how severe it would be,
and how geographically extensive. All programmes have a severity score. ACR looks at it per sub-category level,
CAR has protocol specific, but no consistent severity score, GS4GG applies high, medium, low score thresholds,
TREES depends on Cancun Safeguards for REDD+ delivered by country and Verra designs likelihood and signifi-
cance around historical data over the last 100 years.

All programmes require disclosing reversal risk assessments and pre-emptive and post reversal mitigation
measures as per their standards (ACR, GS4GG, Verra), activity specific protocols (CAR), or external safeguard re-
quirements (TREES)

The minimum historical or forward-looking time period over which risk must be assessed or evidenced. The timing
differs per programme, but do not specify a fixed minimum period (ACR, CAR, GS4GG), monitoring stops when
participant leaves the programme (TREES), and 100 years (Verra)

How incomplete data, model uncertainty or knowledge gaps are handled: default scores (2%, ACR), if 100-year data
is unavailable, conservative extrapolation needs to be applied (Verra), unspecified (CAR, GS4GG, externally defined
(TREES, Cancun Safeguards)

Whether the programme prescribes concrete actions project proponents can take to reduce specific reversal risks,
and whether effectiveness evidence is required. Basic (ACR) or specific (Verra) principles, Protocol specific (with
state agency approval, CAR), mitigation measures required when severity score threshold is passed (GS4GQ),
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legislative support, demonstrated interannual variability >15% and compliance with Cancun Safeguards lower the
default reversal risk buffer pool attribution (TREES)

Aggregation rules and How sub-category risk scores are combined into a final overall rating, and how that rating translates into a buffer

overall risk rating pool contribution. Aggregated (ACR, GS4GG, Verra) or protocol specific: aggregated or default (CAR), default with
adjustment factors (TREES)

Climate change risk ampli- Whether and how projected increases in climate-related hazards (more frequent/intense extreme events) are fac-

fication / consideration tored into risk scoring. Not explicitly specified (ACR, CAR), scored for in risk rating (GS4GG, Verra), externally deter-

mined (TREES, Cancun Safeguards)
Risk thresholds or pass/fail \Whether specific quantitative thresholds exist that render a project ineligible or trigger a required corrective ac-

gates tion. Not explicitly specified (ACR), protocol specific (CAR), defined at sub-category level (GCS4GG), overall risk and
sub-category threshold dependent (Verra), externally determined (TREES, Cancun Safeguards)

Periodic review and up- How often risk assessments must be reviewed and under what circumstances they must be revised. Reviewed at

date every verification (Verra), every 5 years (ACR), periodically (TREES, unspecified time), protocol specific (CAR), at

certification renewal (GS4GQG)
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Several good practices emerge from the comparison for assessing natural reversal risk:

¢ A robust framework should begin with a clearly defined risk scope and taxonomy. Good
practice is to distinguish between broad categories (e.g. internal/management, external/so-
cial, and natural risks) and to further disaggregate these into predefined sub-categories.

¢ Risk categories should be tailored to activity type characteristics (e.g., forest, wetland or
grassland projects) and, where feasible, explicitly consider the vulnerability of different car-
bon pools.

¢ Protocol-specific mitigation (e.g. early warning systems or targeted grazing) should be
required, with quantified discount factors tied to the scientific evidence and programme
approval, oversight and verification, similar to CAR's protocol requirements.

¢ A key methodological good practice is to structure reversal risk assessment around core
risk components: likelihood (frequency), magnitude (severity of carbon loss), and spatial
scale (extent of impact). For example, Verra assesses historic natural risk based on event fre-
guency over a 100-year period and the percentage of average carbon stocks lost in a single
event, with defined severity classes and conservative extrapolation where only 20-100 years
of data are available. Gold Standard operationalises a three-factor model (Exposure x Vulner-
ability x Spatial Scale) with structured thresholds for each dimension.

¢ Transparent, publicly available, and scientifically credible datasets should underpin risk
assessments. ACR demonstrates a strong dataset-driven approach, particularly for U.S. pro-
jects, referencing national hazard layers (e.g. wildfire hazard potential and national flood haz-
ard maps) while also allowing regionally appropriate defaults or project-specific approaches.

e Assessing risks over long temporal horizons is essential. Verra's requirement to assess
historic natural risk over a 100-year period represents a strong benchmark.

¢ Integrating climate change considerations systematically - rather than implicitly -
strengthens environmental integrity under changing risk baselines. Emerging good practice
is to apply a climate change impact or amplifying factor.

o Effective risk assessment frameworks link risk assessment to risk mitigation. Good prac-
tice includes defining eligible mitigation measures for specific risk types (e.g. wildfire man-
agement treatments, conservation easements, deed restrictions), requiring evidence of ef-
fectiveness, and adjusting risk scores only where measures are demonstrably implemented.

e Clear thresholds or corrected score requirements can act as safeguards against projects
with excessive reversal risk. While true theoretically, that more stringent requirements
may raise implementation barriers and reduce project uptake, and hence reducing the cli-
mate benefit. The environmental integrity should be assessed against a credible counterfac-
tual, e.g., what happens to the forest if the activity does not proceed under A6.4? the project

could either continue in a different (domestic) carbon programmes with weaker safeguards
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(financial displacement), or the land is converted, which could lead to increased GHG emis-

sions. A balance between robustness and applicability is to be promoted.

Other important insights from the comparative analysis are:

¢ While disturbance frequency and severity are taken into account, often the underlying
numbers appear to rely on internal data and expert judgement without public, inde-
pendently assessable scientific justification (Haya et al., 2024; Anderegg et al., 2025a).

¢ Conservativeness is not a built-in principle in most assessment frameworks. Where his-
torical data are incomplete or uncertain, conservative extrapolation should be required.

¢ Default factors should be used only where spatial or historical data are unavailable or
where a clear justification exists. CAR applies such factors in soil organic carbon (SOC)
methodologies: the Grassland Protocol and the Soil Enrichment Protocol. In the first, a 2%
buffer contribution is required, with a temporary 5% risk value applied to projects that have
not yet undergone a site visit during verification. The Soil Enrichment Protocol requires a
minimum 5% deduction and increases this to 7.5% where more than 50% of the project area
is concentrated in one region, while dispersed projects remain at 5%. These relatively low
factors are justified on the basis that fires, and catastrophic floods would not typically release

SOC and that the risk is not considered to vary significantly by location or land management.

Another insight from the assessment is that few programmes explicitly consider carbon pool-
level dynamics. In the following, we highlight key insights at carbon pool-level from the scientific
literature on reversal risks assessment. The biosphere includes several carbon pools: above-ground
biomass (AGB) (e.g., trees, crops), below-ground biomass (BGB) (roots), dead organic matter (litter,
dead wood), soils (SOC) and biomass embodied in human infrastructure, particularly harvested

wood products (HWP). Activity types influence one or several of these pools.

Above-ground biomass

AGB is defined as: all above-ground living biomass, including stems, stumps, branches, bark, seeds,
and foliage (IPCC, 2003). AGB is a material carbon pool in all forestry-related activity types. Most
methodologies only include woody AGB as a relevant carbon pool, while non-woody AGB may be
selected or generally excluded (Gold Standard, 20243a; Verra, 2025g). For annual crops (e.g., grains,
vegetables, annual forage) carbon fixed in their AGB is typically released back into the atmosphere
within months when residues decompose or are consumed (IPCC, 2019). Factors such as geo-
graphic context, species composition, and forest stand structure can substantially influence
both the likelihood and nature of potential reversals (Anderegg et al., 2020). Recent work on IFM

and REDD methodologies underscores that these structural and biogeographic differences are not
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well captured when programmes rely on coarse regional averages or generic risk categories, which
can systematically understate reversal risk in high-hazard areas or for older, high-biomass stands
(Haya et al., 2023). Also, forest ecosystems are inherently resilient, and empirical research confirms
that stocks can recover from disturbance (e.g. wildfire, pest, windfall), given sufficient time and con-
ditions, while recovery time depends on location and type of forest (Jones and Schmitz 2009, Poorter
et al. 2016, Dabor et al. 2018). Older forests (typical of IFM and REDD+ portfolios) tend to require larger
buffers because regrowth is slower and recovery from disturbance is less able to “backfill” losses
over a 100-year horizon (Anderegg et al., 2025a). Moreover, protection of such old forests leads to
high biodiversity and adaptation co-benefits that need to be properly valued. These co-benefits may
justify prioritising avoided deforestation to other activity types with lower reversal risks, if the trade-

off is properly assessed.

Using a validated tropical forest biomass model with Monte Carlo simulations, (Anderegg et al,,
2025a) find that disturbance impacts on 100-year AGB trajectories are much larger than assumed in
Verra's AFOLU Non-Permanence tool. In a representative scenario (50-70% biomass loss every 25 to
50 years), simulations retained ~57% of initial biomass on average after 100 years, whereas Verra's
implied insurance level assumes >96% remains. This implies that reversal risk assessment should
explicitly model distributions of outcomes (no single-point expectations) and benchmark buffer

contributions to ensuring a chosen percentile (e.g., mean and/or 280% of trajectories).
Wildfire risk

Wildfires directly destroy AGB. Warmer, drier conditions triggered by climate change are increasing
fire frequency and severity (Henner and Kirchengast, 2021; Chu, Grafton and Nelson, 2023). Ballard
et al. (2023) show that nearly half of the 190 global forest carbon projects they analyse have already
experienced at least one wildfire since 2001, and 39 projects saw more than 10% of their project area
burn during 2010-202], indicating that severe AGB loss within project boundaries is already com-
mon even before future risk amplification is considered (Ballard et al., 2023). Climate change can
exacerbate this risk. A model predicts that wildfire exposure of 190 globally distributed forest carbon
projects could increase by up to 55% by 2080 under medium climate scenarios (Ballard et al., 2023).
The Al-based model couples satellite fire detections, drought indices and land-cover/topographic
variables to generate annual fire probabilities at ~300 m resolution, and is explicitly proposed as a
tool for project-level fire risk scoring and for adjusting buffer contributions or eligibility in high-risk
regions (Ballard et al., 2023).

Projects in regions where projected fire probability and severity exceed certain thresholds (e.g. Bal-

lard’'s upper quantiles under SSP2-4.5/SSP5-8.5) may warrant either substantially higher buffer
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contributions or ineligibility for crediting if mitigation options are constrained. Historical wildfire
losses within the first decade of California’s forest offset programme depleted at least 95% of the
buffer pool allocation intended to cover 100 years of wildfire risk (Badgley et al., 2022). This indicates

that buffer contributions were not calibrated to empirically observed disturbance intensity.

For reversal risk assessment, indicators such as ladder fuels, canopy layering, canopy base height
and surface fuel loads are critical predictors of fire behaviour and should be incorporated into rever-
sal risk assessments alongside total biomass (Stephens et al., 2020; Herbert et al.,, 2022). Also, de-
clines in vegetation greenness may signal reduced fuel moisture and increased flammability, sug-
gesting that remote sensing-based vegetation trends can provide early warning signals of rising
reversal probability. In addition, Stephens et al. (2020) emphasise that ongoing warming and drying
are expected to increase wildfire extent and severity in seasonally dry forests, implying that reversal

risk assessments should rely on projected (not only historical) fire regimes.

Regarding the mitigation of wildfire-related reversal risks, the literature notes that prevailing forest
carbon accounting methodologies tend to prioritise readily quantifiable aboveground carbon
stocks in order to comply with established greenhouse gas (GHG) accounting and verification stand-
ard (Buchholz et al., 2022). This emphasis on maximising measurable stocks may, however, create
perverse incentives. In fire-prone systems, maintaining high aboveground biomass without imple-
menting fuel reduction measures can elevate disturbance risk and increase the likelihood of large-
scale carbon losses (Stephens et al., 2020; Buchholz et al., 2022; Herbert et al., 2022). Carbon credit-
ing structures that reward initial stock accumulation and penalise biomass removal may uninten-
tionally discourage proactive fuel treatments, thereby increasing long-term reversal risk (Herbert et
al.,, 2022). As a result, approaches that focus exclusively on near-term stock accumulation may inad-
vertently heighten reversal risk and shift liability to buffer mechanisms (Buchholz et al,, 2022). To
address this tension, Buchholz et al. (2022) argue for probability-based accounting frameworks
that more fully incorporate disturbance risk. Such approaches would allow for lower initial AGB
(e.g., from thinning or prescribed burning) where these interventions demonstrably reduce the

probability of severe wildfire and associated long-term carbon losses.

Mitigation measures for wildfire risk should be linked to quantifiable reductions in expected
carbon loss rather than treated qualitatively. Methodologies could allow defined reductions in
natural risk scores where interventions meet evidence-based design thresholds — such as minimum
area treated, treatment intensity, or treatment return intervals — and where their effectiveness is
independently verified (Buchholz et al., 2022; Haya et al., 2024). Typical risk mitigation measures
include prescribed burning to remove understory fuels, mechanical thinning and fuel breaks

to reduce biomass continuity while retaining fire-resistant trees, grazing management to limit
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grass and shrub buildup, and landscape measures such as firebreaks, access roads for suppres-
sion, and early-warning systems based on satellite and weather data (Regos, 2025). Thinning
must avoid leaving logging debris as this, in turn, increases the fire hazard (Stephens et al., 2020).
Programme frameworks can also incorporate policy and land-management measures — such as re-
strictions on slash-and-burn practices or incentives for fire-resilient species — to enhance landscape
resilience. When led by government agencies, such programmes have high potential for jurisdic-
tional crediting management. Moreover, where such interventions demonstrably reduce reversal
risk, buffer contributions may be adjusted proportionally. For example, CAR requires vegetation
management treatments that lower wildfire risk to be approved by state agencies or the pro-
gramme itself, although they are not independently verified (CAR, 2023). Evidence also indicates
that the effectiveness of such interventions is more uncertain in many tropical forest contexts (An-
deregg et al., 2025a).

Drought risk

A slow onset reversal can be triggered by droughts causing tree dieback in longer periods. Obser-
vational evidence shows that warming combined with drought can switch ecosystems from bio-
mass gain to loss, especially in northern temperate and boreal regions where biomass stocks began
declining in some areas after ~2016 due to heat and drought constraints (Anderegg et al., 2025a).
Nature-based climate solutions in Earth's forests could strengthen the land carbon sink and con-
tribute to climate mitigation but must adequately account for climate risks to the durability of car-
bon storage. The REDD and IFM methodology assessment highlights that current durability tools
rarely include explicit probabilistic modelling of drought-induced mortality or growth decline (Haya
et al, 2024). In practice, AGB in water-limited or warming-sensitive biomes may require much
higher effective risk scores. Drought-induced mortality is often not explicitly modelled in buffer de-
sign, despite growing evidence of large-scale tree mortality linked to warming and water stress
(Badgley et al., 2022). Reversal risk frameworks must explicitly model slow-onset climate mor-

tality as a distinct disturbance category (Badgley et al., 2022).

Given the slow-onset character, risk assessment frameworks should include indicators like re-
cent trends in net biomass change, climatic water balance anomalies, and site-level growth
and mortality data rather than only episodic disturbance records and should update risk scores

when multi-year negative trends in AGB are detected.
Landslide risk
Landslides pose a significant risk to AGB. In Southeast Alaska's Tongass National Forest, landslides

redistributed up to 57% of the carbon lost to logging between 1954-1995 (Vascik et al., 2021). Caleca
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et al. (2025) conceptualise landslide risk through four components (susceptibility, hazard, exposure,
vulnerability). Their continental case study of European mountain ranges demonstrates how this
structured approach can identify landslide-prone areas and estimate potential economic losses, of-
fering a transferable framework for landscape-level risk analysis in forested and mountainous re-

gions.
Riverine and coastal flooding risk

Riverine and coastal flooding can directly destroy AGB (Yang, Lin and Xue, 2024, Qadri and Ceccato,
2025). According to (Tabasi, Fereshtehpour and Roghani, 2025), flood risks arise from a combination
of hazard and vulnerability, the latter being shaped by the exposure and susceptibility. Resilience
(defined by coping and adaptive capacities) reduces overall risk by counterbalancing vulnerability;
it thereby complements hazard- and exposure-focused approaches. Multiple flood hazard indica-
tors ( flood extent, depth, and proximity to channels) can be integrated into composite hazard layers
for local or regional risk assessment (Tabasi, Fereshtehpour and Roghani, 2025). These hazard layers,
when combined with exposure and vulnerability data, support more detailed flood-risk analyses

that account for the spatial distribution of potential impacts.
Windthrow risk

Empirical and modelling studies on windthrow in temperate and boreal forests show that AGB loss
from storms is strongly controlled by stand structure (height, density), species composition (shal-
low- versus deep-rooted species), edge exposure, soil wetness and topography (Mitchell, 1998).
Even-aged monocultures on wet, shallow soils or exposed ridges are particularly vulnerable, while
structurally diverse, multi-layer stands are less prone to catastrophic blow-down (Mitchell, 1998). A
recent study uses spatial models in Central Europe to predict windthrow probability, combining
wind-climate data, topography and stand characteristics, and show that risk maps can be gener-
ated at management-relevant scales to inform silvicultural planning and protection forests
(Stadelmann et al., 2025). Risk mitigation options such as promoting mixed species stands, re-
ducing height/diameter ratios through thinning regimes, and avoiding abrupt edges (e.g., nar-
row clear-cuts) can measurably reduce AGB losses from storms and could justify partial reduc-
tions in wind risk scores if backed by site-level data or recognised risk models. However, where
return intervals for severe storms are short and exposure is high (e.g., certain mountain ranges and

coastal wind corridors), AGB may not meet long-term durability expectations.
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Pest and disease risk

Pests and diseases are a growing risk to AGB, exacerbated by higher temperatures and altered pre-
cipitation patterns. Generally, monocultures are more susceptible to a wide range of reversal risks
including fire, windthrow and pests (Forest Research, 2026), whereas forests with higher biodiversity
and complex structures tend to be more resilient (Pickering et al., 2025). Scenario analysis of sudden
oak death demonstrates that mortality affecting a single species could fully deplete the entire dis-

ease and insect risk allocation (Badgley et al., 2022).

Continental-scale modelling demonstrates that reversal risks to AGB are multi-hazard, spatially het-
erogeneous, and strongly climate-sensitive (Anderegg et al.,, 2022). Fire, drought-driven climate
stress, and insect mortality each contribute substantially to projected increases in forest disturbance
risk over the 21t century. Haya et al. (2023) argue that current buffer pool contributions may be ma-
terially undercapitalised even when considering wildfire risk in isolation. When analysing the se-
verely undercapitalised buffer pool of California’s cap-and-trade programme, Badgley et al. (2022)
observed that the buffer pool design did not account for increasing wildfire intensity, geographic
variation in fire risk, or climate-driven amplification of disturbance. Similarly, drought mortality and

invasive pathogens were not adequately incorporated at programme design.

Reversal risk assessment must incorporate climate projections, not rely on static historical
baselines (Badgley et al., 2022). Climate stress-driven tree mortality is projected to rise by factors
of 1.3 t0 1.8, and insect-driven mortality by 1.2 to 1.7, depending on emissions pathways (Anderegg et
al., 2022). These risks diverge significantly after mid-century and are particularly pronounced in
western and intermountain regions, though expansion into additional geographies is projected. Im-
portantly, disturbance pathways interact and are not simply additive, and mortality risk is mediated
by species-level physiological traits, including drought tolerance. Projections indicate a shift toward
younger, lower-biomass stands with reduced carbon density (Haya et al,, 2023). At the same time,
intensifying disturbances such as drought, wildfire, and pest outbreaks are expected to increase
tree mortality (Anderegg et al., 2020, 2022). As a result, the carbon stored in these forests is likely to
become more vulnerable and less persistent over time. Reversal risk must therefore be assessed
using spatially differentiated and forward-looking approaches that incorporate local climate
trajectories, species composition, and disturbance interactions (Anderegg et al, 2020; Haya et
al., 2023).

Also, reversal risk assessment should incorporate climate-amplified hazard trends and explicitly
consider regeneration failure and biome shifts as drivers of non-permanence (Anderegg et al,

2025a). Both Verra and Gold Standard are currently the only programmes incorporating climate
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change considerations in the AFOLU reversal risk assessment. However, Haya et al. (2024) argue that
Verra's tool (version 4.2) does only coarsely consider climate-change effects and relies on disturb-
ance-regime tables that are not clearly grounded in peer-reviewed data. The lowering impact of the
“adaptive capacity” criteria on climate change risk amplification is also criticised as likely to under-
estimate the climate change risk (Haya et al., 2024). This could be addressed, inter alia, by ground-
ing risk reductions in peer-reviewed science, capping reductions, independently verifying

claimed measures, and anchoring assessments to empirical historical data.
Key considerations for reversal risk assessment for AGB

¢ Reversal risk assessment must be geographically differentiated to avoid cross-subsidi-
sation that destabilises the pool. To effectively assess natural disturbance risks, the project-
specific vulnerability of AGB must be considered, accounting for differences in risk type and
magnitude across forest types and geographical context

¢ Risk estimates should be anchored in transparent, spatially standardised datasets rather
than developer discretion. Readily available datasets combing probability and severity of
every natural and climate risk for each carbon pool on a global level do not exist. Hence, haz-
ard probabilities and potential loss magnitudes should be derived from publicly available
scientific datasets and regionally consistent hazard layers (e.g. wildfire probability, flood ex-
posure, windthrow risk, drought indices, landslide susceptibility). Where global hazard da-
tasets are incomplete, project-level AGB data should be combined with regional hazard da-
tabases and climate projections.

e Creditable mitigation should be linked to clear criteria and verified by independent par-
ties. Risk mitigation should only reduce assessed risk where there is strong, region-specific
empirical evidence of measurable risk reduction.

e Reversal risk should be assessed probabilistically rather than through single-point esti-
mates. Disturbance regimes affecting AGB (e.g. fire, drought-induced mortality, storms, pest
outbreaks) are stochastic and often heavy-tailed.

¢ Risk scoring should incorporate climate projections and scenario-based hazard model-
ling. Climate change is expected to amplify disturbance regimes - including wildfire,
drought stress, pest outbreaks, and extreme storms — and to shift their spatial distribution.

¢ Slow-onset disturbances should be explicitly considered alongside acute events. Grad-
ual biomass losses driven by drought stress, climate-induced mortality, growth decline, or
regeneration failure can significantly affect long-term AGB durability but are often over-
looked in reversal risk frameworks.

e There is a gap in research on compound disturbance risks. Most studies still assess haz-

ards such as drought, wildfire, and flooding separately, despite clear interactions between
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them (e.g. drought increasing fire risk or fires amplifying flood impacts). For example, Piao et
al. (2022) use machine learning to map multiple hazards but still treat them independently.
Future work could better capture cascading risks using approaches such as Bayesian
networks or event-based compounding frameworks, alongside standardized damage

indicators (Kappes et al., 2012). Further research on this matter is needed.
Data to assess AGB and respective risks

e Several global datasets and models are available to assess AGB and respective risks, e.g.:

o Multiple universities are working on the “Global Reference Dataset for Above-Ground
Biomass” (Azra et al. 2026), which combines harmonised ground observations with re-
mote sensing to provide spatially explicit biomass estimates and uncertainties. It offers
consistent benchmarks across regions and forest types, supporting more robust valida-
tion of AGB stocks and trends, enabling better detection of anomalous biomass losses.

o Forfire-related reversal risk of AGB, risk assessments can draw on complementary global
datasets and a modelling framework that together capture fire occurrence, severity and
future probability. NASA's FIRMS (NASA 2026) provide near-real-time global active fire
detections, allowing users to characterise where and how frequently fires affect forest
areas. The global forest burn severity dataset offers 30 m historical information on the
intensity of past forest fires and associated biomass loss, enabling users to quantify typ-
ical damage patterns across forest types (He, Shen and Anagnostou, 2024). Finally, the
Al-based wildfire risk model from Ballard et al. builds on long time series of satellite fire
observations to project how wildfire probabilities may change under future climate con-
ditions, supporting forward-looking assessments of reversal risk.

o In 2024, a global dataset for forest regrowth following wildfires was published. The re-
searchers used satellite data to create the first global at 30m resolution showing how
forests regrow after wildfires, tracking height, biomass, leaf cover, and light absorption
from 2000-2020. For each area, they calculated regrowth ratios and rates every 5 years.
Models used in the study revealed that forest height growth patterns varied across re-
gions; however, most forests required approximately 20 years to reach an average tree
height of 15 meters. The dataset does not capture the complete recovery trajectory for
the different forest types (Zang, Qiu and Zhang, 2024). Recent global datasets for forest
recovery under other individual disturbances are not available and require further re-
search.

o 1IN 2022, Senf & Seidl mapped post-disturbance (anthropogenic and natural) canopy re-
covery across 35 European countries using Landsat data (1986-2018), finding a median

recovery time of 18 years and a mean of 35 years, with 87% of forests recovering within
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30 years. Recovery was strongly driven by disturbance severity. Low-severity events re-
covered within 30 years, while very high-severity events often took over 100 years or
failed entirely. Most of Europe's forests (69%) showed high resilience, but 14% had low or
critical resilience, concentrated in the Iberian Peninsula where frequent, intense fires
outpace recovery (Senf and Seidl, 2022).

o For other risks, non-AGB/forest related databases can be used and combined with AGB
data, e.g. for landslide risks, the globally distributed dataset of landslide from Fang et al,,
providing a mapping via multi-source high-resolution remote sensing images can be
used (Fang et al,, 2024).

o As for droughts, the Global Database of Meteorological Drought Events lists around
4,500-4,800 dry spells worldwide from 1951 to 2016. It uses rain and temperature
measures to spot events by country or region, noting start/end dates, length, strength,
affected area, and a score for major ones like mega-droughts (Spinoni et al., 2019).

o In 2023, the Accelerating Innovative Monitoring for Forests (AIM4F) programmes was
launched by FAO and the UK. It aims to empower countries to monitor their forests using
modern technologies, technical innovation, space data and remote sensing. It supports
20 countries to increase the robustness of their National Forest Monitoring Systems to
generate high-integrity forest data, in support of domestic policy and decision-making
as well as participation in emerging carbon accounting standards. Moreover, it initiates
relevant technical reports (e.g. FAO 2024). Going forward, this programme should be fol-
lowed closely (FAO, 2023).

Below-ground biomass

BGB refers to the carbon stored in living biomass in the soil, e.g. roots with >2mm diameter (Ravin-
dranath and Ostwald, 2008). BGB is a material carbon pool in forestry-type projects, accounting for
approximately 15 to 25% of a forest’s total living biomass (Haya et al., 2023). BGB is often not treated
as a significant carbon pool in carbon market methodologies, except when it involves woody bio-
mass. Non-woody BGB biomass may be selected or generally excluded (Gold Standard, 2024a; Verra,
2025h). None of the existing methodologies explicitly addresses reversals in BGB carbon stocks.
BGB may not be directly destroyed by wildfires and flooding but decay slowly if the forest does not
recover after the fire. Biomass burial is an activity that involves sequestering organic biomass, by
burying it in the ground or in submerged environments where decomposition is almost halted. By
placing biomass in anaerobic/anoxic conditions, the activity prevents microbial decomposition and
the subsequent release of CO, back into the atmosphere. The burial of biomass can be carried out
in shallow geological storage, an activity type already undertaken, is generating artificial below-

ground biomass stores. Its proponents argue storage can be assured for over 100 years (Zeng et al.,
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2024) (Gooding, 2026). Reversal risks arise from wildfires and other events that could compromise
or destroy the storage site; these risks generally decrease the deeper the storage is located. Isomet-
ric and Puro crediting programmes have published methodologies for this activity type. Isometric
mandates the answering of a reversal risk questionnaire for each project, and the resulting score
informs the buffer pool contribution (Isometric 2026). Puro.earth considers the technology having a
low to very low risk of reversal and states that sufficient mitigation measures can be applied to ad-
dress risks. The project proponents are asked to fill in a risk matrix calculating the risk with and
without mitigation measures, to demonstrate that risks are mitigated and to state the residual risk
(puro.earth 2023).

Dead organic matter

Deadwood and litter refer to carbon stored in litter,and dead trees, branches, logs, either still stand-
ing or lying on the ground. This carbon is released back into the atmosphere through decomposi-
tion, combustion (e.g., wildfires), or decay, but the process can take significant time depending on
environmental conditions and forest management practices. Deadwood and litter are included in
baseline emissions calculations of forestry-related methodologies. The CDM (AR-TOOL12) and VCS
(VMDO0002 / VMDO0003) provide modules to estimate deadwood and litter carbon stocks (UNFCCC
2015, Verra 2023). Project emission calculation usually excludes deadwood and litter assuming that
the project activity either increases or stabilises deadwood and litter. This is deemed conservative
and reduces transaction costs. Reversals of deadwood and litter carbon stocks are not specifi-
cally addressed in any methodology. Deadwood and litter are highly susceptible to wildfires and

flooding.

Soil organic carbon

SOC refers to the main component of soil organic matter, which is the portion of organic residues
in soil in various stages of decay (FAO, 2026). Soil represents the largest terrestrial carbon sink, stor-
ing roughly twice as much carbon as the atmosphere and about three times more than all vegeta-
tion combined (Ramesh et al.,, 2019), making SOC a highly relevant carbon pool for reversal risk as-
sessment of all biomass-related activity types. Risks differ according to soil texture and moisture.
Breure et al. (2025) see mineral-associated organic carbon (MAOC) saturation as the key parameter
for reversal risk in soils. SOC is highly sensitive to extreme weather events, including droughts, flood-
ing and windstorms, and temperature fluctuation, which can directly destroy soils (e.g., through
landslides and more gradual water and wind erosion), accelerate microbial decomposition and in-

crease soil carbon turnover rates (European Commission, 2011). SOC is especially vulnerable in areas
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where moisture is the dominant factor driving microbial activity, such as temperate and tropical

zones (Wang et al., 2019).

SOC in peatlands presents a different, higher-risk scenario. Peatlands are less prone to reversals due
to floods and heavy rainfall owning to their capacity to absorb vast amounts of water (Wetlands
International, 2025), but if they are lost, for example in severe drought events through burning, as
has been repeatedly the case in Indonesia, the losses are massive. For example, Page et al. estimate
that between 0.81 and 2.57 Gt of carbon were released into the atmosphere by Indonesian peat and
vegetation fires in 1997. This is equivalent to 13-40% of average annual global fossil fuel emissions,
contributing significantly to the largest single-year rise in atmospheric CO, recorded since monitor-
ing began in 1957 (Page et al., 2002). SOC of soils under mangroves is highly responsive to temper-
ature variation, salinity shifts, and more frequent storms (Lin et al., 2025); it can vary by an order of

magnitude in a small area (Yang and Ray, 2021).

Biochar is a form of charcoal produced by heating organic material and can be added to the soil.
Known as “terra preta”, biochar has persisted for millennia in otherwise impoverished soils in tropical
Amazonia (Gross et al., 2025; Palviainen, Hanssen and Laurén, 2025). Due to the technological read-
iness and comparable low costs, biochar production and use projects are currently the most attrac-
tive activity category for removals (CDR.fyi, 2025). Thus, all of the major carbon market programmes
are developing or have already approved biochar methodologies. The most common production

technology for biochar is the controlled pyrolysis of biomass (Meyer, Glaser and Quicker, 2011).

Generally, feedstock selection and pyrolysis temperature affect the biochar structure and thereby
the durability of biochar (Singh, Cowie and Smernik, 2012; Zhang, Ayyub and Fung, 2022), which can
range from decades to millennia (Lehmann & Joseph 2015, Budai et al. 2018). But also the soil type,
climate, agricultural management and bioactivity on the site where it is distributed can impact bi-
ochar mineralization (Fang, Singh and Singh, 2014; Lehmann and Joseph, 2015; Wang, Xiong and
Kuzyakov, 2016; Schmidt, Abiven and Hagemann, 2022; Zhang, Ayyub and Fung, 2022; Azzi et al.,
2024; Chiaramonti et al., 2024; Schmidt et al., 2025). By analysing the structure of the biochar in
laboratory settings and taking into account the average soil temperature of the area where soil in-

corporation will take place, the permanence of biochar can be calculated.

Both, the random reflectance Ro (measuring the inertinite maceral) (Sanei et al. 2024, 2025) and the
Hydrogen-to-Carbon (H/C) ratio can be used to determine the permanence of biochar by laboratory
analysis. Azzi et al. (2024) find that the H/C ratio indicating the structure of biochar is the best pre-
dictor for its durability, while soil temperature appears to be less relevant but should still be consid-

ered. Woolf et al. (2021) provide decay data for biochar based on the H/C ratio, pyrolysis temperature
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and the soil temperature at application site. The range of the estimated permanence fraction for
100 years is 0.54 to 0.89, while high pyrolysis temperature and low soil temperature positively affect
the permanence fraction. This data is applied in the decay function in the biochar CRCF methodol-

ogy and also used in the methodologies of VCS, Puro and CAR.

A direct reversal of biochar can occur if a wildfire leads to burning of the biochar in the soil. Such risk
is relevant in savanna-type environments with regular fires or in situations where agricultural resi-
dues are burned on the fields. However, in general biochar has a low flammability (Zhao, Enders and
Lehmann, 2014; Das et al., 2017) which is decreasing with increasing pyrolysis temperature (Das et
al.,, 2021, Shanmugam et al., 2022). Combustion risk can be further reduced by ensuring a minimum
depth of biochar disposal in the soil. Also flooding can wash out the biochar, which can lead to a

reversal by accelerated mineralisation when ending up in the hydrosphere (Fang et al. 2020).

All VCM methodologies and the CRCF methodology consider reversal risks of verified biochar
projects as negligible. Only Isometric requests a buffer pool contribution of 2% as this is their man-

|7v

dated contribution value for any “Very Low Risk of Reversal” activity, as which biochar is categorised.

All other programmes require no compensation measures or post-application monitoring.
Key considerations for reversal risk assessment for SOC

e SOC reversal risk should be assessed at project level, regularly re-evaluated due to high
spatial variability, and accompanied by site-specific mitigation measures to enhance SOC
stability (e.g. flood barriers, drought tolerant irrigation). Also, SOC reversal risks should be
spatially coupled with erosion and landslide susceptibility models (e.g., slope, soil texture, and
land cover) (Dialynas et al., 2016).

¢ Risk assessments for droughts must include soil moisture regimes, drought duration
and frequency, and observed SOC stock trends under prolonged water deficits (Liang et
al., 2021).

¢ Assessments should integrate flood and waterlogging hazard layers with site-level soil
data to estimate SOC loss through erosion, oxidation, or sediment export (Ran et al,
2023). Saltwater intrusion in coastal zones must be explicitly considered.

¢ Risk scoring should account for temperature-driven SOC decomposition rates calibrated
to projected climate shifts rather than historical baselines (Wang et al., 2023).

¢ There are no risk specific datasets available for SOC reversals on a larger scale (i.e. re-
gional or country-level). Hence, without further research, data on overall SOC changes in
the project area would need to be combined with databases on historic hazards and coupled

with future climate projections.
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e Substantial SOC stock datasets exist for certain countries and regions (e.g. FAQ's Soils Portal”
or the International Soil Reference and Information Centre (ISCRIC8)) but their suitability for
tracking SOC changes remains uncertain. To improve their credibility, updated sampling de-
signs, refined measurement protocols, and improved remote sensing and field data are re-
quired (Lorenz and Lal, 2016). Recently published studies provide approaches that could be
adapted for other countries and regions to improve risk assessment, e.g.:

o (Breure et al., 2025) developed the SOC risk index that helps assess EU-wide SOC risk by
using pedo-climatic clustering into 16 local zones (climate, productivity, pH, terrain).

o Aiteew et al. (2024) present an approach for predicting SOC changes by testing and re-
fining the MONICA (Model of Nitrogen and Carbon dynamics on Agro-ecosystems)
model, which is a process-based simulation tool for agro-ecosystems.

e Biochar production characteristics affecting risk mitigation, such as biochar structure and
pyrolysis temperature, should be monitored to ensure low flammability and sufficient per-
manence (Shanmugam et al., 2022).

¢ Anincreasing number of studies analyse the benefits of biochar distribution in forests (Li et
al., 2018; Johanis, Lehejcek and Tejnecky, 2022; Palviainen, Hanssen and Laurén, 2025) and on
grassland (Ohsowski et al., 2012). Compared to incorporation in soils, biochar distributed on
surface is less protected and more prone to reversal risks. While fire on grassland and
cropland has a short duration but can have high peak temperature, forests fire can have
lower peak temperature but are lasting longer, leading to a longer ignition duration for the
distributed biochar particles and more severely affected soil properties (Gomes et al., 2020;
Cheng et al, 2025). Biochar on uncovered and dry soils has a high risk of being subject to
wind erosion, leading to a transportation of biochar outside the project boundary (Silva et al,,
2015). To mitigate reversal risks, biochar should be incorporated into soils at a minimum
depth. Monitoring must ensure that the minimum depth of incorporation is applied. The de-
termination of a minimum depth that protects biochar from combustion for over 100 years
requires further research.

e A risk assessment should be applied on the projected area for biochar incorporation into
soils. Biochar should not be distributed in areas with significant risk of high temperature
combustion (e.g. volcano eruption) or with high likelihood that the biochar is washed-out

over time and transported to the hydrosphere (e.g. flood areas).

7 https://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/regional-and-national-soil34
8 https://isric.org/explore/
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Harvested wood products (HWP)

The IPCC defines the carbon pool HWP to account for CO, emission and removals arising from i)
wood utilisation in products, ii) wood biomass used for energy purposes, and iii) wood biomass in
solide waste disposal sites (RuUter et al., 2019). Several studies have developed approaches to meas-
ure HWP carbon balance (Skog, 2003; Claudia Dias et al., 2009) and to estimate HWP removal po-
tentials (Chen et al., 2008; Pilli, Fiorese and Grassi, 2015; Johnston and Radeloff, 2019; Matsumoto and
Kayo, 2022; Trauner, Asada and Stern, 2025). For carbon market activities currently the focus lies on

the use of HWP as construction material, classified as bio-based building materials.

Besides HWP, bio-based building materials also include products from agricultural feedstocks such
as bamboo, hemp or straw that store biogenic carbon in buildings (Yadav and Agarwal, 2021). Such
activities contribute both to an emission reduction (replacing emissions-intensive materials) and a
temporary storage that lasts as long as the infrastructure persists (Churkina et al., 2020; Priore et al.,
2026). Reversal risks are linked to the deliberate or unintended destruction of the building through

extreme weather events, geological catastrophes or human intervention (Priore et al., 2026).

None of the major VCM programmes has yet published a methodology on the use of bio-based
building materials. However, two small European crediting programs have already published meth-
odologies for such activities: The Climate Cleanup Foundation has developed a methodology for
using bio-based materials in the building sector in the Netherlands (Climate Cleanup Initiative,
2024). The Rainbow Standard has developed a methodology for crediting the production of bio-
based construction material and its use (Rainbow Standard, 2025). While the former counts storage
of over 35 years as removal, the latter requires 100 years. The average lifespan of a building in Europe,

65 years (Berglund-Brown et al., 2025), would be consistent with the average of the two.

The Rainbow Standard requires project developers to fill a risk evaluation template that assesses
the risk of reversal based on likelihood and severity of certain risks factors. This includes the natural
risks: fire, flooding, extreme temperature, earthquake. Both, likelihood and severity, have values on
a scale of 1to 5 assigned. Thus, buildings in high-risk areas for any of those natural hazards receive a
corresponding high-risk score. If a certain risk level is reached the project developer needs to submit

a mitigation plan and the contribution to the buffer pool is increased.
Key considerations for reversal risk assessment for HWP

e Methodologies for activities generating biospheric or geospheric carbon pools in buildings

need to consider the specific average expected lifetime of buildings in the activity area.
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Activities should be ineligible in areas showing high risks of destruction as per jurisdictional
natural hazard maps.
e Foreach project a risk assessment should be conducted evaluating the risk of unintended

deconstruction.

3.2.2, Geosphere
Table 6 summarises the reversal risk approaches of key carbon crediting programmes for geo-
spheric storage, including their risk taxonomy, carbon-pool differentiation, assessment methods,
and conservativeness provisions. There are two overarching types of geospheric carbon pools: (1)
CO, storage in geological formations and (2) CO, storage via mineralisation. The key difference be-
tween reversal risks associated with the two types lies in the different underlying trapping mecha-
nisms. Key risks for CO, storage in geological fomations are understanding the characteristics of the
geological site and (legacy) wellbore integrity, in addition to regulatory, political, financial and mon-
itoring requirements. More detailed information per programme can be found in ANNEX 1, Table A3.
Comparative overview of individual reversal risk factors are assessed across major carbon crediting

programmes for geospheric carbon pools.
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Table 6: Overview of reversal risk assessment approaches adopted by private carbon crediting programmes in the geosphere

Parameter

Description

Risk scope and taxonomy

Differentiation by activity
type and geospheric carbon
pool

Assessment of reversal risk

Assessment of reversal risk
likelihood, magnitude and
spatial scale

Transparency and documen-
tation requirements

Minimum time series require-
ments

Conservativeness and treat-
ment of uncertainty

Identification of risk-specific
mitigation measures

Aggregation rules and overall
risk rating

Climate change risk ampilifica-
tion / consideration

Risk thresholds or pass/fail
gates

Periodic review and update

How many reversal risk categories are defined and what types of risks are covered:
i) Activity finance / management; ii) regulatory/political/governance; iii) naturally induced; iv) human induced

All the carbon crediting programmes distinguishes risks for different CDR activity types (e.g. DACCS, BECCS, ERW)
and different geological storage pools (formations, mineralisation, products).

How each programme approaches the actual evaluation of reversal risk:
Using dedicated tools (Verra, GS4GG), questionnaires (ISO), or methodology-level freedom (Puro).

Whether carbon crediting programmes require characterisation of how likely a reversal is, how severe it would be,
and how geographically extensive. All programmes are required to do a risk assessment, only Puro indicates a matrix
of severity scoring.

All programmes require disclosing reversal risk assessments and pre-emptive and post reversal mitigation measures
as per their methodologies.

The minimum durability horizon over which carbon storage must be assured or modelled. The timing differs per
programme but are not required as monitoring periods. 100 years (GS4GG, Puro), 1000+ years (Verra, ISO, Puro)

How each programme handles quantification uncertainty:

Via uncertainty discounts (ISO (ERW)), conservative default assumptions (Puro), or prescribed analytical steps (Verra,
ISO, GS4GQG).

Whether the programme specifies concrete mitigation measures that PPs must put in place to address reversal risks.
All programmes set pre-emptive risk mitigation measures in their respective methodologies to lower the risk of re-
versal.

How individual risk sub-scores are combined into a single rating, which then determines the contribution to the
buffer/insurance pool. Aggregated (GS4GG, Verra) or fixed (ISO)

Whether and how increasing climate risks (more frequent extreme events, changing environmental conditions) are
factored into reversal risk assessments. Less applicable to geospheric carbon pools. A reversal will increase CO, in the

atmosphere, adding to further climate change.

Whether specific quantitative thresholds exist that render a project ineligible or trigger disqualification. Ocean stor-
age is ineligible (GS4GG), maximum risk rating values make projects ineligible (6.7% GS4GG, 7% Verra), if a reversal
exceeds 10% of the injected CO, volume for storage the project becomes ineligible.

How often risk assessments must be reviewed and under what circumstances they must be revised. Reviewed at
every verification (GS4GG), every 5 years (ISO), periodically (Puro, Verra). Revised every 5 years (GS4GG), with every
renewal (all programmes), after reversal occurred (all programmes).
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Reversal pathways in geospheric CO, storage

Carbon pools in the geosphere include saline aquifers, depleted hydrocarbon formations?®, ‘un-
mineable’ coal seams and (ultra)mafic’© rock - basalts or peridotites - where CO, reacts with natu-
rally occurring iron (Fe), magnesium (Mg) and, calcium (Ca)) - in porous rock below ground or in
crushed form above ground. Biomass buried in the geosphere also constitutes a (solid) carbon
pool, akin to naturally occurring processes of biomass burial in anaerobic conditions that in geolog-
ical timeframes generates coal. Non-biological building materials like concrete and cement can
also be deemed a geospheric carbon pool. For completeness, the hydrosphere also contains various
carbon pools related to activities associated with geospheric CO, storage, namely carbon dissolved
in the water building corals, and carbon contained in sediments on the seafloor. These are not
discussed further in this study. Activity types usually address one of these pools. DACCS and BECCS
fill one of the four first described pools as well as buildings materials, whereas crushed minerals are
targeted by ERW. Before any risk assessment can be performed, it is imperative to understand the
different geological CO, trap mechanisms which influence the level of risk. The CO, trap mecha-
nisms are categorised into physical, residual, solution, and mineral traps. Physical trapping hap-
pens when the CO; is injected into a physically distinct porous and permeable subsurface storage
site, either saline aquifer or depleted hydrocarbon formations and the CO; is trapped structurally
(by fault sealing or rock deformation (folds)). Residual trapping occurs where the capillary pressure
of the rock constituting the formation is significantly different from the overlying formation, which
prevents the CO, from moving upwards in the geological sequence of rocks (stratigraphy). Solu-
tion trapping happens when the CO, is dissolved into the formation fluid creating a new stable fluid
equilibrium between the formation minerals and its pores. Finally, mineral trapping occurs when
the dissolved CO; reacts with (in)Jorganic elements existing in the subsurface environment and so-
lidifies (Massarweh and Abushaikha, 2024).

% We note that geologists usually use the term “reservoir” but want to prevent an overlap of terminology be-
tween higher level “reservoirs” as defined in section 3.1 above and more distinct geological “reservoirs”.

19 (Ultra-)mafic minerals are silicate minerals or igneous rock rich in magnesium and iron. Their silicate content
classifies them into mafic (45% < SiO2 < 52%) and ultramafic (SiO2 <45%) minerals (as opposed to intermediate
and felsic minerals characterized by higher SiO, contents).
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Figure 3 shows the trapping processes as a trapping versus time for injection of CO; into subsurface
formations (A) and dissolved CO, for mineralisation (B). Mineralisation will cause the most stable and
permanent solution. If injected into formations like saline aquifers and/or depleted hydrocarbon
fields, mineralisation only happens after thousands of years, while for injection into calcium, iron

and/or magnesium rich ((ultra-)mafic) rocks this takes just months (Matter et al., 2025).
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Figure 3: Share of CO2 trapping mechanisms over time for direct injection into geological for-
mations (A) and for water-dissolved CO, for mineralisation after injection (B) (Source:
puro.earth, 2024)

Geospheric storage pools can thus be grouped those based on structural trapping (e.g. in saline
aquifers or depleted hydrocarbon formations; we use the term “(geological) formation” for the re-
mainder of this chapter) and those based on mineral trapping (e.g. via injection into deep (ultra-
Jmafic rock formations, in durable materials like concrete, or crushed materials dispersed at the sur-
face) we use the term “mineralisation” for the remainder of this chapter). The chemical process of
mineralisation can be used with different activity types and CO, storage options, which may bring
specific risks. We cover the following storage options, which are reflected in carbon market meth-

odologies:

In-situ mineralisation in (ultra-)mafic geological formations

Captured CO; is dissolved in water (solubility trapping) and pressed into sub-surface (ultra-)mafic

geological formations (typically basalt), where it reacts with the rock and is chemically bound in a
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stable carbonate mineral (mineral trapping) (Ernest Ansah Owusu et al., 2025). Technological meth-
ods to accelerate the natural mineralisation processes enable 95% mineralisation of injected car-
bonated water within two years. (Snaebjornsddttir et al., 2020) consider the risk of reversal from min-

eralised CO, negligible.

Ex-situ mineralization for CO, utilization and storage in concrete

Mineralisation is used to bind CO; in stable carbonate (CaCOs) and utilise it within cementitious
materials, typically as a building material. When used e.g. as construction fillers, the carbonate re-
mains stable and is neither thermally nor chemically decomposed. Storage may become non-per-
manent only under extreme conditions, e.g. in fires or during the product’'s end of life. Peer-re-
viewed studies confirm that CaCOs in concrete remains stable over millennia (pH 12+, <600°C)

(MROZ et al., 2025), with negligible reversal risk under typical operational scenarios.

Ex-situ mineralisation via Enhanced Rock Weathering (ERW)

Enhanced Rock Weathering (ERW) utilises a sped-up natural process, which binds atmospheric CO,
in (ultra-)mafic minerals. Naturally, rain reacts with atmospheric CO,, forming carbonic acid. When
reaching the earth, this acid reacts with the surface of (ultra-)mafic minerals on the ground to bind
the CO; as bicarbonate, a durable mineral. Eventually, the bicarbonate is washed to the seas and
stored there permanently. This natural process takes millennia due to the slow weathering of min-
erals, which is required to create new surfaces to react with the carbonic acid from rain. ERW dras-
tically decreases the time required for the process: Suitable minerals are grinded into a fine powder,
thereby maximising the surface for the aspired chemical reaction (see Don MacElroy, 2025). Silicate
powder is often applied to agricultural soils, where conditions for carbonation are optimal (Levy et
al., 2024).

Ex-situ mineralisation in mineral waste

In some activities (e.g. mining, waste storage) waste minerals accrue which can react with atmos-
pheric CO, and permanently store it in mineralised form. The processes relevant for this activity type
are basically the same as for ERW projects, with the difference that the materials reacting with CO;
are not applied to e.g. soils asin ERW, but stored in open or closed systems or used as a raw material.
The durability of geospheric carbon pools is generally much higher than that of biological ones.
However, reversal risks are not absent and differ significantly between pools and activity types. Note
that Table 7 provides a high-level overview only; specific risks are covered in the sections on specific

activity types, where applicable.
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Table 7: Key reversal risks in geospheric CO, storage pools

Risk Type Geological formation Mineralisation
(Reservoirs)
In-situ Utilisation Minerals on
(concrete) surface
Storage/de- Well design risks: Fracture prop- Destruction of
sign risks e Use of corrosive agation or mi-  buildings
material in well cro fracturing
design during injec-
e Cementtypeand tion
volume
Legacy wells:
e Number of wells
above/perforating
storage complex
e Level of plugging
and abandon-
ment
Natural (Re)activation of Changesin Destruction of Changesin
risks faults or fractures due geochemical buildings geochemical
to pressure increase parametersin through natu- parameters
in the formation or contact with ral hazards through inter-
earthquake acidic subsur-  (earthquake, action with
face fluids volcanic erup-  bio- or hydro-
tions, wind- sphere (e.g.,
storm, flood- low pH fluids,
ing, landslide,  degassing, bi-
..) ological pro-
cesses, ...)
CO, Migration along Temperature High temper-
stratigraphic layers increases due  atures above
to magma dis- 30°C when

mixing, plac-

ing and curing
or above 150°C
when in place.

placement

Risk assessment specific to storage in Geological formations

Saline aquifers and depleted hydrocarbon formations are constituted by porous and permeable
formation covered by an impermeable formation and bordered by sealing faults. Reversal risks can
be differentiated into seepage/leakage along well bores and through weak spots/faults in the

otherwise impermeable caprock/fault seal (Figure 4).
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Figure 4: Reversal risks of depleted hydrocarbon formations and saline aquifers (Li and Liu,
2016)

Geological site/formation characterisation

A geological model is a static 3D representation of the subsurface built from processed seismic data
and well information (Lobasov and Khrushchov, 2021), gridded along interpreted faults and popu-
lated with petrophysical properties such as facies, porosity and permeability. It is used for volumetric
calculations and well placement and is typically validated through uncertainty analysis
(low/base/high cases).

This static model is coupled with a dynamic model that updates as new data become available and
simulates CO, plume migration using numerical flow algorithms. Uncertainties arise from seismic
processing, grid discretisation and upscaling, which can amplify error in final predictions. To im-
prove confidence in post-injection behaviour and decisions on site closure and liability transfer,

models increasingly use higher-resolution grids and frequent time-lapse (4D) seismic, include
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thermal effects on CO, properties, and incorporate reactive geochemistry to capture dissolution and

salt precipitation effects on fluid-rock interactions and plume movement (Ringrose et al., 2022).

Faults and stratigraphic migration

Reversal risks through faults in the caprock are defined by vertical and horizontal movement
of tCO; in the formation. Studies on the CO, migration in the Sleipner field offshore Norway, which
has been injecting CO, since 1996 in the Utsira sandstone, shows that the CO, moves both vertically
and horizontally in the more porous and permeable intervals of the sandstone, formed by channel
fill sediments (Martinez et al., 2026). Old faults can be re-activated and microfractures initiated
through pressure increase from injection. Tectonic events like earthquakes and volcanic erup-
tions can happen and are classified as catastrophic events: While the risk is assumed low, the
impact is high. The volcanic and earthquake activity concentrates along the edges of plate bound-

aries, which should be part of the site characterisation.

Risks related to caprock

A good understanding of the geological history of the basin, tectonic setting, its formations, its pres-
sure and temperature curves and the geochemical nature of the formation and caprock can help
to mitigate this type of reversal risk. Geological modelling, especially regarding the formation’s pres-
sure, is the basis for assessing this reversal risk type. Careful site selection informed by modelling is
key for mitigation. Under Verra (Verra, 2025b), the GCS requirements state that all criteria for geo-
logical carbon storage are under regulatory control, including site selection with multiple confining
layers, formation characterisation, and well design. Under Gold Standard (Gold Standard, 2025e), the
COs plume area-to-mass ratio will be used for risk scoring. If this ratio is higher than 1, than more
CO, is to be stored than the space available which can result in over pressuring the reservoir and
breaking the caprock. Under (puro.earth, 2024) formations need to have multiple confining layers,
low permeability caprock, and minimal natural faulting. Isometric (Isometric, 2026) requires careful

site selection with low permeability caprock and multiple confining layers.

Well density and well design

(Alcalde et al., 2018) summarise leakage estimates over a period of 10,000 years from models cali-
brated using historical data from the oil and gas industry, natural gas storage, and natural CO, and
methane seepage. Discharge through or along wells can occur at injection wells or any other op-
erational or abandoned well in the vicinity of the storage complex. The associated risks can be di-
vided into well density (i.e.,, number of relevant wells above or perforating the storage complex) and
well design. Low well density limits potential leakage pathways from legacy wells, while aban-

doned wells, specifically those not properly plugged (orphaned wells), are associated with higher
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risk unless well-managed. Most reversal occurs early through human-made pathways, with aban-
doned wells posing the greatest risk (“straw effect”), but reversal rates decline over time as CO,

becomes immobilised through self-correcting processes (Figure 5).

Well-related reversal risks can be mitigated through proper well design according to state of
the art regulations (e.g., Class VI wells in the USA (EPA, 2025)). Measures include corrosion resistant
alloys for tubulars and casings, CO, resistant cement blends, a dual barrier system, a downhole
safety valve, zonal isolation systems and selective perforation intervals,amongst others. Verra (Verra,
2025b) requires maintaining wellbore integrity for the lifetime of the project, where wells are de-
signed following the EPA Class VI well standards (40 CFR §146.86) (EPA, 2025), as detailed in Appen-
dix 1 of the GCS non-permanent risk tool (Verra, 2025a). In addition, the integrity of legacy wells that
penetrate the storage complex is to be determined. Reservoir management demands for the injec-
tion pressure to stay below the original caprock fracture pressure, except close to the injection well,

where the injection point is not directly under the caprock.

Pressure recovery
Secondary trapping mechanisms
Confidence in predictive models

ENVIRONMENTAL RISK PROFILE

Injection Injection 2 x Injection 3 x Injection n x Injection
begins stops period period period
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Figure 5: Lifespan risk profile for storage in geological formations (Cames et al., 2024)

Under (puro.earth, 2024) the storage provider needs to show proof of legacy wells having been
plugged and abandoned or converted into CO; injection wells. The pressure in the formation must
not exceed the virgin pressure of the formation, except locally around injectors. The well design is

to follow the regulatory requirements of the jurisdiction where CO, will be stored. Isometric
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(Isometric, 2026) requires assessment of legacy wells, and those that pose risk need to be plugged

prior to injection. The design of the wells must have sufficient structural strength for the life of the

project. All surface casing must be below the potable groundwater level and cemented to surface.

Pressure must remain below caprock fracture pressure.

Key considerations for reversal risk assessment for CO, storage in geological formations

The migration along wells or geological pathways (stratigraphically or structurally) to the surface

equals a reversal. The risk can be assessed as follows:

¢ Geological static modelling of site and basin must include:

o

o

o

The geological setting of the reservoir and caprock

The depth of the reservoir and if it is sufficient for CO, to remain in supercritical phase
The petrophysical characterisation of the formation (facies, porosity and permeabil-
ity)

The geochemical signature of the reservoir and the caprock

The geomechanical parameters (pressure and temperature) of the reservoir and
caprock

The volume of the CO; that can be stored in the model

Assumptions and uncertainties of the model

¢ Dynamic reservoir model (applying the static geologic model as input) must include:

o

o

o

o

Flow behaviour

Connectivity in the formation

Where are baffles (flow interruptions)

Pressure changes

Fluid saturation

Change (from timelapse (4D) seismic imaging) matching against a fixed baseline of
initial pressure and fluid saturation

Assumptions and uncertainties of the model

¢ Well planning (as described above) must include:

o

Identification of legacy wells above and crossing the reservoir, and if they are properly
plugged and abandoned
Well design

=  Well location

= Depth of well

= Drill bits and casing sizes

= Depth of casing point

53



Managing reversal risk: Assessment, mitigation and compensation

persnectives""

clhimate research

=  Material of casing (corrosive proof)
=  Cement type (non-reactive to CO, or formation chemistry)
= Drilling mud (non-reactive to formation chemistry)
= |njection point (best in low part of reservoir, for it to move easily away from the
wellbore)
To decrease the risk of reversal further, the following is to be considered:
¢ Regulatory framework
o Permitting of subsurface pore space during exploration, operation and post closure
period
o Permitting of storage surface facilities
o Well design (e.g., licensing, closure of wells, material to be used)
o Liability during operations and liability transfer after closure
¢ Political stability of the jurisdiction where GCS is planned
e Sufficient financial means to cover for a reversal
o By the operator during operation and post-closure intervals.
o By the state in case of liability transfer post closure
¢ Monitoring plan, including post-closure monitoring, for identifying reversals
o Seismic 3D and 4D imaging (4D include the movement in time, which can identify if
the modelled geological and formation predictions were correct or need to be ad-
justed)
o Surface seismic or satellite remote sensing for early leak detection
o Well pressure and temperature gauges to identify injection plugging or mineralisa-

tion causing an injection barrier close to the well.
Risk assessment specific to mineralisation

In mineralisation, the storage durability depends on CO, mobility: converting CO, into solid minerals
greatly reduces leakage risk compared to fluid-phase storage in geological formations. However,
while CO; storage in carbonates is widely considered permanent (i.e., durability of millennia), decar-
bonation and reversal can occur under specific circumstances. The key risk types are heat and acid-
ity (low pH). The probability of these key risk types may differ based on CO, storage option.

For in-situ mineralisation, risks related to high temperature and (low) pH occur only in the period
in which the mineralisation has not yet been achieved (Kim et al., 2023). Given that full mineralisation
in basalt takes less than two years (Snaebjornsdoéttir et al., 2020), this reversal risk is not relevant in
the long term. Short term reversal risk can be reduced by keeping injection pressure balanced for

controlled fracture propagation. (Carbfix, 2022) requires comprehensive site characterisation
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(porosity, permeability, reactive minerals) to minimise reversal risk and then sees reversal risk <0.1%

per year.

Reversal risks for ex-situ mineralisation in grained rock, mine tailings and other waste minerals,
concrete and cement mainly relate to incineration (>800°C), exposure to strong acids (pH <4) (MROZ
et al,, 2025), fires in the built environment, or high-temperature closed-loop recycling of concrete
that compromises product integrity. In addition to reversal risks related to mineralisation in general
(i.e., extreme heat and low pH), if applied to soils, carbonates may be exposed to natural biological
and chemical processes. Thus, ERW and carbonated materials can lead to CO; being stored not only
in the geosphere (as carbonate), but also in the bio- and (when washed out) hydrosphere. Reversals
can occur in the soil (via cation retention, carbonate uptake, plant uptake of cations, and secondary
mineral formation); after run-off in rivers (via degassing and calcite precipitation); and eventually in
oceanic processes (via degassing, calcite precipitation and authigenic clay formation) (puro.earth,
2022b; Beerling et al., 2025). The programmes vary in their coverage of the four storage options de-

scribed above (sub-surface mineralisation, utilization in concrete, ERW, waste minerals).

In-situ mineralisation

GS4GG does not have a specific tool or methodology specifically targeting in-situ mineralisation.
The same applies to Verra. Isometric has a protocol dedicated to in-situ mineralisation (Isometric,
2025c). The risk of reversals is assumed to be very low based on the standard’s questionnaire. Rever-
sal risks due to high temperature and low pH are not mentioned. Instead, reversal risk is linked to
caprock, well stability and a very low possibility of methane production inside the storage reservoir,

without further assessing these risks.

Puro.earth’s “Methodology for geologically stored carbon” (puro.earth, 2024) covers both storage in
formations and via in-situ mineralisation without disaggregating the specific risks. The focus lies on
careful site selection (namely oversimplified modelling and potential chemical reactions) and oper-
ational risks related to CO, migration, wellbore and seal integrity, induced seismicity, fracture and
fault development and propagation, and unwanted chemical reactions affecting reservoir proper-
ties. The methodology suggests developing a project specific risk matrix based on risk severity and
likelihood. Project proponents are required to create, maintain and periodically update a compre-
hensive, scientifically justifiable risk assessment that is in line with puro “s general rules and stand-
ard. There is, however, no mention of risks specific to in-situ mineralisation, neither on high temper-

atures nor acidity.

Ex-situ mineralisation for utilisation in concrete
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GS4GG's approach to risk assessment in CO, stored in carbon excludes risky applications and/or life
cycles. This applies also to end-of-life (EoL) scenarios such as road use, landfilling, or reuse, which
must be shown to avoid CO, re-release (Gold Standard, 2024b). If permanence cannot be demon-

strated, the activity is discounted or excluded from permanent crediting.

Isometric (Isometric, 2024) applies conservative modelling approaches, which assumes worst case
scenarios (including extreme scenarios on fires, acid exposure and material transport), to ensure a
conservative approach. Operational monitoring ensures that full CO, mineralisation occurs during
production of cement. Project-specific data including regional exposure, asset types, groundwater
pH, and end-of-life pathways are assessed to justify CO, permanence. Puro.earth (puro.earth, 2022a)
treats carbonated materials as permanent storage if they remain solid and chemically stable. Pro-
ponents must ensure that this stability remains throughout the whole lifecycle by describing expo-
sure pathways during application (e.g., construction filler, landfill, reuse) and in a statement of end
use and/or disposal; mitigation plans are required for foreseeable scenarios. Verra (Verra, 2024a) fo-
cusses on mineralisation efficiency during the production phase by crediting only the mineralised

share of CO.,. Reversal risks after mineralisation, including at end of life, are assumed negligible.

Ex-situ mineralisation in grained rock (ERW)

Isometric (Isometric, 2025d) assumes that if ERW is applied at large scale in the future, marine alka-
linity may decrease as a consequence of increased carbonation, and residence time of dissolved
inorganic carbon (DIC) may be decreased, thereby elevating the risk of reversal. Currently, the rever-
sal risk is deemed very small. However, as the activity is associated with high uncertainty, the num-
ber of issued credits is decreased for conservativeness. Puro.earth (puro.earth, 2022b) requires pro-
ponents to assess potential reversal risks arising from natural processes leading to reacidification of
soils or water (i.e, a reversal risk based on acidity) and from anthropogenic interference, including
land use changes inducing ammonium-based fertiliser use, and industrial spills or mine drainage,

that lead to soil acidification. The identification of further reversal risks is left to proponents.

Ex-situ mineralisation in waste materials

Under Gold Standard, potential CO; losses and reversals from carbonated waste materials are mon-
itored via a combination of direct measurement (where possible) and modelling approaches. In ad-
dition, GS4GG requires the project developer to “document and include, as part of the PDD, appro-
priate evidence for all probable end-of-life scenarios of the carbonated product.” (Gold Standard,
2025b). This is to proof that there will be no significant risk for reversals at the end of the product’s
life. Unless this is proven, the CO; storage is considered non-durable. For a detailed reversal risk as-

sessment, GS4GG uses tool 6, which is also used to determine the buffer pool percentage at project
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level. The default for this activity type is 2.5%; the tests in the reversal risk tool may require a higher

buffer pool share.

While reversal risks are generally considered low or very low for carbonated waste materials, high
temperatures (> 300 °C) and exposure to low pH fluids can cause reversals (Isometric, 2025a). Iso-
metric's approach to reversal risks is based on an evaluation of the carbonated material “s storage
site. Their methodology defines three classes. For closed storage systems, reversal risk is deemed
negligible, and only the 2% buffer pool contribution is required. Open storage systems exposed to
environmental conditions are subject to an uncertainty discount determined on project level, in ad-
dition to the 2% buffer pool. The same applies for storage sites associated with a high risk of exposure
to high temperatures and/or acidic solutions, namely in mine tailings. This third storage category is

subject to stringent and detailed MRV requirements, too (Isometric, 2025a, Appendix I).

Key considerations for CO, mineralisation

The key reversal risks for underground storage (i.e., in formations and via in-situ mineralisation) are
related to caprock stability and wellbore integrity, as well as to potentially catastrophic events like
earthquakes or volcanic eruptions. To mitigate these risks, three aspects are critical: First, careful
site selection that avoids areas of increased seismic or volcanic activity and of vulnerable and/or
overly permeable caprock. Site-specific, detailed and conservative geological modelling of caprock
and formations must be applied to ensure the best possible reversal risk mitigation. Second, wells
must be managed and monitored with great care, including reliable oversight and regulation by
authorities to avoid orphaned wells and insufficient plugging of wells after injection. Measures to
ensure sufficiently long monitoring even after injection should be applied, although reversal risks
decrease with time. Third, the injection pressure must be managed well to avoid that rock is
cracked, opening cracks through which already stored CO, (which is in fluid state, i.e., prior to min-
eral trapping) may re-emit. Again, a good understanding of site characteristics, including modelling

of initial pressure of the storage rock, must be ensured.

Ex-situ mineralisation comprises a different risk portfolio: High temperatures and low pH can
cause reversals. Thus, programmes aim to avoid situations in which these conditions can be met.
Good practices involve the exclusion of risky life cycle pathways (e.g., certain end-of-life uses for
concrete based on mineralisation) from certification and avoidance and/or conservative treat-
ment of storage site (e.g,, larger buffer pool contributions required for open storage site in areas
prone to contact with low pH fluids). However, best practice would be to credit only storage sites
that are closed and not at risk of being contaminated with acids or high temperatures. As an exam-
ple, waste minerals from mine tailings should not be stored openly directly in the mining area,

where acids and high temperatures may occur. Some activities, namely related to spreading
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carbonated materials in the environment (e.g.,, ERW applications on soils) are subject to low MRV
ability and high uncertainty, with a multitude of known reversal risks along the pathway from ap-
plication to final storage in the ocean. Current approaches aim at either applying uncertainty dis-
counts (Isometric) or assessing a sub-set of risks that are related to low pH (puro.earth). Given the
low control on the carbonated materials pathway and life cycle, these approaches seem insufficient.
Both Isometric and puro.earth aim at quantifying “losses” caused e.g. by plant uptake or precipita-
tion of secondary carbonates and incorporate these into their removal calculations. However, chal-
lenges related to these losses’ monitoring and reliable quantification are large. Good practice calls
either for very strict conservativeness in the issuance of credits, or for excluding ERW until

uncertainties of reversal risks are reduced.

Table 8: Reversal risk for crushed material spread on soil (ERW)

Risk Type Sub-Risk puro.earth Isometric
Increased acidity Increased acidity due to no yes'
(lower pH) feedstock containing sul-
phide group elements
Neutralisation of acids other yes yes
than carbonic acids
Plant uptake of - yes yes
cations
Secondary silicate - yes
mineral formation
Precipitation of - yes yes
secondary car-
bonates
Losses from water  Rivers and lakes yes yes
systems (re-equili-
bration of car- Sl yes yes
bonate system)
3.3. Guiding principles for PACM reversal risk assessment

PACM's reversal risk assessment procedures should build on lessons from private carbon crediting
programmes but go beyond them by requiring a more science- and evidence-based framework

that builds on activity type-specific and, where feasible, carbon pool specific assessments that

"The Isometric ERW protocol references a module on ,Rock and Mineral Feedstock Characterization” (Isomet-
ric, 2025e), in which this risk type is addressed.
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reflect the distinct risk profiles of biosphere and geosphere storage. The same applies for the hydro-
sphere which has not been a subject of this report. In the following, we outline some guiding prin-
ciples for the PACM reversal risk assessment both in the respective tool and in mechanism meth-

odologies.

e Carbon pool-level specification within activity types: PACM's reversal risk assessment tool
will provide separate risk components for distinct activity types, reflecting their characteristic
hazard profiles, management regimes and monitoring options. Within each activity type, the
tool should provide guidance on identifying all carbon pools that are materially affected. Ad-
ditional reversal risk factors, i.e. those going beyond common financial, management and
social risks applicable across activity types, should be defined, to the extent feasible, at the
level of individual carbon pools, or at least be explicitly informed by pool-specific evidence
(e.g., separate treatment of AGB disturbance risk vs SOC erosion and land-use change risk).

¢ No undifferentiated activity-level scoring where pools diverge: Where carbon pools
within an activity type face clearly different hazard types, magnitudes or timescales, the tool
should not rely solely on a single undifferentiated activity-level risk score. In such cases,
pool-specific risk factors must either be quantified or, at a minimum, be reflected through
differentiated qualitative ratings and conservative aggregation procedures that prevent
high-risk pools from being masked by low-risk pools.

e Use of transparent, standardised scientific datasets and/or models: Additional reversal
risk factors should be anchored, wherever possible, in transparent and publicly accessible
scientific datasets and/or models. The tool should base hazard probabilities and potential
loss magnitudes on scientifically credible, spatially standardised data sources (e.g., global or
regional biomass datasets, fire probability models, flood and landslide layers, windthrow risk
maps, climate projections). Resorting to default values should be allowed only where such
data are unavailable or clearly inadequate.

¢ Risk mitigation-linked, conservatively credited risk reductions: Risk mitigation measures
should only lower assessed reversal risk where they are clearly defined for the specific hazard
or activity type, meet evidence-based design criteria and their implementation and perfor-
mance are independently verified over time. Any resulting risk reductions should be param-
eterised (e.g., within quantified adjustment ranges) and applied conservatively, avoiding
large downward adjustments based on untested or weakly evidenced measures.

e Conservativeness as a core principle: Where data are incomplete, heterogeneous or un-
certain, the tool's guidance should require conservative assumptions, transparently docu-
mented extrapolations and lower-bound durability estimates, rather than optimistic values.

Any use of default parameters must be clearly justified, based on the best available evidence,
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and demonstrably conservative. The same should also be enshrined in the tool as guidance
to define “negligible risk” at the methodology-level.

e Application of proportionality and tiered methods: The reversal risk assessment frame-
work should apply a tiered approach that matches methodological complexity to risk level
and scale. For high-risk activities, more data-rich, probabilistic methods should be expected,
whereas for lower-risk activities, simplified approaches may be acceptable, provided that
overall stringency is not relaxed below the “negligible risk” benchmark. To balance afforda-
bility and robustness, the tool should (i) define minimum information requirements and ref-
erence datasets or models that lower transaction costs, (ii) allow the use of standardised haz-
ard layers and pre-calculated regional risk factors where these are demonstrably conserva-
tive, and (iii) link any reductions in buffer contributions to objectively verifiable mitigation
measures rather than bespoke modelling for each individual activity. This principle implies
that the tool itself must first assess the relevant risk level and scale for each activity at the
reservoir level.

e Transparent and non-diluting aggregation of risks: Aggregation of individual reversal risk
factors should follow clear, transparent formulas that reflect potential interactions between
hazards (for example, drought amplifying fire risk) and avoid assuming full diversification
where hazards are correlated. Climate-related amplification factors should be applied where
multiple climate-sensitive hazards affect the same reservoir and activity type.

¢ Differentiated definition of “negligible reversal risk”: The reversal risk assessment tool
should provide indicative parameter ranges or reference values for this maximum percent-
age, differentiated by reservoir and activity type. Negligible risk must be underpinned by ro-
bust evidence that stored GHGs are stable or in a steady state over at least 100 years from
the time it is claimed, consistent with the Non-Permanence Standard: for biosphere reser-
voirs this includes explicit treatment of slow-onset processes (such as drought-related mor-
tality, gradual degradation and regeneration failure) alongside acute events, and for geo-
sphere reservoirs, careful analysis of site integrity, leakage pathways and monitoring confi-

dence.

Whilst these guidelines are important to be discussed, it will be important for all stakeholders in-
volved to also remain pragmatic. Overly stringent rules and requirements can affect the financial
viability of projects and could turn project developers away from the path of highest integrity. The
reflections in Box A2 on the value of temporal removals in regard to climate change amplification
factors and tipping points emphasise the need for strong benchmarks for permanence thresholds

and monitoring timelines over pragmatism.
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4.The role of insurance policies in addressing reversal
risks

The analysis in this section synthesizes available documentation as well as interviews conducted

with insurance industry stakeholders active in the carbon market.

Against the backdrop of ongoing discussion about the effectiveness and design of buffer pools —
particularly regarding their capital adequacy and the calibration of risk-based contributions — inter-
est is growing among carbon market stakeholders in exploring insurance as a complementary or
alternative mechanism to manage reversal risks. As outlined in section 2.5, in the context of PACM,
a concept note is exploring the alternative measures to compensate reversals. This will most likely

also include insurance policies and comparable guarantees.
Buffer pool challenges

Insurers note that severe or regionally clustered reversal events, such as large-scale wildfires, may
challenge the resilience of pooled systems by drawing down reserves faster than they can be re-
plenished, especially in areas already facing accelerating climate impacts. Buffer pools can also en-
tail opportunity costs for project developers, as a portion of credits must be set aside rather than
sold, which can weigh more heavily on smaller or early-stage projects with limited liquidity. Further-
more, the requirement to hold credits in reserve over long periods may create continuing liability
exposure while constraining the financial flexibility needed for project reinvestment or scale-up. Fi-
nally, because buffer pools operate on standardised parameters, they allow only limited tailoring to
individual buyer risk preferences or the diverse profiles of different project types and market partic-
ipants — highlighting the potential value of more adaptive and risk-responsive instruments within
the broader market architecture.

Insurance as a potential complement to buffer pools

The insurance sector has begun exploring ways to complement existing market compensation
mechanisms by introducing approaches to assessing and pricing reversal risks. In recent years, a
growing number of specialised start-ups and smaller insurers have entered this space, offering pilot
products designed to evaluate, price, and transfer various forms of risk. These instruments can, in
some cases, operate alongside or partially substitute for buffer pools, providing coverage for risks
such as reversal, invalidation, non-delivery or market volatility. However, these offerings remain at
an early stage, and their scalability and long-term integration into carbon market infrastructure are

still being tested.
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As in mainstream insurance markets, carbon market-related insurance operates in a highly regu-
lated environment where insurers must maintain sufficient capital reserves to reliably pay claims,
helping build market confidence in their ability to manage large-scale reversal events. Underwriting
relies on actuarially grounded analysis: insurers evaluate political and natural-catastrophe exposures
using established market databases, while specialised datasets assess carbon market-specific di-
mensions such as host country regulatory frameworks, historical credit delivery profiles, methodol-
ogies, and crediting programme rules. This generates project-specific risk ratings that determine
coverage terms and premiums, enabling a pricing structure far more closely aligned with the un-

derlying risk of each project taking into account its location.

Because premiums directly reflect underlying risk factors, insurance also incentivises project devel-
opers to implement risk mitigation measures. Developers can reduce premiums by improving fire
management, enhancing monitoring, or selecting less risk-exposed geographies, thereby encour-
aging higher-quality project design and execution. Furthermore, availability of well-structured in-
surance products can strengthen investor and lender confidence, reduce loan interest rates and
thereby helping mobilise capital for new projects and improving the financial viability of carbon
credit generation, particularly for projects requiring upfront investment or facing long development

periods before revenues start to accrue.

Insurance products in carbon markets are typically short-term instruments — often spanning one to
three years with renewal options - reflecting the need for regular reassessment of evolving hazard
conditions, regulatory contexts, and project performance. This approach mirrors conventional insur-
ance practice, where long-term exposures are managed through a sequence of annually renewed
contracts rather than single, multi-decadal policies. While such flexibility allows insurers to adapt
coverage to changing risk profiles, it offers less long-term certainty for project developers, who tend

to value the stability that current buffer pool arrangements provide.

4.1.Mapping of existing insurance products
A range of insurance products exists across the carbon market value chain to address different car-

bon credit-related risks:

¢ Delivery insurance protects developers, investors, and lenders against under-delivery or
non-delivery of credits, including risks linked to monitoring or verification failures.
e Cancellation insurance protects developers and buyers against the loss of issued credits due

to reversal events or certain forms of invalidation.
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o Buffer-depletion insurance provides programme-level protection when buffer pools experi-
ence large or unexpected losses, helping ensure the continuity of remedial capacity at the

programme level.

While most policies pay out in cash, some insurers also offer in-kind coverage by replacing credits
directly, according to the requirements of the programme. Under cash-settlement options, the pay-
out price is fixed upfront when the policy is bound, whereas under credit-settlement options for the
insured defines quality criteria that ensure “like-for-like” replacement (See box A4), meaning that
regardless of the activity type, one reversed unit is replaced by one unit of the similar characteristics.
Each approach has its practical advantages: cash payouts offer financial certainty to buyers, inves-
tors and lenders and gives them the flexibility to procure replacement credits themselves, whereas
in-kind settlements provide environmental integrity certainty by guaranteeing direct, like-for-like

replacement when required.

Table 9 below provides a brief overview of the emerging ecosystem of carbon credit insurance, with

a focus on reversal risk insurance:
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Table 9: Overview of emerging carbon credit insurance ecosystem

Organisation Organisa- Stakehold- Product name Key features
tion type ers targeted
CarbonPool Insurer Activity par- Carbon Reversal Insur- In-kind payouts via 1.1 replacement credits; recently ex-
(CarbonPool, ticipants, ance panded to cash payout due to liquidity constraints in high
no date) buyers, in- Carbon Shortfall Insurance quality units
vestors Planting Insurance Uses advanced environmental and weather modelling and
actuarial methods to create tailor-made risk models
Offers monitoring for reversal events on a regular basis
Estimates reversal insurance will have an annual premium
of <1% of the value of the insured carbon credits.
Participates in Verra's durability pilot
Kita (Kita, Insurer Activity par- Buffer Depletion Insur- Protects the established buffers and buffers being estab-
2026) ticipants, ance lished in the instance of unexpectedly high loss levels that
buyers inves- Non-Delivery Insurance might lead to a buffer depletion past comfortable levels.
tors, lenders Non-Payment Insurance Both in-kind and cash payouts
Counterparty Insurance Uses risk modelling, data analysis and MRV
Political risk Insurance Offer other bespoke products for managing reversal risks
Participates in Verra's durability pilot
Oka (Oka, Insurer Activity par- Carbon Protect Insurance Carbon Protect Insurance provides cash payout to buyers
2026) ticipants, Buffer Pool Risk Solu- in the event of unforeseeable and unavoidable post-issu-
buyers, in- tions ance risks, including reversal
vestors, cred- Corresponding Adjust- Offers bespoke products tailored to preferences of the in-
iting pro- ment Protect Insurance sured and can be tweaked to cater to activity participants
grammes Contract Risk Solutions Uses subject matter expertise, Al-enabled actuarial model-

Financial Risk Solutions

ling
Backed by Lloyd's
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Organisation Organisa- Stakehold- Product name Key features
tion type ers targeted
Cfc (Cfc, 2025, Insurer Activity par- Carbon Delivery Insur- Carbon Delivery Insurance caters to companies purchasing
2026, 2026) ticipants, ance NbS credits on forward basis to mitigate non-delivery from
buyers, in- Carbon Cancellation In- any cause
vestors, lend- surance o Policy period: 36 months maximum, to capture maturity
ers Carbon Lender Insurance month
CORSIA Guarantee o Policy limit: 100% of investment — capped at USD 25 mil-
lion per project
Carbon Cancellation Insurance safeguards purchased cred-
its against credit invalidation or reversal.
o Policy period: 12 months maximum, annually renewable
o Policy limit: 100% of investment — capped at USD 25 mil-
lion per project
Underwriting based on open-source information; selection
criteria ranges across several factors: reliability, additionality
and location
Ability to create bespoke products for activity participants
Howden Broker Activity par- Carbon Insurance Carbon insurance covers reversal risk. Howden provides be-
(Howden, no ticipants, Carbon Capture and Stor- spoke solutions for client tailored to client exposure, risk
date) buyers, in- age Leakage Risk insur- appetite and broader risk management and financing
vestors ance strategy
First-of-its-kind insurance facility covering the leakage of
CO, from commercial-scale CCS facilities
o Designed by Howden, led by SCOR's syndicate at Lloyd's
o Provides cover for environmental damage and loss of
revenue arising from sudden or gradual CO2 leakage
WTW (WTW, Broker Buyers, in- Post-delivery risk insur- Post-delivery risk insurance provides financial protection
2026) vestors, lend- ance against invalidation of carbon credits, non-permanence

ers

Credit non-payment insur-
ance & carbon non-deliv-
ery insurance

and reversal events.
Ability to provide tailored support to clients to manage car-
bon credit risks and opportunities
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Organisation Organisa- Stakehold- Product name Key features
tion type ers targeted
e Political risk insurance
e EU ETS & Fuel EU protect
AON (AON, Insurer/Bro- Activity par-  Carbon Capture and Storage e Provides capacity for physical risks, loss of revenue and
2024) ker ticipant insurance general liabilities for large-scale projects;

e Bespoke coverage that responds to issues with storage res-
ervoir integrity, including loss of revenue;

e |Indemnity for loss of tax credits or requirements to pur-
chase carbon credits associated with a leak of CO, from the
carbon storage facility;

e Placement with A- or higher-rated insurers, predominantly
in the London market.
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4.2. Enabling environment for insurance products
Current conditions only partially support the scaling of insurance and guarantee products. Insurers
cannot underwrite contracts for several decades - as would be required to cover reversal risks for
durations of 40 to 100 years, due to capital reserve requirements and the inherent uncertainty of
long-term risks. Therefore, most insurance contracts are annual, or at best run for a few years, with
premiums adjusted regularly as underlying risks change. In contrast, the ICVCM'’s work on perma-
nence has highlighted that credible management of non-permanence would require products with
tenors of 40 years or more, a duration that is not commmon in insurance markets today. This misa-
lignment between permanence expectations and actuarial feasibility restricts the supply of in-
surance products and discourages both insurers and project developers from relying solely on in-

surance as a risk management tool.

In this context, a central design question for programmes and regulators is whether a sequence
of shorter term, renewable insurance contracts can be regarded as an acceptable way to manage
long term reversal risk, and under which conditions such an approach might be preferable to, or
complementary with, buffer pools. Short term contracts renewed on a rolling basis offer flexibility
and allow premiums and coverage to be updated as science, data and climate impacts evolve. How-
ever, they also expose projects to renewal risk (e.g., rapid premium increases or withdrawal of cov-
erage in response to climate driven loss trends), similar to what is observed in high-risk property
insurance markets. This argues for a cautious, incremental approach: frameworks should
acknowledge the current limitations of insurance policies, allow space for the sector to develop, and
start with combinations of tools that are workable now, while planning to raise ambition as markets,

data and regulatory experience deepen.

Another major consideration is moral hazard. Insurance can only function if it does not undermine
the incentives of PPs and other actors to minimise reversals. In practice, this means that policies
held by project developers typically cannot cover losses that arise from their own negligence or in-
tentional misconduct and must instead focus on unavoidable risks. Experience from other insur-
ance lines shows that contract design is critical to mitigating moral hazard, but these lessons have
not yet been fully translated into the carbon market context. Before embedding insurance more
deeply into permanence frameworks, there is a need to learn from this broader body of practice,
and to analyse how different insurance designs affect behaviour and incentives across project de-

velopers, buyers, intermediaries, and host governments.

Market demand conditions and regulatory signals will strongly influence whether such products
emerge at scale. Carbon insurance is a very new segment: policies have only been broadly available

since around 2023, providers are still predominantly specialised startups, and large incumbents or
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reinsurers are not really engaging. Demand is currently concentrated in the VCM and in specific
niches, such as transactions linked to large institutional investors or schemes like CORSIA. To create
a stable demand base, carbon crediting programmes and regulators can: (i) integrate insurance into
their rules in ways that are codeveloped with insurers; (ii) avoid overly prescriptive criteria that are
incompatible with insurance regulation or business models; and (iii) gradually expand the range of

eligible tools (e.g. buffer-plus-insurance, permanence funds) within clear, predictable guardrails.

Early observations from stakeholders in the insurance market indicate that demand from project
developers is nascent and concentrated among mid-sized projects. Larger projects have shown lim-
ited interest as the cost of insuring high issuance volumes is significant, while smaller projects,
which are already financially stretched, struggle to justify the additional premium expense. Looking
ahead, demand is likely to grow as compliance mechanisms such as CORSIA and PACM formalise
insurance as an eligible tool, but without a clear regulatory signal requiring or incentivising its use,
uptake is likely to remain modest. A deliberate policy push, such as requiring insurance as a condi-
tion of credit issuance within clear guardrails or offering premium subsidies for smaller projects,

may be needed to move the market beyond its current niche.

Liability structures pose another major obstacle. Most carbon crediting programmes assign long-
term liability almost entirely to project developers, despite the fact that developers may not exist for
the full duration of the commitment and that buyers, investors, registries, and host governments
also benefit from credited mitigation outcomes. Such misallocation complicates underwriting and
heightens the likelihood of coverage gaps, making insurance less attractive and less scalable as a

standalone mechanism.

Institutional infrastructure also remains a barrier. Insurers require high-quality, accessible, and
standardised data for underwriting, such as MRV outputs, hazard information, project documenta-
tion, and historical reversal records. Yet carbon crediting programmes have not yet systematically
collected such data or if they have not make them available to third parties. The absence of open,
standardised and advanced depositories of such data linked to carbon market registries slows un-
derwriting processes and restricts insurers’ ability to scale capacity across diverse geographies and
project types, increasing both friction and cost in the market. Relatedly, transparency around rever-
sals and applied remedies remains uneven. Without consistent histories of past loss events or clarity
on how standards have previously handled them, insurers find it difficult to accurately determine

risk ratings, which could potentially raise premiums or deter the development of novel activity types.
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4.3. Reflections and recommendations
The insurance sector brings substantial analytical capability to reversal risk assessment, leverag-
ing high resolution hazard modelling long used in property markets to evaluate localized fire,
drought, storm, and geological risks with greater precision than generic approaches. This enables
more accurate and equitable allocation of reversal liabilities to specific projects and locations, and

the same actuarial methods can inform risk-based buffer pool contributions, not just insurance

pricing.

Experiences from the property insurance sector, particularly recent wildfire events in California,
demonstrate that hazard conditions can shift rapidly and dramatically. As climate change-related
impacts intensify, insurers have raised premiums sharply or withdrawn entirely from high-risk re-
gions. The same dynamics could affect carbon market projects, especially forestry projects exposed
to increasing fire, drought, or pest risk. Climate change may outpace underwriting models and cap-
ital reserves, rendering premiums volatile and, if climate change impacts accelerate further, making
certain regions effectively uninsurable. Obviously, buffer pools would face the same challenge —they
would be rapidly exhausted in the face of accelerating climate change impacts. Smaller, specialist
carbon insurers stress their ability to adjust more quickly than traditional insurers (e.g., by updating
risk models or reshaping covered perils at policy renewal), but long-term ability to offer contracts

still hinges on whether risk can be repriced as fast as climate change impacts rise.

Short policy durations also pose a challenge. Most carbon market policies sit in the 1-3-year range
(often renewed annually). Multi-year policies beyond this range are rare because insurers cannot
lock capital to back claims for decades, nor can they reliably forecast reversal risks over such time
horizons. Unlike the property-insurance and life insurance sector, which benefit from deep historical
datasets, stable actuarial assumptions built up over generations and large, diversified pools of capi-
tal, carbon-market insurance remains far less mature and currently lacks the scale needed to guar-

antee long-term continuity.

Affordability remains a persistent challenge. Premiums, although risk-based and more economi-
cally rational than buffer contributions, may still be unaffordable for smaller or high-risk projects.
Rising climate hazards could accelerate premium increases, potentially rendering insurance inac-
cessible in certain regions. These dynamics indicate that insurance might be more viable for larger,
well-capitalised activity developers, who can absorb volatility, invest in mitigation to lower premi-
ums, and commit to renewal programmes while smaller or community-based projects will struggle
with upfront costs and maintaining continuous cover. Support measures, such as government sub-

sidies, or hybrid models, may be required for such projects to be able to secure continuous coverage.
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Where premiums exceed project margins, insurers may also carve out perils or narrow scope to

keep costs viable, eschewing “full-coverage” policies.

Market participants also highlight the issue of selection effects. If low-risk projects disproportion-
ately choose insurance while high-risk projects remain in pooled buffer systems, pressure will grow
on buffer fungibility, solvency and fairness. This reinforces the case for updating buffer pool design
to include improved activity-specific risk-based contributions and for specifying clear interaction

rules between insurance and buffer systems within hybrid permanence frameworks.

A number of cross-cutting considerations shape the feasibility of expanding insurance use. Relying
on regulated insurers helps build trust, as these entities must hold sufficient capital to pay claims
and comply with prudential standards. Equally important is the need for clear operational defini-
tions, including what constitutes a loss/reversal, which events trigger a payout, and how avoidable
versus unavoidable risks are distinguished. These elements are essential both for underwriting in-
tegrity and for maintaining environmental credibility, ensuring that insurance does not inadvert-
ently weaken project developer incentives to minimise avoidable reversal risks. At the same time,
the carbon insurance ecosystem is still young. A pragmatic approach is therefore to begin with
workable, narrowly scoped coverage, and gradually expand as data quality improves, actuarial con-

fidence grows, and overall market capacity matures.

To sum up, insurance offers precision, incentives, and regulated capacity for well defined, time-
bound reversal risks. However, given the shortcomings of existing insurance policies for reversal
risks, many stakeholders view hybrid architecture as the more feasible and preferred approach.
Under such a model, insurance would cover specific, short-term, unavoidable risks, given insur-
ers’ inability to insure avoidable or negligence-related reversals or to offer very long-term guaran-
tees, while buffer pools and government guarantees would cover broader or long-tail risks that
fall outside insurers’ underwriting capacity. With clearer liability rules, better data infrastructure,
calibrated buffer design, and affordability measures, the combined system can deliver higher integ-
rity and more stable investment conditions than any single tool alone. Care should be taken to pre-
vent an adverse selection dynamic, in which lower-risk projects opt for relatively inexpensive insur-
ance coverage while higher-risk projects remain concentrated in buffer pools. Over time, both in-

struments may face growing strain as reversal risks increase due to accelerating climate impacts.
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5. Deep dive: Permanence requirements in the EU

5.1. Assessment of CRCF certification methodologies
The EU CRCF sets up a framework to certify carbon removal and carbon farming activities in the EU.
It distinguishes between three categories: permanent removals, carbon farming activities, and car-
bon storage in products. Activity types ex ante categorised as permanent removals are: DACCS, Bi-
oCCS, biochar, Enhanced rock weathering (ERW), ocean alkalinity enhancement, direct ocean cap-

ture with carbon storage and other solutions that lead to permanent storage of carbon.

Carbon farming activity types realising removals include:

¢ Rewetting and restoring peatlands and wetlands to reduce carbon oxidation and increase
carbon sequestration,

e Agroforestry and mixed farming, integrating trees or shrubs with crop and/or livestock man-
agement,

¢ Implementing soil protection measures like catch crops, cover crops, conservation tillage,
and hedgerows,

e Reforestation respecting ecological principles for biodiversity and sustainable forest man-

agement.

Examples for carbon storage in products under the CRCF include:

e Durable wood-based construction materials,

e Durable carbonated in products, e.g. concrete.

In the following, we discuss the approaches to reversal risks as formulated in the methodologies.
Note that the analysis is based on currently available draft versions, as neither of the Delegated Acts

(and, thus, the methodologies) are operational as of March 2026.

5.1.1. DACCS and BioCCS
For DACCS and BioCCS, the methodology (European Parliament, 2026) refers to the CCS Directive:
“The CO; captured by the activity shall be injected in an operational geological storage site permit-
ted under Directive 2009/31/EC and operators of storage sites used by DACCS and BioCCS activities
are liable for any release of CO, from permanent geological storage under the rules set out in Article
16 of Directive 2009/31/EC." ((European Parliament and European Council, 2009), p. 69). Key aspects

governing reversal risks in this Directive are covered below and summarised in Table 10.

In the CCS Directive, reversals are covered in Article 16 on “Measures in case of leakages or significant

irregularities”. It states that the operator of a storage site must notify the competent authority (i.e,,
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member states and/or sub-national administration) and apply “the necessary corrective measures”"?
if leakage®™ or significant irregularities' (i.e., reversal or increased risk thereof) occur. A plan contain-
ing those measures is to be submitted during application for a storage permit (Article 7(7)) and in-
cluded in the permit itself (Article 9(6)), along with the obligations to (1) notify authorities and (2)
apply the corrective measures plan in case of a reversal or significant irregularities. Requirements
regarding the monitoring plan (referred to in Article 13(2)) are formulated in the CCS Directive's An-

nex I, including on leakage detection (Annex II, 1.1 1).

With the reference to “competent authorities”, the CCS Directive puts the responsibility regarding
details on measures to be taken, if reversals occur, onto member states and their national legislation.
The European Commission may review permit applications (including the corrective measures plan)
and issue a non-binding opinion. The final decision on permitting storage is taken by the competent
authority (Article 10).

In addition to notifying the competent authority pursuant to the CCS Directive, the storage site op-
erator must also notify the competent authority pursuant to the ETS Directive (European Union,
2024) in case of leakages or significant irregularities (Article 16(1)). As CO, storage operators are reg-
ulated under the ETS Directive, they must surrender allowances for any leakage emissions of unde-

termined or fossil fuel origin.

Once a storage site is closed, operator liability persists for a minimum of 20 years before it may be
transferred to the competent authority (Article 18). Transfer requires evidence that "all available evi-
dence indicates that the stored CO2 will be completely and permanently contained", proof of site

sealing, and a financial contribution sufficient to cover at least 30 years of post-closure monitoring.

To ensure consistent implementation across Member States, a set of Commission Guidance Docu-
ments (European Commission, 2025¢, 2025d, 2025e, 2025f) further specifies how competent author-
ities should apply the Directive. Guidance Document 1 introduces an as-low-as-reasonably-practi-
cable (ALARP) risk management framework: operators must submit a site-specific risk matrix clas-
sifying all identified risks by likelihood and impact, and the aggregate risk profile must not outweigh

project benefits. The risk assessment proceeds through three sequential steps — hazard

2 Corrective measures are defined as ,any measures taken to correct significant irregularities or to close leak-
ages in order to prevent or stop the release of CO2 from the storage complex” (Article 3(19)).

3 Leakage is defined as ,any release of CO2 from the storage complex” (Article 3(5)).

4 Significant irregularities are defined as ,any irregularity in the injection or storage operations or in the condi-
tion of the storage complex itself, which implies the risk of a leakage or risk to the environment or human
health” (Article 3(17)).
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characterisation (identifying leakage pathways such as caprock failure, well integrity loss, and fault
reactivation), exposure and effects assessment (determining the extent to which people, ecosys-
tems, and the environment could be affected), and risk characterisation (integrating hazard and
exposure findings into an overall risk profile) — and must be updated iteratively as monitoring data
evolve. Guidance Document 2 requires site characterisation through three-dimensional geological
modelling, dynamic injection simulation, and hydrogeological analysis, and mandates a corrective
measures plan covering key failure scenarios (CO2 migration outside the storage zone, pressure
build-up, groundwater contamination, and legacy well integrity) with identified responsible parties
and intervention methods. Documentation of all corrective actions must be reported to the com-
petent authority, and both the monitoring plan and the corrective measures plan must be updated
on an ongoing basis The draft CRCF methodology relies heavily on the existing EU CCS Directive
framework for managing permanence including permitting, monitoring, reporting obligations, cor-
rective measures, and operator liability. Long-term responsibility transfer to the competent author-

ity is possible only after a minimum monitoring period and proof of stable containment.

Our assessment highlights that reversal governance for geological storage is relatively robust com-
pared to other CRCF methodologies because it builds on a well-established regulatory system
around the CCS Directive. However, it depends strongly on consistent implementation by national
competent authorities. Differences in monitoring rigor or enforcement could introduce unintended
variability and quality criteria across Member States. Moreover, the CRCF itself adds limited harmo-

nised rules on how leakage events affect certified removal units.

5.1.2. Biochar
The CRCF methodology classifies biochar as having a low reversal risk and no buffer pool contribu-
tion or other remediation liability is requested. Moreover, it only mandates monitoring until the end
use of biochar is verified. By verifying that the biochar has been incorporated into cement, concrete
or asphalt, or has been applied to soils compliant to the regulation, the monitoring responsibilities
are satisfied. In case the application to soils cannot be supervised by a representative of the certifi-

cation body, site access must be granted for one year to monitor the biochar application.

This approach is criticised by NGOs and think tanks (Bellona, 2025; Fallasch et al., 2025; Hernandez,
2025) as soil type, temperature, moisture, and agricultural management affect the stability and per-
manence of biochar applied to soils, and that significant reversal risks exist, see discussion in section
3 above. While the stopping of monitoring is also proposed in the Isometric biochar methodology
which states that “based on present understanding, reversals in Biochar storage will not be directly
observable with measurements and attributable to a particular project”, and there is agreement

that long term monitoring of biochar permanence in soils is complex and costly for each individual

73



Managing reversal risk: Assessment, mitigation and compensation IIBI'SIIEI:“HBS‘/$
climate research

project (de la Rosa et al., 2018; Chiaramonti et al., 2024, Schmidt et al., 2025), this is no valid reason
to just ignore these reversal risks. The permanence fraction of biochar as percentage Fperm in the
CRCF methodology can be calculated by applying the decay function assessing the hydrogen to
carbon ratio (Azzi et al., 2024) and the random reflectance Ry (also called “inertinite benchmark”)
(Sanei et al., 2024, 2025). While calculating Fperm by the hydrogen to carbon ratio is already consid-
ered conservative and is valued O in the uncertainty assessment, the random reflectance approach
needs to apply a conservativeness factor of 2.5% when calculating uncertainty. However, both of the
CRCF methodology’s approaches to measure whether stable forms of biochar are produced are un-
able to address actual reversal risks in the activity. Overall, it seems that the biochar methodology is

not addressing reversal risks properly.

Besides the application of biochar in soils, the CRCF methodology allows the incorporation into ce-
ment, concrete or asphalt. Also, for these applications no monitoring is required after the building
material has been produced, which again is not state of the art. As a benchmark case, the Isometric
biochar methodology explicitly emphasizes the high uncertainty in locating construction materials
as they can run through many different use cases throughout their life cycle and requires applica-
tion of uncertainty discounts that account for degradation of biochar in construction materials
throughout their life cycle (e.g. abrasion from asphalt). Reversal risk might increase in future if closed
loop recycling under high temperature, in which biochar particles in construction materials would

be combusted, becomes a more common technology.

Biochar stability varies depending on feedstock, pyrolysis temperature, and environmental context
(e.g. priming effects). In soils, degradation rates can differ substantially and mineralisation of a frac-
tion of carbon may occur over years or millennia. However, stability of carbon in biochar can be af-
fected by the production process, and production and monitoring requirements shall ensure that
biochar stability is guaranteed for a certain time period. In case the production requirements are
fulfilled, biochar is a material with low flammability. Thus, the current draft methodology classifies
the credited stable fraction of biochar as having negligible reversal risk and therefore does not re-
quire buffer pool contributions. Monitoring is limited to verifying the end use of the biochar (e.g., soil

application or incorporation into materials) and ending afterwards.

The lack of post-application monitoring means that biochar permanence must be verified ex-ante.
Without continued monitoring, underestimation of biochar mineralisation or reversals resulting
from natural hazards after application will not be observable. This seems not aligned with a precau-
tionary approach, given that uncertainty and research needs on the impacts of environmental con-
ditions on biochar permanence remain. These issues could be addressed by introducing risk-based

monitoring frequencies and establishing liability or buffer mechanisms for post-crediting reversals.

74



Managing reversal risk: Assessment, mitigation and compensation

persnectives"‘.

clhimate research

Table 10: Assessment of DACCS, BECCS and Biochar

Field Aspect DACCS and BECCS Biochar
Reversal Risks coveredinap- Yes No formal risk as-
risk as- plication of meth- sessment is required
sessment odology because biochar is
deemed to be inert
and stable once ap-
plied
Risk quantification = Three-dimensional static geological Not applicable; bio-
method (e.g., quali- earth model of the storage site, its char is considered
tative/quantitative surroundings, connection to transport  low risk for reversal.
model, resources, infrastructure is mandated. Site char-
evidence) 2 please  acterisation and modelling of plume
describe it in detail  behaviour including leakage, plume
migration, well failure and external
disturbances are used to quantify
storage risks and buffer requirements.
Risk eligibility Principle-based approach, activities Carbon quality
threshold (if appli- that cannot demonstrate compliance checked via iner-
cable) with the required principles shall be tinite assessment
ineligible for certification (reflectance = 2%)
and decay function
(H/Corg < 0.7) to en-
sure it is resistant to
decomposition
Risk mitigation Careful site selection, plume model- Total biochar appli-
measures ling, continuous monitoring, and cor-  cation capped at 50
rective actions. Activity developers t/ha cumulatively
must provide financial security and over time
buffers with credit cancellation if re-
versal occurs. Responsibility stays with
developer until long-term stability is
proven
Monitor- Parameters moni- Minimum requirements relevant for Monitoring must fol-
ing (dur- tored (carbon pools, reversal risks: reservoir temperature low EU soil health
ing and performance indi- and pressure (to determine CO, phase and monitoring leg-
after cators) behaviour and state) in CRCF meth- islation
crediting odology, however stringent monitor-
period) ing requirements in the CCS di-

Monitoring fre-
guency

Duration of post-
crediting monitor-

ing

rective.

Intermittent (not specified) for certain
parameters (e.g., 4D seismic), and
continuous for others (e.g., tempera-
ture and pressure on the wellbore)
Required for at least 20 years

Soil carbon content,
biochar decay indi-
cators, and biochar
quality.

Monitoring of bio-
char required for one
year after it being
applied to soils or
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Conserv-
ativeness
and un-

certainty

Reversal
manage-
ment and
compen-
sation

Uncertainty treat-
ment (deductions,
discounting)

Liability mecha-
nism (Y/N)

Temporary credit-
ing (Y/N)

Insurance or buffer
pool mechanism
Baseline updating
after reversal

The conservatism factor (CF) is ap-
plied to reduce the total credited CO,
to account for quantitative uncer-
tainty. Uncertainty from measured,
estimated, or default data for CO,
captured, transported, and stored.
Yes

No
No

No

until being incorpo-
rated in products
The random reflec-
tance method re-
quires an uncer-
tainty calculation ap-
plying a conserva-
tism factor (2.5%).

No

No
No

No
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5.1.3. Carbon farming methodologies
The CRCF methodology includes requirements for three carbon farming activity types, namely:
peatland restoration through rewetting, planting of trees and agroforestry and soil management of
agricultural mineral soils including improved fertiliser use. For each of them, different reversal risk

assessment, monitoring and liability requirements are stipulated (see Table 11).

The CRCEF risk rate calculation, which determines the share of buffer pool credits to allocate to the
buffer pool, primarily focuses on specific climatic and management risks triggering reversals. This
approach overlooks political, project management, financial and market risks, crucial for accurately
identifying high-risk projects and required under most carbon crediting programmes. The parent
regulation EU2024/3012 has a strong quantification element, everything in the methodologies
needs to be measurable, verifiable and consistent across member states. Non-physical risks are
qualitative rather than quantitative. The regulation explicitly states the minimisation of administra-
tive and financial burden on operators (Art8.3.h 2024/3012), where non-physical risk (mitigation) can

cause small farmer projects to become financially unviable (EU, 2024).

While disturbance events like wildfires; storms; biological and insect outbreaks; and extreme cli-
mate events are explicitly mentioned in the methodology, other significant risks, such as landslides
and volcanic eruptions, are not mentioned, potentially leaving them unaccounted for in reversal risk
calculations and buffer pool credit allocations. On activity type level requirements, the risk assess-
ment uses a binary hazard-vulnerability framework approach, where relevant factors (e.g. disturb-
ance events of the past 30 years combined with the water exploitation index (peatlands) or species
suitability for afforestation/agroforestry are included. However, critical information on climate
change projections is not consequently taken into account, which can significantly exacerbate re-
versal risks. This aspect is only considered for tree species in agroforestry and afforestation activities.
Further, the magnitude of past carbon losses is not considered, except for activities covered under
agriculture on mineral soils, where soil organic carbon (SOC) change has to be estimated for the
past 10 years and combined with carbon saturation, is used to calculate the overall risk level. This is

also the only activity type, for which a carbon pool specific risk (i.e. solely SOC) is assessed.

Arisk eligibility threshold for high-risk projects (according to the risk assessment) is only defined for
afforestation, peatland rewetting and conservation and agroforestry, with no such thresholds estab-
lished for other agricultural activities. This approach is not aligned with conservative approaches
under carbon crediting programmes. Moreover, the mitigation measures are described using vague
“factors” such as reduction multipliers ranging from 0.8 to 1.0, yet these lack a clear causal basis or
empirical validation. Additionally, there is no requirement to demonstrate how a mitigation meas-

ure alters the frequency or severity of a reversal hazard. Mitigation measures are only required for
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medium risk for rewetting of peatlands and other soil restoration projects, exhibiting inconsistency
and missing an opportunity to not only require but stipulated mitigation measures, proven to re-

duce risk.

The draft also includes more information on monitoring requirements, modelling, and remote sens-
ing, including minimum resolution, scientific credibility, and calibration compared to the previous
draft. However, multiple options for data sources are still permitted, and peer-reviewed data is not
consistently required. The spatial scale used for risk assessment in afforestation and agroforestry
projects, relying on NUTS1/2-level (i.e. major socio-economic regions/basic regions for regional poli-
cies) statistics for disturbance returns (see risk quantification method in Table 11), might be too
coarse and risks overlooking local variations that could significantly influence reversal risk for trees

in areas with high hazard levels or older stands with high biomass (Haya et al., 2023).

A monitoring report is required every five years, which is aligned with the maximum interval under
PACM. However, this frequency may prove insufficient, particularly for monitoring highly variable
SOC levels. As for post-crediting, there is no post-crediting period specified for peatland rewetting
projects, since they are considered to result in irreversible emission reductions by preventing emis-
sions that would otherwise be released into the atmosphere. This assumption relies on sustained
water table elevation, despite potential reversals from re-drainage or disturbances. Yet irreversibility
requires that the benefit cannot be undone, not merely that it avoids emissions at certification time.
This approach is, hence, not only in stark contrast to most carbon crediting programmes, but also
conflicts with the EU Regulation 2024/3012, which acknowledges that carbon farming and carbon
storage in products face a higher risk of voluntary or involuntary carbon release into the atmos-
phere. In contrast, afforestation projects are required to be monitored for a total of 40 years (with an
activity period of 30 years), aligning with many carbon crediting programmes but not with best

practices (i.e. 100 years).

Regarding liability, there is no requirement for a liability mechanism for soil emission reductions,
except for the case of early project termination. This approach is not aligned with the VCM or PACM
programme requirements. Additionally, there are no provisions for compensating post-crediting re-
versals. Buffer credits, which are meant to account for potential reversals, expire after the monitor-
ing period, yet future major reversals can easily exceed the contributions made to the buffer pool.
While the expiration of buffered units after the monitoring period is required by the carbon farming
methodology, best-practice systems require mandatory buffer contributions from all projects, with

dynamic adjustments based on quantified risks, to ensure adequate coverage for reversals.
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The methodology might aim to compensate weak risk assessment and post-crediting requirements
by applying temporary crediting to removals but relying solely on temporary credits for removals
does not adequately address the broader risks involved in such projects. Moreover, the methodology
does not include any provision specified for emission reductions. In addition, the methodology
shows a degree of reliance on certification schemes for potential additional guidance on risk miti-
gation practices and their corresponding factors as well as monitoring requirements, which under-

mines its own accountability and shifts responsibility to external bodies.

Finally, the methodology offers several options for the liability mechanism, including a buffer pool,
insurance policy, or a comparable guarantee product. After a reversal event, credits must be re-
placed with an equal number from the buffer or unit pool. If an insurance policy or similar guarantee
product is used, the replacement may not be in the form of monetary compensation. In the case of
avoidable reversals, replenishment is required with an equivalent number of credits of the same
duration as those that were cancelled, which is aligned with carbon market requirements. In terms
of operational details and enforcement, the methodologies lack clarity. For example, a stress test is
required to assess the resilience of the buffer pool against a range of reversal risk scenarios. This is
to be based on, inter alia, the range of risk ratings and significant loss events. No further details are
provided, e.g. thresholds or standardised approach. There is also no information on the conse-
guences of non-compliance (e.g. non-replenishment after reversal event) or failure of the stress test,
undermining environmental integrity. Furthermore, buffer pools by carbon crediting programmes
such as VCS have been proven insufficient to account for reversal risks such as wildfires and drought
(Badgley et al., 2022; Anderegg et al., 2025b).

Overall, CRCF's reversal risk framework for carbon farming activities is less stringent than private
carbon market programmes. It omits relevant risks and relies on binary hazard-vulnerability assess-
ment (high/medium/low) rather than on dynamic, probabilistic models. Mitigation measures result
in "reduction factors" (0.8-1.0 multipliers) without empirical validation, causal demonstration of risk
reduction, or universal mandates across activity types. Coarse spatial data undermines accuracy and
monitoring gaps compound this: 5-year reporting intervals for volatile SOC dynamics and no post-
crediting liability for soil emission reductions or peatland 'irreversible" claims, despite Reg.
2024/3012 explicitly warning of reversal risks in carbon farming. Buffer pools requirements lack ro-
bustness, especially regarding enforcement. Pooled units expire post-monitoring, leaving tail risks.
Hence, the methodology does not provide sufficiently robust and long-term reversal risk treatment

and requires significant improvements.

79



Managing reversal risk: Assessment, mitigation and compensation

IIEI'SIIGGIWBS"$

climate research

Table 11: Risk Permanence, Risk approach, and Risk for Carbon Farming Methodology under CRCF (Source: (European Parliament,

2026))
Aspect Rewetting and restoration of Agriculture and agroforestry on Afforestation
peatlands and of other organic mineral soils
soils
Reversal Risks covered in Yes Yes Yes
risk as- methodology
sessment

Risk quantification
method (e.g., quali-
tative/quantitative
model, re-

sources, evidence)
please describe it in
detail

Quantitative: Disturbance regime
(Low: return period = 30 years, Me-
dium: return period 15-30 years,
High: return period <15 years) vs.
Water exploitation Index: (Low:
WEI+ < 20%, Medium: WEI+ 20-40%,
High: WEI+ > 40%)

Combination of the two factors re-
sults in either low, medium or high-
risk level, according to Table 5in
the Annex of the DA.

Evidence: For disturbance regime:
Option 1: EU-provided return period
dataset

Option 2: Statistics from 30+ years
of disturbance events (e.g. wildfires,
storms, extreme climate events, bi-
ological and insect outbreaks) to
calculate the ratio, using empirical
records, surveys, Earth data, or liter-
ature. The area for calculation is

For agriculture: Quantitative: Haz-
ard (no change, decrease (high) or
increase (low climatic conditions
and land management in past 10
years driving SOC changes proxied
by recent SOC changes vs. Vulnera-
bility (low: carbon saturation < 68%,
high: carbon saturation = 68%)

Combination of the two factors re-
sults in a 2-10% risk rating, accord-
ing to Table 6 in the Annex of the
DA.

Risk mitigation practices beyond
eligibility and sustainability require-
ments may reduce the risk rate by
a factor of 0.8 to 1. Certification
schemes may offer further guid-
ance.

Evidence: For Hazard change: SOC
changes in project area over the
past 10 using own data, national

Species suitability: Suitability of
species/composition in conserva-
tive climate projections vs. Disturb-
ance risk: Return period of hazards
(average interval between natural
disturbances (mandatory: fires,
windthrows, pests/insects)).

Risk mitigation practices beyond
eligibility and sustainability require-
ments may reduce the risk rate by
a factor of 0.8 to 1. Certification
schemes may offer further guid-
ance.

Evidence: For suitability of species:
Commission's estimates, national
datasets or peer-reviewed data. For
disturbance regime: Option 1: EU-
provided return period dataset. Op-
tion 2: Statistics from 30+ years of
disturbance events to calculate the
ratio, using empirical records,
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Monitoring
(during
crediting
period)

Risk eligibility
threshold (if appli-
cable)

Risk mitigation
measures

Monitoring plan
(mandatory compo-
nents)

Parameters moni-
tored (carbon pools,
performance indica-
tors)

Monitoring fre-
quency

Eligible data collec-
tion method and
sources

required to be “large enough” for
robust regional statistics (NUTS2 or
NUTSI). For water exploitation:
WEI+ by Eurostat

Activities deemed high-risk follow-
ing risk assessment are ineligible.

Medium-risk activities require en-

hanced mitigation beyond baseline

requirements (e.g., boosting vege-
tation cover to raise humidity
against fires, or curbing river basin
water extraction for sustainable
freshwater use). Certification
schemes to offer further guidance

surveys, or the Commission's esti-
mates. For saturation: own data, or
the Commission's estimates

For Agroforestry: see Afforestation
requirements.

surveys, Earth data, or literature.

The area for calculation is required
to be “large enough” for robust re-
gional statistics (NUTS2 or NUTSI).

For agroforestry and afforestation: Tree species deemed unsuitable via
risk assessment are ineligible, unless historical or experimental success
and future suitability are demonstrated in the activity plan.

For agriculture: No requirements.

Not required

Not required

Description of carbon pools/emission sources (below), with their quantification/monitoring methods and fre-
guencies; relevant documentation, description of how the risks of reversals and the reversals are monitored

Living biomass (CO,, mineral soils
(COy), organic soils (CO,, CH4, NO),
direct N,O emissions from man-
aged non-agricultural soils (N,O)

Living biomass (CO,), mineral soils
(COy)

At least every five years and within one year after reversal event

Living biomass (CO,), mineral soils
(CO»), direct N,O emissions from
managed non-agricultural soils
(N2O)

Options: 1. Modelling (calibrated with direct measurements), 2. direct measurements or 3. default factors. Ap-
proach must be used consistently per carbon pool/emission source.
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Monitoring
(post-cred-
iting)

Conserva-
tiveness
and uncer-
tainty

Reversal
Manage-
ment and
Compen-
sation

Duration of post-
crediting monitor-

ing

Incentives for post-
crediting monitor-

ing

Conservative esti-
mates

Uncertainty treat-
ment (deductions,
discounting)

Detailed requirements for transparency, Scientific credibility, suitability and accuracy are stipulated.

Not required

At least 10 years, except for prac- Monitoring period must begin with
tices that reduce direct and indi- the activity period and last at least
rect N,O emissions from managed 40 years

agricultural soils, which does not

required post-crediting period

monitoring.
Activity period renewal up to 2x (30 Agriculture and agroforestry prac- No renewal after 30-year activity
years in total) tices that reduce N,O emissions period, requirement to monitor for
and increase carbon removals OR at least 40 years

Liability mechanism No

(Y/N)

agriculture that reduces CO, emis-
sions from soils: Activity period re-
newal up to 2x (15 years in total)

Agroforestry: Activity period re-
newal up to 1x (30 years in total)

Use of conservative estimates are required

Uncertainty reduction required

For Soil ERs: Required only to pre- Yes
vent early termination.

For removals: Yes
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5.2. Case studies

5.2.1. Triple liability for reversals: @rsted - Northern Lights Joint Venture
BECCS case
@rsted Bioenergy and Thermal Power A/S (@rsted) is developing a bio-energy with carbon capture
and storage (BECCS) project, including capture from two bioenergy installations (Avedgre-verket
(AVV) and Asnaes-verket (ASV)) in Denmark, and transport from Kalundborg port to the CO, storage
facilities in @ygarden, Norway. The transport and storage activities are operated by Northern Lights
Joint Venture DA (NLJV) in Norway. The business model of this large-scale BECCS project combines
subsidies with carbon credit sales in the VCM. @rsted secured the public funding component in
2023 by submitting a competitive bid in Denmark’s first CCUS tender. This tender shall ensure that
at least a minimum of 400,000 tonnes of CO, will be stored annually starting from 2026 until 2045.

@rsted will capture a total of 430,000 tonnes of CO, annually from their two sites in Denmark.

This project must comply with a complex mix of EU ETS rules, EU CCS Directive obligations, Danish
tender conditions and VCM methodology requirements. This creates challenges related to “double
penalisation” of emissions, overlapping liability provisions and potentially excessive penalties for re-

versals. The latter is examined in detail below.

EU requirements for CCS activities

The @rsted facilities exceed the 20 MW thermal input threshold for coverage under the EU ETS
(European Parliament and European Council, 2005). Over 95% of the facilities’ fuel use is from
sustainable biomass, with an emission factor of zero. However, other parts of the value chain remain
covered by the EU ETS: i) Truck and vessel emissions transporting CO, to Norway'™; ii) Energy use

throughout the value chain; and iii) (Re-) emissions from CO, storage site in Norway.

The interaction between the EU ETS and EU CCS Directive are described in Section 5.1. To account
for the (re)-emissions the Operator must follow the Implementing Regulation 2018/2066 (European
Union, 2018) on the monitoring requirements and reporting (MRR). The MRR is detailed on the

differentiation of biomass and fossil origin of the source material.

Article 38 specifies the treatment of biomass, Article 39 the determination of biomass and fossil frac-

tion, Article 43 the determination of emissions, Article 48 inherent CO,'® and Article 49 the transfer

'> This includes emissions from transport fuel use AND leakage of CO- transported where applicable
'® Inherent COz is CO2 contained in a fuel or material and released as part of the normal process (rather than
being produced by combustion

83



Managing reversal risk: Assessment, mitigation and compensation

persnectives""

clhimate research

of CO,". If the origin can be tracked throughout the CCS value chain, the MMR rules can be in-
terpreted as: CO; leakage from transport and storage, sourced from biomass or the atmosphere,
is to be accounted for as zero emissions at the point of emission accounting. The CCS and EU
ETS directives as primary legislation, on the contrary, do not differentiate between atmosphere,
biogenic or fossil origin passed capture, and require operators to surrender allowances for leaked
CO, during transport or from storage. This discrepancy between MRR on the one hand,and CCSand
ETS directives on the other, leads to confusion for operators along the value chain. Project develop-
ers operate on the basis that they will have to surrender allowances no matter the source after a

discharge or reversal event.
Danish state subsidy

@rsted needs to abide by the “Contract on subsidy for carbon capture, transport and storage”
(Energistyrelsen, 2024) as per the Danish Energy Agency (DEA). Article 1.3 states that “the Parties
have entered into the Contract pursuant to which the Operator shall ensure capture,
transportation and permanent storage of CO; [..]. The Subsidies will be paid per ton CO;

captured and permanently stored.”
The Contract doesn’'t mention reversals or re-emissions, however, it speaks of:

¢ ‘“Delivered Quantity” (Article 14);

o Article14.2 allows for a temporary storage site if there are unplanned defects or failure
at the original storage site for no longer than six months. If the DEA does not approve
this temporary storage site “the CO, stored will not be considered Delivered Quantity
and the Operator shall immediately stop the permanent storage” at this site. The
DEA can claim repayment and/or penalties from the Operator.

¢ Penalties, material breach or termination for non-performance (Articles 15.3 and 15.5)

o According to Appendix 6, Subsidy and economy scheme, penalties are due if the
Delivered Quantity is lower than the Contracted Quantity and only applies during the
operational phase.

e Liability in connection to the (non)-performance (Article 16.1)
o The Operator shall be fully liable for any act or omission of its Sub-Suppliers, of which

one is interpreted as the transport and storage operator.

7 43(4) states that biomass and fossil emissions must be quantified individually. Article 49(3) applies to
transport of the CO2, and biomass and fossil emissions are still separated. Article 49(1) states that transported
or stored CO2 can ONLY be deducted from fossil emissions (biomass = 0). In case of re-emissions the same
should apply.
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e Operator's failure to perform due to failure by a third party engaged by the Operator to
perform whole or a part of the Contract (Article 18.1.4)
o Itisunclear from the documentation if a third party is defined differently from a Sub-
Supplier.

The Operator’s obligation to ensure permanent storage of the CO, captured, shall survive the
expiry or termination of the Contract and remain in force indefinitely. Article 5.9.1 of the Contract
states that the Operator shall ensure that the CCS Activities are in compliance with applicable
law, including the CCS directive. Meaning that reversals are to be handled in accordance with
the Directive as described above. It is deemed there are no immediate repercussions for the

Operator to the DEA for reversals through either penalties or repayment of the Subsidy.

VCM requirements

@rsted is using the VM0049 framework methodology for CCS. Figure 6 below shows the different

documentation the project is obliged to follow.

VCS Program

Methodology

Geological

E:Gaébso)n Storage Carbon Capture
requirements ?\?&Osézga)ge BECCS
VRS (VMDO0059)
Non-
Transport Permanence
(VMDO0057) Risk (NPR)
Storage Allocation of
(VMDO0058) emissions in
non-VCS
projects
(VT0012)

Figure 6: Project-relevant documentation for registering a BECCS project under Verra

According to VCS rules, the risk assessment to determine reversals is deemed low and the NPR tool
calculates 1%'™ of generated credits towards the buffer pool, which would be maximum 4300 credits
annually. However, the risk of reversal ramps up during operation (e.g., injection pressure can

induce (micro)fracturing creating a reversal pathway). The reversal risk then plateaus

'8 The online draft PDD for validation states 2.575%, the NPR has been updated from version 4 to 4.1 and the
update resulted in a lowering of the percentage to 1%.


https://verra.org/documents/gcs-requirements-v4-1/
https://verra.org/methodologies/vm0049-carbon-capture-and-storage/
https://verra.org/methodologies/vmd0059-co2-capture-from-bioenergy-v1-0/
https://verra.org/methodologies/vmd0057-co2-transport-for-ccs-projects-v1-0/
https://verra.org/methodologies/vmd0058-co2-storage-in-saline-aquifers-and-depleted-hydrocarbon-reservoirs-v1-0/
https://verra.org/documents/geologic-carbon-storage-non-permanence-risk-tool-v4-1/
https://verra.org/methodologies/vt0012-accounting-non-vcs-co2-in-ccs-projects-v1-0/
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and decreases after injection stops®™ . If a reversal occurs from the storage complex it will be
indicated by the seismic interpretation planned every 5-7 years. The detectability of the seismic
imaging is 100,000 tonnes CO; (Verra, 2025f) which becomes the minimum value of the reversal.
The storage site offshore Norway can store maximum 1.5 million tonnes of CO, per year and 5 million
tonnes annually from 2028 (Northern Lights JV DA, 2025). Any lost CO, from @rsted will apply its

buffer pool proportionally to the total amount stored.

Northern Lights JV DA has performed a containment risk assessment over 45 years of operation (25
years injection and 20 years post-injection) and again over 125 years. The assessment identified a
chance of 0.05% CO, leakage from the reservoir after 125 years (Verra, 2025f). Only a proportion will
be released at surface, with the remaining CO; being retained within other stratigraphic layers as
described in Section 3.2.2.

A loss of containment as per Verra definition occurs where the injected CO, migrates out of the
storage complex (Verra, 2024b), either in another subsurface layer or directly to the surface. If a loss
of containment is detected, the project proponent must halt injection, quantify the loss, and de-
termine whether it can be repaired. Injection can only resume when containment is re-established.
Even if the CO, does not reach the surface but entered outside the defined storage complex,

the loss needs to be covered by the buffer pool.

Projects are no longer eligible for crediting when the quantity of CO; lost is more than 10% of the

total CO; injected in the project.

Interaction between the different market-based instruments

While operational project and leakage emissions from removal activities within the EU can be “dou-
ble” penalised both under EU ETS and the VCM (or CRCF), the above case shows that if the sustain-
able biomass is properly traced the reversal should only lead to VCM buffer pool decrease during a
loss of containment event/reversal, while in practice, the same event continues to trigger allowance
surrender obligations under the EU ETS. This is correct from an accounting point of view, as the EU
ETS is primarily an emission reporting approach, while the VCM is a carbon accounting approach.
And a reversal of removals will therefore be identified as zero emissions in emission reporting but

needs to be compensated regarding issued carbon credits. However, mixed streams or untraceable

®Note that injection losses are not the same as reversals during injection: the former describes a loss of CO> ,on
its way" to the storage site and is addressed when calculating project emissions; the latter describes re-emis-
sion of formerly stored CO: as a consequence of (increased pressure and resulting rock fracturing) ongoing
injection and is treated as a reversal.
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biomass, will lead to multiple reversal liability, both under the EU ETS and the VCM. Should the VCM
in such cases accept ETS coverage as sufficient? The landscape across VCM programmes is mixed:
Verra, Gold Standard, Isometric, and including CRCF, do not recognise ETS coverage and require full
accounting for emissions even when ETS obligations apply. Puro.earth is the only programme that

explicitly recognises ETS coverage, but only for power and heat use (puro.earth, 2024).

The EU ETS Directive does allow for other GHG emission trading schemes in its Article 25, only
referring to the Kyoto Protocol. If an agreement is concluded, the Commission shall draw up

provisions to the mutual recognition of allowances under that agreement.

As it is likely that the combination of different regulatory systems will be frequently used for
removals projects, a rule of “single reversal liability” would be appropriate. It could be designed in a

way comparable to treaties to avoid double taxation.

5.2.2. Bilateral Agreement signed between Switzerland and Norway
In June 2025, the Governments of Switzerland and Norway signed a bilateral agreement under Ar-
ticle 6.2 of the Paris Agreement establishing one of the first sovereign frameworks for cross-border
cooperation on both geospheric removals and CCS (Energidepartementet, 2025). The agreement
creates the legal, accounting and regulatory conditions for enabling (i) transfers of ITMOs under
Article 6.2 and (ii) cross-border transport of CO, from Switzerland to Norway for permanent geolog-
ical storage. First pilot activities under this bilateral agreement have already been launched, with
Swiss company Neustark and Norwegian company SpareBank 1Sgr-Norge agreeing on the transfer

of a symbolic amount of removals through CO, carbonation in concrete, ash or slag (Neustark, 2025).

While the agreement does not establish a formal buffer pool reversal risk mitigation is embedded

structurally through several approaches:

1. Permanent storage requirement reduces the likelihood of reversals: Only removals with
permanent geological or mineral storage qualify, materially lowering reversal risk relative to
less permanent biospheric carbon pools.

2. Regulatory oversight of storage sites facilitates reversal detection: Norwegian CCS
operations are subject to stringent environmental regulation and long-term monitoring,
aligning with the EU’ CCS Directive. This ensures that reversals are detected in a timely
fashion.

3. Inventory-based accountability for reversals: Because ITMOs are integrated into national

greenhouse gas inventories with corresponding adjustments, any reversal will have to be
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accounted for in the Norwegian inventory as an emission, creating strong incentives for
environmental integrity.
The absence of a dedicated Article 6 buffer pool to cover reversal risks suggests a strong belief of
both governments that technology choice (mineralisation), regulatory liability frameworks, and sov-
ereign accounting discipline solve the reversal risk problem. It however becomes very risky if there
is “bad luck” where a reversal event occurs even if it has been deemed highly unlikely. The agree-

ment does not provide any coverage for such an event.

In future bilateral agreements, governments might consider requirement for insurance in the case
of an (unlikely) reversal event. If the probability of such an event is very low, the premium for such

an insurance should be affordable.
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6. Discussion

In this section, we synthesise the key findings presented throughout the report. We begin by exam-
ining the cross-cutting insights on permanence requirements, followed by a discussion of the role
and limitations of the proposed reversal risk framework. We then consider how insurance mecha-
nisms could contribute to managing reversal risks and conclude with a reflection on recent devel-

opments in the EU context.

6.1.Key cross-cutting findings on permanence requirements
Across schemes, initiatives and carbon crediting programmes, permanence requirements are grad-
ually converging on a common architecture built around four elements: explicit assessment of
reversal risk, minimum monitoring and compensation periods, use of buffer pools for compen-
sation of reversals and clear allocation of liability for reversals. CORSIA, the EU CRCF, the ICVCM,
the UK ETS Authority and major private carbon crediting programmes as well as the newly opera-
tionalised PACM all require some form of risk assessment, mitigation, monitoring and compensa-

tion mechanism, even if the details differ substantially.

With regard to the storage period which is deemed to represent permanence, the UK ETS Au-
thority and the EU CRCF apply a 200 year period, CAR and Verra 40-100 years — which can increase
to 1000 years for geological storage - whereas ICVCM applies 40 years from the start of the first
crediting period (AFOLU), and CORSIA accepts 20 years, the shortest period of any programme. This
means that definitions of “permanence” or “durability” of credits differ by centuries between pro-
grammes, creating inconsistent permanence expectations across schemes. A visual of this patch-
work of requirements is shown in Figure 7. Similar activities face very different permanence ex-
pectations depending on the programme they are registered in, with project economics being
more attractive for programmes with lenient requirements, in case credit revenues are similar
across programmes. This risks leading to activity developers “shopping” for the least demanding
interpretation of permanence, unless credits with higher permanence are priced higher than

those with lower permanence.

With regard to the percentages of credits allocated to buffer pools an equally wide variation can
be observed between low-single digit percentages and 20-30% for biospheric pools. Many pro-
grammes apply fixed percentages, which are not based on science or derived by empirical evi-

dence.
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Figure 7: Permanence versus monitoring timelines for different carbon market mechanisms, carbon pool and project activities
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Due to the short period of existence of most buffer pools, the risk of undercapitalisation can only
be assessed for a small share of pools with a history of more than a decade. Undercapitalisation risk
is higher for buffer pools covering similar activity types, or focused on a small geographical
region. Regarding the latter, Badgley et al. (2022) found that for California's forest offsets pro-
gramme’s buffer pool in the period 2013-2021 wildfire losses consumed 95% of contributions for the
two projects CAR1046 (Trinity Timberlands, 2015: 847,895 tCO,e) and CAR1174 (Eddie Ranch, 2018:
276,867 tCO,e), with smaller losses for the projects ACR260, ACR273, CAR1102, and ACR255. The au-
thors estimated that the single disease “sudden oak death” alone could exhaust all disease-risk re-
serves of that buffer pool. For the global buffer pool of Verra which covers all VCS activity types and
has been filled with 77 million credits (6.3% of total credits issued), MacDonald (2025) found relatively
few instances where the pool has been drawn on and deems the risk of exhaustion as low. Due to
these research results, there is broad recognition that buffer pool management needs to be im-
proved through maximisation of pool diversification (ICVCM and CORSIA) and regular stress
tests (ICVCM, PACM).

A further point of emerging convergence is that reversal risk should be addressed in proportion
to the underlying risk profile which differs by activity type. CORSIA's TAB, ICVCM and the EU
CRCEF all distinguish between activities with material reversal risk including AFOLU and some
biomass-based activities and structurally low reversal risk engineered removals with geological
or mineral storage, and they generally impose longer monitoring and stronger compensation
and liability provisions on the former. However, programmes are not consistent within these cat-
egories; for example ICVCM and CORSIA treat jurisdictional REDD+ less stringently than project
level AFOLU, assuming that governments can address reversal risks more consistently than
private sector entities. This assumption however only holds true if there is not a generally bad gov-
ernance. This assumption depends on the quality of governance; where governance is weak, juris-

dictional approaches may not offer the assumed advantage.

v. Programmes differ significantly in their treatment of temporary storage, which could be
formally done through temporary crediting or tonne-year accounting. Theoretically,
temporary crediting has the highest degree of robustness, but due to its limited tem-
poral validity it is relatively unattractive to activity developers and buyers. The CRCF ex-
plicitly uses temporary crediting for carbon farming and storage in products, with cred-
its expiring at the end of the monitoring period and stored carbon deemed as released
unless monitoring is extended, while leaving replacement obligations for buyers largely
undefined. Tonne-year accounting or temporary crediting is not applied under CORSIA,
ICVCM or the PACM, while CORSIA's TAB has left the door open to tonne-year account-

ing. Given that tonne year accounting could be a pragmatic solution to the permanence
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conundrum if the equivalence period is long enough, its prohibition warrants further ex-
amination: It is based on incompatibility between the programmes” permanence and
integrity requirements as well as definitions regarding “actual” (full) tonnes on the one
hand, and the approach allowing for reversals and crediting fractions of tonnes on the
other hand. If buffer pools fail widely, tonne-year accounting should be reconsidered.
(More details on this approach can be found in
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V. Box A2: Is there a value in temporary storage?

There is a vivid academic debate whether storage with low durability has a value in addressing
climate change or not. There are two conceptual arguments why such a value exists: reducing
the rate of climate change (e.g. the temperature increase per decade) reduces climate
change damages and preventing that temperature exceeds tipping points that lead to irre-

versible and large climate change impacts.

The first argument is intuitively appealing. A rapid temperature increase, and the impacts linked
to it leave less time to adapt and thus generate higher adaptation costs. A slow rate of change
allows autonomous adaptation, whereas a high rate of change requires planning and generates
more “surprises” regarding impacts. There is evidence that the rate of temperature increase has
accelerated significantly in the last decade (Foster and Rahmstorf, 2026), and that the frequency
and severity of climate change-related events causing damages has increased as well (World Me-
teorological Organization (WMO), 2026). However, this topic has been researched to a very limited
extent. (Pinsky et al., 2025) and (Visser, 2008) find that impacts of climate change on biodiversity
are positively related to the rate of change. More research is needed to calculate the benefits

of reducing the rate of temperature increase.

There is a scientific consensus that several temperature-increase-related “tipping points” exist
where specific climate change impacts become irreversible. (Lenton et al.,, 2025) summarise cur-
rent knowledge on tipping points and find that we may already have exceeded the temperature
levels that trigger general coral reef dieback, whereas we are getting close to the temperature
triggering collapse of land permafrost, the Greenland ice sheet, the West Antarctic ice sheet and
the Southern Ocean sub-polar gyre. In that context, high volumes of temporary storage could
“buy time” to keep us from crossing the tipping points. During this time, permanent storage
technologies could be developed to the extent that they would be available at a scale large
enough to ensure the tipping points are never crossed. Countries could point to temporary stor-
age in their NDC, buying time until future, permanent CDR becomes available at attractive con-
ditions (Beyer, 2025). But if the time is not used wisely and we get into a situation where massive
reversals happen without alternative mitigation being available, then temperature increase
would accelerate, and we would exceed multiple tipping points very quickly. Therefore, research
is needed to assess the conditions under which temporary storage could successfully “buy time”,

including the policy instruments required.

An approach that attributes value to the temporary storage for each year of effective storage

is the so-called “tonne year” approach, explained in Box 3 below. Many researchers continue to
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emphasise that temporary storage does not contribute to limiting cumulative emissions, which
is necessary to meet the Paris Agreement’s temperature goal and thus the value of temporary
storage cannot be equivalent to an emissions reduction (the effect of which is inherently per-
manent; Brander and Broekhoff, 2023; Cullenward, 2023; Watson and Bui, 2026).

And Box A3: Alternative approaches to addressing non-permanence)

6.2. Advantages and disadvantages of the proposed reversal risk
framework
The reversal risk framework developed in chapter 3 in order to operationalise the PACM reversal risk
assessment procedure systematically differentiates risks at carbon-pool level within activity
types and applies explicit links between risk factors, mitigation measures and buffer pool con-
tributions. It improves on current practice by requiring transparent, standardised datasets and
models, probabilistic risk quantification, and aggregation that avoids a cumulation of high cli-

mate change-related risks.

However, there are various challenges in applying the framework. Its pool-specific design builds on
the broad availability of disaggregated, robust hazard and GHG store datasets. Currently, these
are incomplete. Probabilistic and multi-hazard assessment is methodologically complex and
generates significant computational demands. Smaller activities will struggle to apply these ap-
proaches unless reservoir-specific simplifications are possible. Differences in practical implemen-

tation between activity types will be significant.

The framework will only be feasible if its elements are introduced over time according to a priori-
tisation commensurate with the risk level. One should start with “no-regret” and easily imple-
mentable elements - such as a commmon risk taxonomy, explicit reservoir and pool identification,
basic likelihood-magnitude-spatial scale structuring (for the biosphere), conservative treatment of
data gaps, and the rule that risk mitigation needs to be evidenced and verifiable. More complicated
elements requiring significant investment by both regulators and activity developers, notably
systematic probabilistic modelling, multi-hazard interaction treatment and the use of advanced
global datasets, should first be applied for higher-risk or large-volume activities and expanded

to other activity categories over time.

6.3. Role of insurance policies to address reversal risks

Insurance for reversal risk in carbon markets is still in its infancy, both in terms of product design

and institutional embedding. The landscape described in Chapter 4 above shows a small number
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of specialised providers experimenting with products addressing credit delivery, credit cancellation
and buffer-depletion risks. Carbon market programmes such as Verra, ICVCM and PACM have just

started to think about integrating insurance in their regulatory toolbox.

Researchers and practitioners converge on one point: insurance cannot credibly serve as a
standalone instrument for managing non-permanence. Structural constraints in insurance mar-
kets are not aligned with the need to cover multiple decades or even centuries; insurance pro-
viders usually work with one- to three-year policies and rely on frequent repricing as hazard con-
ditions and data evolve. This means that “rolling” sequences of short-term insurance policies are
more realistic than long-term policies. In that context, lessons from property insurance, including
recent sharp premium increases in or withdrawal of insurance providers from high-risk regions,
suggest that long term insurance coverage and affordability are likely to be absent where cli-
mate impacts become most severe. Private insurers cannot or will not underwrite such spiralling
risks at acceptable cost, but alternative solutions such as buffer pools will also fail unless contri-

butions are increased in line with the risks, which may bankrupt activity developers.

There is an emerging consensus to develop hybrid architectures in which multiple tools are com-
bined in ways that strengthen, rather than dilute, overall environmental integrity. Insurance can
add value where risks are well defined and time-bound, for example, by protecting buffer pools
against rare, outsized depletion events or covering specific categories of unavoidable reversal risk
during the crediting period. Buffer pools, permanence funds and, in some contexts, public guaran-
tees can, in turn, provide backstops for longer-term and more diffuse risks that are hard to price or
diversify. For this layering to enhance integrity, two conditions are crucial. First, the regulatory re-
gime must avoid adverse selection and cherry-picking, where low-risk projects take up cheap
insurance and are no longer required to contribute to the buffer pool while high-risk projects
feed the buffer without the contribution level being adjusted for the increase of average risk.
Second, insurance must not weaken incentives for prevention: carve-outs for avoidable reversals,
calibrated deductibles, and clear trigger definitions are needed so that insurance coverage does

not reward negligence or underinvestment in risk mitigation.

6.4. Implications for the EU context
The EU CRCF applies a permanence architecture differentiated by storage type as it distinguishes
between permanent carbon removals (e.g. DACCS, BioCCS), carbon storage in products, and carbon
farming activities. Geological storage is subject to the regulatory safeguards of the CCS Directive,
which establishes robust monitoring requirements and operator liability for seepage. Biospheric re-
movals are treated as temporary or medium-durability storage, where credits expire at the end of

the monitoring period unless monitoring is extended, effectively treating stored carbon as released
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thereafter. Biochar only requires limited post-application monitoring, which may not fully ad-

dress potential reversal risks.

CRCF faces challenges regarding overlaps with other policy instruments. Duplicated liabilities
could emerge if CRCF credits are accepted under the EU ETS where a reversal could lead to both
allowance surrender under the ETS and reversal compensation under the CRCF. CRCF provisions
are not aligned with ICVCM, CORSIA and the PACM, particularly regarding monitoring periods
and reversal compensation approaches. If the EU wants to generate credits aligned with these pro-

grammes under CRCF, a strengthening of the CRCF rules would be necessary.
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7. Recommendations

7.1.Strive for agreement on minimum reversal risk requirements across all
international carbon market regulators and programmes
The rapidly evolving and highly diverse landscape of how public and private international carbon
market programme administrators assess and mitigate reversal risks, and compensate for re-
versals that have actually occurred is likely to lead to a loss of trust of key stakeholders that
reversal risks are dealt with properly. Therefore, PACM regulators, intergovernmental organisa-
tions (ICAQ, in the context of CORSIA), governments regulating their Article 6.2 and other carbon
market approaches (e.g. the EU regarding CRCF) as well as private programme administrators
(Verra, Gold Standard, Isometric etc.) and initiatives to enhance the environmental integrity of
voluntary carbon markets (ICVCM, VCMI) should agree on minimum requirements to deal with

reversal risks, covering

¢ Quantitative assessment of reversal risks, differentiated by activity type (e.g. forestry, di-
rect air capture with geological storage, etc). Where empirical evidence is unavailable, de-
fault parameters should be set conservatively rather than at central estimates, and the con-
servatism should be documented and revisited as evidence accumulates. Risk reductions
claimed by jurisdictional approaches (in comparison to single activities) need to be empir-
ically validated. Quantitative values of risk should reward pre-emptive reversal risk miti-
gation like thorough site selection and geological modelling for geological storage; species,
age-class and spatial diversification for AFOLU; cover-cropping and tillage practices for soil
carbon.

e Liability for reversals. Liability allocation along the value chain (project developer, host gov-
ernment, buyer, programme administrator) needs to be specified for the full duration of
the permanence period. Differences between overlapping frameworks (e.g. EU CRCF and
EU ETS; domestic schemes and Article 6 cooperative approaches) should be eliminated to
avoid duplicated or unclear liability.

¢ Duration of monitoring periods for reversals

¢ Design of buffer pools, including the coverage of different activity types, the contribution
rates, the change of contribution rates due to trends in actual reversals or projected
changes in reversal risks and the access to the buffer pool once a reversal has been de-
tected. Contribution rates need to reflect the actual quantitative risk and its projected
development over time. Ad hoc, fixed and undifferentiated contribution rates as currently
applied by the majority of programmes should no longer be applied. It needs to be clearly

specified what happens if the buffer pool is exhausted.
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e Requirements for insurance contracts that could replace buffer pool contributions. Im-
plement a clear policy regarding the minimum duration of insurance contracts, consider-
ing the unwillingness of insurers to offer long-term contracts. Governments should use
convening capacity in international financial hubs to stimulate development of long-du-
ration permanence insurance products; through clarifying which reversal risks are insura-
ble and developing multi-decadal pricing approaches.

¢ Reconsideration of the role of temporary crediting and tonne-year accounting as a com-
plement to (not a substitute for) permanent compensation, particularly for activity types
where long-term permanence is genuinely uncertain. The EU CRCF's use of temporary

units for carbon farming is one precedent worth evaluating empirically.

These minimum requirements should be specified in a way that they enable trust of key stake-
holders, including civil society organisations and media, in the permanence of carbon stores pro-
tected through emission reductions or accumulated through removals under international carbon
markets. The development of the requirements could be orchestrated through international initia-
tives and build on work undertaken by initiatives (like the coalition to Grow Carbon Markets (CGCM)

aiming to achieve integrity in international carbon markets to date.

7.2. Work with PACM regulators to develop and implement “best of
class” approaches
PACM regulators should go beyond the minimum requirements and develop “best of the class”
approaches. Governments and other stakeholders should make submissions to the PACM pushing

such approaches, which should include:

Quantitative assessment of reversal risks

Differentiation of assessments by reservoir and pools that could be materially affected by rever-
sals, reflecting the activity type specific hazard profiles, taking into account multiple pools covered
by a single activity type.

Application of probabilistic approaches requiring significant data input for pools with high re-
versal risks, while for pools with low reversal risks simplified approaches could be used. Review the

classification every three years.

Considering climate-change-triggered increase of reversal risk for biospheric activities, extrap-

olated into the future.

Aggregation of individual reversal risk factors through clear, transparent formulas that reflect

potential interactions between hazards.
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Use of transparent, standardised, publicly available scientific datasets and/or models to deter-
mine the pool-specific risk factors. If data are incomplete, application of conservative assumptions

to identify default parameters.

Reduction of risk factors due to risk mitigation measures only if these measures satisfy evidence-
based design criteria and their implementation and performance are independently verified over

time.

Declaration of negligible risk only if robust evidence has been provided that stored GHGs are

stable or in a steady state over at least 100 years.

Governments should fund and maintain public hazard datasets for implementation of a robust

guantitative risk assessment.

Liability for reversals

Allocation of liability to the activity developer(s) for the entire reversal risk monitoring period.

Duration of the monitoring period for reversals
Requirement for monitoring until a negligible level of reversal risk has been reached, with the
monitoring period ending 100 years after start of the activity if a negligible level has not been at-

tained.

Specification of monitoring requirements proportionate to reservoir- and activity-specific risk
profiles. As enabling activity for implementation of monitoring, governments should fund and

maintain monitoring tools for above-ground biomass and soil organic carbon monitoring.

Design of buffer pools
Administration of a single, global buffer pool covering all activity types with a material reversal

risk.

Specification of requirements for the vintages of A6.4ERs and activity types they have been gen-
erated from in the pool that are cancelled once a reversal has been monitored and communicated
to the buffer pool administrator. Activity types and vintage should be as similar as possible to
those of the A6.4ERs invalidated by the reversal.

Conservative specification, and sufficient activity type and sub-type-differentiation of buffer
pool contribution rates, taking into account the current projections of reversal risks over 100 years.
A default-zero buffer pool contribution (mainly for geosphere reservoirs) is not consistent with

good practice.
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Commissioning of empirical stress-testing of buffer pools at least every three years applying
observed and projected loss rates (including climate-change-triggered increase of reversal risk) to
current pool balances to determine whether contributions remain adequate, with publication of the

results.

Requirements for insurance contracts

Permission for activity developers to not having to contribute to the buffer pool if they can
prove an insurance contract that provides full replacement of issued A6.4ERs for which a reversal
has been identified in line with the procedures for replacement from the buffer pool. Such contracts
should include (i) a carve-out excluding avoidable reversals (negligence, non-compliance, fraud)
from coverage; (ii) deductibles and coverage limits calibrated to the activity's risk profile, not to the
policyholder's commercial preferences; (iii) pre-agreed, objective trigger definitions for claims;
and (iv) annual confirmation that the policy remains in force, with automatic reversion to buffer-

pool-only coverage if the policy lapses or is materially amended.

Governments should support a structured evaluation of the Verra durability pilot (and other emerg-

ing durability-insurance products) after three years of operation regarding their effectiveness.

Proactive engagement of non-government stakeholders to minimise reversals

Non-government stakeholders can contribute meaningfully to minimise reversals through:

Activity developers planning for the full permanence horizon, including management transi-
tions, beneficiary changes and policy shifts that may occur over decades. Maintain transparent re-
versal-monitoring and reporting throughout the permanence period and disclose buffer pool

contributions and insurance coverage to buyers and registries.

Credit buyers using risk-assessment and mitigation quality beyond price as a procurement cri-
terion. Credits with stronger and transparent underlying risk mitigation practices and issued by a
programme with science-based buffer pool design should be preferred. If engaging under the VCM
or Article 6.2, credit buyers should require transparency on how reversals will be compensated, in-
cluding the seniority of buffer pool claims, any insurance coverage in place, and replacement-credit
obligations. They should build replacement-credit clauses into purchase agreements where ap-

propriate.

Insurance companies could engage in development of longer-term insurance contracts, clearly
specifying the conditions and impacts on premium levels, and potential government support. Their

work also should address affordability and access barriers for small-scale and community-led
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projects, including through pooled or aggregated insurance structures and partnerships with de-

velopment finance institutions.

Design of a domestic removals framework
When incentivising domestic removals, governments should consider combining buffer pools,

insurance and liability rules as follows:

Application of permanence periods differentiated by reservoir, anchored in a 100-year minimum

storage period for durable removals.

If biospheric removals are added to a removal-only regime at a later stage, treat biospheric and
geospheric reservoirs separately and align buffer pool requirements with the lower-permanence

reservoir's risk profile.

Reduction of buffer pool contributions to zero only where activity-specific evidence shows the

reversal risk is 'negligible’ as defined in international guidance.

Further research needs

Important research gaps limit the evidence base for reversal risk management. Governments thus

should support research:

e to empirically validate the assumption that jurisdictional approaches carry systemati-
cally lower reversal risk than project-level activities;

¢ on long-term biochar stability and soil organic carbon dynamics under changing cli-
mate conditions;

e on treatment of compounding climate hazards (e.g. concurrent drought-fire—pest events)
over multi-decadal permanence horizons,.

¢ On the effectiveness of specific reversal risk mitigation measures, such as fuel-load
management in AFOLU or well integrity protocols in geological storage, in reducing ob-
served reversal frequency;

¢ on loss-performance data for permanence-related insurance claims;
on how compensation responsibilities should be allocated under Article 6 in cases of
host-country triggered reversals, such as government changes in forest protection poli-
cies (see e.g. Brazilian rise in deforestation triggered by Bolsonaro’s policies).
on how reversals that occur beyond formal permanence periods but within climate-

relevant timescales should be compensated.
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ANNEX1

VIl. Box Al Jurisdictional versus Project REDD+ reversal considerations

The distinction between project-based and jurisdictional REDD+ reflects a fundamental shift
in carbon market thinking over the past decade. Early REDD+ projects (2007-2015) focused on
community/Natura-protected areas scale, typically implemented by private entities or NGOs. In
the past with little coordination/oversight from the government. This has improved due to, e.g.,
enacted laws, a bigger emphasis on the baseline setting, and benefit sharing aspects. Jurisdic-
tional approaches, emerged from the Warsaw Framework for REDD+ and cemented in the Article
5 of the 2015 Paris Agreement framework, operate at national or subnational administrative scale
with governments as the primary legal entities and formal accountable actors for programme

implementation.

The theory underlying differential treatment of non-permanence risk between scales posits
that geographic and institutional diversification provides structural advantages. A project-
level reversal, whether from fire, illegal logging, policy change, or economic shifts, can eliminate
all credited forest conservation within a discrete area, potentially wiping out the entire project's
conservation gains. By contrast, jurisdictional programs operate across large territories where
risks are spatially distributed. A single fire, flood, or localized policy shock in one district should
be unlikely to significantly reverse forest conservation across an entire nation or subnational ju-
risdiction. This geographic diversification means that reversals at jurisdictional scale should
require widespread, coordinated loss of forest cover, a much rarer and more identifiable event
than project-level reversals. Additionally, national forest monitoring systems and multiple en-
forcement agencies should create institutional redundancy, that isolated projects cannot achieve,

theoretically reducing the risk that a single governance failure triggers system-wide collapse.

However, empirical evidence increasingly challenges this theoretical advantage. Large-scale
jurisdictional reversals have occurred: Brazil achieved substantial jurisdictional-level emission
reductions in the early 2010s, only to experience dramatic reversals due to political policy
shifts that reversed forest protection nationwide. Similarly, the Zambezia Integrated Land-
scape Management Program (ZILMP) in Mozambique achieved verified emission reductions
under the Forest Carbon Partnership Facility, but all gains were subsequently reversed due
to widespread slash-and-burn agriculture expansion. These cases demonstrate that jurisdic-
tional-scale reversals, while potentially less frequent than project-level ones, can be systemic and

comprehensive, sometimes exceeding the magnitude of project-level reversals.
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Likewise, it is important to note that the prominence of government as the primary actor does
not automatically reduce reversal risk. In developing countries where governance capacity is
limited, institutional corruption is endemic, or political systems are unstable, centralized govern-
ment control of forest conservation programs can paradoxically increase non-permanence risk.
Political shifts, changes in administrative priorities, or corruption-driven diversion of forest
protection resources can trigger rapid, jurisdiction-wide reversals that exceed the magni-
tude of project-level failures. The Zambezia case and recent Brazilian experience demonstrate
that large-scale reversals can occur swiftly when government commitment shifts or enforcement
capacity deteriorates, regardless of initial baseline robustness or monitoring infrastructure. The
theory that government involvement reduces reversal risk therefore requires substantial em-
pirical validation, particularly in contexts where institutional governance and anti-corruption

safeguards are weak.
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IX. Box A2: Is there a value in temporary storage?

There is a vivid academic debate whether storage with low durability has a value in addressing
climate change or not. There are two conceptual arguments why such a value exists: reducing
the rate of climate change (e.g. the temperature increase per decade) reduces climate
change damages and preventing that temperature exceeds tipping points that lead to irre-

versible and large climate change impacts.

The first argument is intuitively appealing. A rapid temperature increase, and the impacts linked
to it leave less time to adapt and thus generate higher adaptation costs. A slow rate of change
allows autonomous adaptation, whereas a high rate of change requires planning and generates
more “surprises” regarding impacts. There is evidence that the rate of temperature increase has
accelerated significantly in the last decade (Foster and Rahmstorf, 2026), and that the frequency
and severity of climate change-related events causing damages has increased as well (World Me-
teorological Organization (WMO), 2026). However, this topic has been researched to a very limited
extent. (Pinsky et al., 2025) and (Visser, 2008) find that impacts of climate change on biodiversity
are positively related to the rate of change. More research is needed to calculate the benefits

of reducing the rate of temperature increase.

There is a scientific consensus that several temperature-increase-related “tipping points” exist
where specific climate change impacts become irreversible. (Lenton et al.,, 2025) summarise cur-
rent knowledge on tipping points and find that we may already have exceeded the temperature
levels that trigger general coral reef dieback, whereas we are getting close to the temperature
triggering collapse of land permafrost, the Greenland ice sheet, the West Antarctic ice sheet and
the Southern Ocean sub-polar gyre. In that context, high volumes of temporary storage could
“buy time” to keep us from crossing the tipping points. During this time, permanent storage
technologies could be developed to the extent that they would be available at a scale large
enough to ensure the tipping points are never crossed. Countries could point to temporary stor-
age in their NDC, buying time until future, permanent CDR becomes available at attractive con-
ditions (Beyer, 2025). But if the time is not used wisely and we get into a situation where massive
reversals happen without alternative mitigation being available, then temperature increase
would accelerate, and we would exceed multiple tipping points very quickly. Therefore, research
is needed to assess the conditions under which temporary storage could successfully “buy time”,

including the policy instruments required.

An approach that attributes value to the temporary storage for each year of effective storage

is the so-called “tonne year” approach, explained in Box 3 below. Many researchers continue to

121



Managing reversal risk: Assessment, mitigation and compensation

emphasise that temporary storage does not contribute to limiting cumulative emissions, which
is necessary to meet the Paris Agreement’s temperature goal and thus the value of temporary
storage cannot be equivalent to an emissions reduction (the effect of which is inherently per-
manent; Brander and Broekhoff, 2023; Cullenward, 2023; Watson and Bui, 2026).

7~
.

XI. Box A3: Alternative approaches to addressing non-permanence

Tonne-year accounting

Tonne-year accounting is a crediting approach in which mitigation outcomes are recognised in-
crementally over time . Under this method, credits are issued in proportion to the length of time
carbon is kept in a store. After a so-called “equivalence period” the full volume of credits is reached
and any reversal happening afterwards is ignored. As a result, every year, only the fraction of the
achieved mitigation is credited which is covered by the share of the year in the “equivalence pe-
riod”, i.e. if the equivalence period is 100 years each year 1% of credit per tonne of CO, reduced or
removed will be granted. Rather than issuing full credits upfront, credits are thus granted progres-
sively for each year that carbon remains stored, with the credited fraction increasing over the de-
fined storage period. If a reversal occurs before the “equivalence period” is over, further credit is-
suance stops, and the credits already issued are considered to represent permanent mitigation.
The key aspect regarding environmental integrity is the duration of the “equivalence period” (FAQ,
2024). (Moura Costa and Wilson, 2000) had proposed 46 years, while (Herzog, Caldeira and Reilly,
2003) make it dependent on the future availability of a “backstop technology” that allows unlim-
ited permanent removals. If one would choose 1000 or even 10,000 years, then the annual credit

volume would be immaterial.

The tonne-year accounting method was considered under the PACM but following extensive de-
bate prompted by numerous stakeholder submissions, the SBM decided at its fifth session in 2023
not to adopt it, due to negative ecological implications, unsuitability for international applications
and lacking effectiveness in addressing reversals in line with the PACM mandate (UNFCCC, 2023).
The removals community focusing on geosphere pools felt that tonne-year accounting would un-
duly favour biospheric pools with high reversal risks. Environmental NGOs criticised the short
equivalence periods under consideration (50 to 100 years) as well as the inbuilt incentive to reverse
the store after a short duration. To counteract this incentive, NGOs proposed minimum storage

periods of 5-30 years before tonne-year accounting could be applied.
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Temporary crediting

Temporary crediting is an approach under which carbon credits are issued for mitigation out-
comes with reversal risks that are explicitly recognised as time-limited rather than permanent.
These credits remain valid only for a defined duration and expire after a set period or once a rever-
sal is detected during that period. Once a credit expires, it must be replaced to maintain the in-
tegrity of the original mitigation claim. This replacement can either take place by credits repre-
senting newly issued temporary credits or permanent ones. The temporary credit approach does
not face any reversal risks after its expiration. By assigning value to temporary carbon storage, this
approach can incentivise near-term mitigation while providing additional time for more perma-
nent mitigation outcomes to emerge. However, the obligation to replace expired credits creates
ongoing responsibility and uncertain-ty for credit holders, which has reduced its attractiveness in
carbon markets and limited its up-take beyond its initial implementation. The approach was for
example applied under the Clean Development Mechanism (CDM), particularly for afforestation
and reforestation activities, but it proved unattractive to buyers (Gillenwater and Seres, 2011). The
share of afforestation and reforestation credits in total CDM credits reached just 1%. Temporary
crediting is currently also applied for some credit types under the European Union’s (EU) Carbon
Removal Certification Framework (CRCF).

Building on the CDM experience, the SBM did discuss temporary crediting (see (UNFCCC, 2023),
p. 41). The argument that such credits are not attractive to buyers seems to have led to an exclu-

sion of this approach to deal with reversal risks.

XIll. Box A4: The “like-for-like” principle

The like-for-like principle holds that carbon credits should match the emissions they counterbal-
ance not only in quantity, but also in durability (Allen et al., 2022). In other words, equivalence
must extend beyond tonnes of CO, to include the length of time the climate benefit persists.
Emissions from fossil fuels — which can remain in the atmosphere for centuries to millennia -
should therefore be counterbalanced either through permanent emissions reductions or through
removals that ensure storage over a comparable time horizon (Streck et al., 2025b). By contrast,
shorter-lived GHGs may be aligned with mitigation outcomes that involve more limited durability,

including certain nature-based approaches like forest conservation or soil carbon sequestration.
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There is no universally agreed definition of the like-for-like principle. Some analyses, including
work by the Oeko-Institut, argue that flexibility in carbon markets should not permit the substi-
tution of permanent fossil CO, emissions with mitigation outcomes from land-use sectors that
carry material reversal risks (Graichen et al., 2025). From this perspective, credits exposed to non-
permanence risk cannot be considered equivalent to mitigation outcomes without such risk.
They also argue that allowing them to offset permanent emissions could undermine environmen-
tal integrity, particularly in light of growing evidence that some ecosystems are shifting from net
sinks to net sources (Carle et al., 2025; Li et al.,, 2025; Rodriguez-Veiga et al., 2025). It may also create

distributional concerns, as host countries could ultimately bear liability for future reversals.

In policy debates, the like-for-like principle is sometimes interpreted or presented as implying
that fossil emissions can only be offset through permanent, typically technical, carbon removals
(e.g., direct air carbon capture with storage (DACCS)). However, there is no scientific basis for ex-
cluding permanent GHG emission reductions from serving this function. At any sub-global level,
both permanent GHG emission reductions and permanent removals have the same effect on

global net emissions (Mollersten et al., 2024).

A strict like-for-like interpretation would favour buffers differentiated by activity types, so that
non-permanent, high-risk activities do not effectively underwrite more durable mitigation out-
comes. This, however, would make individual buffers more vulnerable to early depletion and in-
crease the risk of undercapitalisation in high-risk segments. There is therefore a basic trade-off:
aggregate, cross pool buffers maximise diversification and stability, while stricter like-for-like ap-
plication pushes towards more segregated, activity specific buffers with higher volatility. In addi-
tion, higher buffer requirements associated with high-risk activities mean that theoretically a
credit from such activities could, if no reversal occurs, yield more than one tonne of CO, reduced

or removed.
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Xlll.  Table Al Private carbon crediting programmes’ permanence requirements
ACR* ART TREES (3.0)* CAR* Gold Standard* Isometric* puro.earth Verra VCS*
(ACR, 2023, (ART, 2025b) (CAR, 2019, (Gold Standard, (Isometric, (puro.earth, (Verra, 2025c,
2024b, 20243) 20223, 2022b, 2025c, 2025e, 20253, 2025e, 20223, 2024, 2025b, 20253,

2023, 2024b) 2025c, 20253, 2026) 2026) 2025e, 2025d)
2025d)

Reversal risk assessment (see section 3.2 for further details)

Assess- AFOLU: Dedi- Risk assessment AFOLU: Project  AFOLU: Dedi- Programme- GCS: Methodol- ~ AFOLU: Dedi-

ment re- cated tool in results determine  operators re- cated guidelines level: Risk rever- ogy-specific re- cated tool in

quire- place providing the buffer pool quired to iden- in place sal question- versal risk esti- place

ments guidance contribution % tify and quantify naire provided. mation

GCS: Specific re-
quirements

risks based on
activity-specific
circumstances
(protocol-spe-
cific require-
ments)

Risk mitigation measures (see section 3.2 for further details)

Mitiga- AFOLU: Tool Three different
tion re- specifies mitiga-  mitigation factors
quire- tion principles for can be applied
ments some risk types

GCS: Storage-
level and meth-
odology specific
requirements

AFOLU: Speci-
fied risk mitiga-
tion measures
can lower the
overall risk rat-

ing

GCS: Specific re-
quirements in
place

AFOLU: De-
pending on
score, risk miti-
gation measures
must be devel-
oped and de-
tailed in a plan

GCS: Require-
ments are given
in two dedicated
GCS tools

Determination of scale and applicability of compensation mechanism requirements

Relevant risk
factors also
specified at pro-
tocol level and
included in
monitoring plan

AFOLU: Proto-
col-specific re-
quirements
GCS: Protocol-
specific require-
ments

GCS: Methodol-
ogy specific re-
quirements. Pre-
emptive mitiga-
tion is required
where material
risks are identi-
fied

GCS: Dedicated
GCS tool in place
only applicable
to geological
storage of COs in
reservoirs

AFOLU: Exem-
plary mitigation
measures pro-
vided in tool

GCS: Tool out-
lines well design
requirements.
Site characteri-
sation is re-
guested with
high-risk sites
excluded
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ACR* ART TREES (3.0)* CAR* Gold Standard* Isometric* puro.earth Verra VCS*
(ACR, 2023, (ART, 2025b) (CAR, 2019, (Gold Standard, (Ilsometric, (puro.earth, (Verra, 2025c¢,
2024b, 20243) 20223, 2022b, 2025c¢, 2025e, 20253, 2025e, 20223, 2024, 2025b, 20253,
2023, 2024b) 2025c, 20253, 2026) 2026) 2025e, 2025d)
2025d)
Buffer AFOLU: Pooled Combined buffer  AFOLU: Buffer AFOLU: Gold Biosphere: Pro- GCS: No buffer AFOLU: AFOLU
pool de- buffer across ter- pool that contains pool covers ac- Standard Com- tocol-specific pool in place pooled buffer
sign restrial seques- contribution from  tivity types with  pliance Buffer buffer pools account availa-
tration projects all participants Einean\;tgldeglbrllzlieo_f geccr;ss LUF pro- GCS: Protocol- ble
GCS: Fixed % of versal with hold- ] specific buffer GCS: GCS pooled
credits in Reserve . GCS: Standard pools in ac- buffer account
i ing accounts for : - .
Account which the different ac- Compliance counts specific available
exists until pro- HiVity tYpes Buffer for GCS to each PP
jectterm end yyp projects. If rever-
and Risk Mitiga- sal occurs after
tion Covenant crediting period,
must be in place credits held in
post-injection buffer pool are
cancelled to
compensate
Buffer AFOLU: Depend- Basedonreversal AFOLU: Proto- AFOLU: 20% GCS: Pro- GCS: No buffer AFOLU: De-
pool/re- ent on risk as- risk assessment: col-specific; fixed contribu- gramme level pool contribu- pendent on risk
serve sessment. Cred- Contribution sometimes de- tion. Upon writ-  categorised risk  tion. assessment.
contribu- its may come range of 5-30% pendent onrisk  ten notice level with fixed % . Credits from
R . . . . If the fraction of =
tion re- from project it- assessment re- at/prior to issu- for buffer pool . same activity to
. . . . stored CO2 is )
quire- self or from any sult or use of de- ance, credits contribution. be contributed
. ; <99% over the
ments ACR-issued cred- fault parame- from other GS- CO; storage in . .
. . : . e . L first 100 years GCS: Dependent
incl. com- its held in the ters. Credits of certified projects reservoirs is clas- . -
s , . . - (based on risk on result of risk
position PP’s account the same activity instead of pro- sified as very low
. . - . . . assessment) and assessment.
of contri- (with vintages no type must be ject credits reversal risk, 2% . .
., . . cannot be miti- Credits from
bution older than five contributed buffer pool con-

years)

GCS: 10% of cred-
its annually in
Reserve Account,

GCS: 2.5% fixed
contribution.
PPs have 3 op-
tions: Use
GSVERs

tribution applied
as a precaution

gated the PP
needs to apply a
commensurate
deduction to the

same activity to
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Minimum 1% to
Mmaximum ac-

ceptable rating
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ART TREES (3.0)*
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Gold Standard*
(Gold Standard,
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puro.earth
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Reversal
coverage
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mecha-
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proaches

either from the
project or any
other project
type or vintage

AFOLU: Pool
compensates for
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pensates for una-
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Covering all rever-
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Programme- =
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use of ACR-ap-
proved insurance
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AFOLU: Other
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in future (e.g., in-
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the use of insur-
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with reversal
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party insurance;
does not alter
buffer pool size

reported output
volume

GCS: No buffer
pool contribu-
tion, but ac-
counting for
avoidable and
unavoidable re-
versals

GCS: Reversal
guantity sub-
tracted from
output volume
or credits with-
drawn and inval-
idated from CO,
removal supplier
account (ideally
same type)

of 7% of annual
COs; injection
goes to buffer
pool. Higher
than 7% are re-
jected

AFOLU & GCS:
Covering una-
voidable and
avoidable rever-
sals. In case of
avoidable rever-
sals, buffer must
be replenished
with equivalent
amount

Programme-
level: For now,
fully reliant on
buffer pool. Cur-
rently piloting
insurance and
fund-based ap-
proach
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ACR*
(ACR, 2023,
2024b, 2024a)

ART TREES (3.0)*
(ART, 2025b)

CAR*

(CAR, 2019,
20223, 2022b,
2023, 2024b)

Gold Standard*
(Gold Standard,
2025c, 2025¢,
2025c, 20253,
2025d)

Isometric*
(Isometric,
20253, 2025e¢,
2026)

puro.earth
(puro.earth,
20223, 2024,
2026)

Verra VCS*

(Verra, 2025c¢,
2025b, 20253,
2025e, 2025d)

Fre-
quency of
monitor-
ing for re-
versals
(during
crediting
period
and PCM
period)

Length of
monitor-
ing pe-
riod incl.
PCM
specifica-
tions

AFOLU: Ongoing
monitoring re-
quirements in
methodologies
(at verification)

GCS: Detailed
post-injection
monitoring to
demonstrate
permanent se-
questration of
CO; captured
and stored. On-
going reversal
monitoring re-
quirements spec-
ified in meth.

AFOLU: At least
40 years from
start of the cred-
iting period (min-
imum project
term)

GCS: Minimum
post-injection
period for GCS
projectsis 5
years, if no leak-
age cannot be
assured the

Monitoring re-
ports are due in
calendaryear1,3
and 5 of crediting
period. No moni-
toring report in
PCM period. Each
monitoring to
identify annual
buffer contribu-
tion and all justifi-
cations

Monitoring is not
required after a
participant exists
the programme

For CORSIA: Moni-
toring and report-
ing required for a
min. of 5-year
crediting periods

AFOLU: Proto-
col-specific rules

E.g., US. Forest
Protocol: Annual
reporting

AFOLU: De-
pending on pro-
tocol-specific re-
guirements

E.g., US. Forest
Protocol: 100
years following
issuance of CAR
credits

AFOLU: Annual
summary of
monitoring in-
formation, moni-
toring report at
verification

GCS: Monitoring
during injection,
and post injec-
tion. No single
fixed frequency

AFOLU: 30-50
years from start
of crediting pe-
riod. No PCM re-
guirements

GCS: Max. credit-
ing period is 45
years. Monitor-
ing in post injec-
tion until closure
criteria are met
(1ISO 27914) and
regulators

Protocol-spe-
cific rules. Risk
assessment to
design monitor-
ing plan require-
ments incl. ex-
tent, frequency
and duration of
monitoring

AFOLU: Method-
ology-specific re-
guirements, at
least 40 years
from end of
crediting period

GCS: Methodol-
ogy-specific re-
quirements, pro-
ject duration
complemented
by 50 years of
post-injection

GCS: Verification
and monitoring
safeguards: An-
nual third-party
audits of re-
ported CO; re-
moval outputs
ensure that is-
sued credits cor-
respond to veri-
fied removals
and allow cor-
rections if dis-
crepancies are
found

GCS: Methodol-
ogy-specific
length require-
ments. Post-in-
jection monitor-
ing is required
until plume sta-
bility is demon-
strated, typically
for 20-50 years
under applicable
regulations

AFOLU: Monitor-
ing report to be
submitted at
verification. No
gaps between
monitoring peri-
ods allowed

GCS: Min. once
per monitoring
period (not spec-
ified). Monitoring
must continue
for at least 10
years post-injec-
tion or longer if
required and de-
livered annually

AFOLU: At least
40 years from
start of crediting
period. Long-
term monitoring
system may be
leveraged (still
under develop-
ment)

GCS: Post-injec-
tion monitoring
until site closure,
with a minimum
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ACR*
(ACR, 2023,
2024b, 2024a)

ART TREES (3.0)*
(ART, 2025b)

CAR*

(CAR, 2019,
20223, 2022b,
2023, 2024b)

Gold Standard*
(Gold Standard,
2025c, 2025¢,
2025c, 20253,
2025d)

Isometric*
(Isometric,
20253, 2025e¢,
2026)

puro.earth
(puro.earth,
20223, 2024,
2026)

Verra VCS*

(Verra, 2025c¢,
2025b, 20253,
2025e, 2025d)

Cessation
of moni-
toring

monitoring will
be extended in 2-
year increments

AFOLU: Activities
deemed to have
ceased (early
project termina-
tion)

GCs: -

Reversal notification, report and consequences

Reversal
notifica-
tion

Conse-
quences
of rever-
sal notifi-
cation

Programme-
level: Within 10
business days af-
ter becoming
aware

Programme-
level: Within 6
months, full
monitoring re-
port must be
submitted

Compensation for reversals

Pro-
gramme-

If compensation
is not provided
by PPs, ACR may

Annual buffer
pool contribution
increases by 5%
for a 5-year period
during which no
mitigating factors
to be claimed

If reversals exceed
number of credits
contributed to

AFOLU: Deemed
avoidable rever-

sal, full remedia-
tion required for

respective moni-
toring period

AFOLU: Proto-
col-specific re-
guirements

AFOLU: Submis-
sion of detailed
report within
one year

If avoidable re-
versals are not
compensated by

confirm long-
term contain-
ment is ensured

Programme-
level: De-certifi-
cation/-registra-
tion is consid-
ered full reversal
of all GSVERs is-
sued to project

Programme-
level: Within 30
days of discovery
of loss event

Programme-
level: Submis-
sion of detailed
report within
three months of
initial notifica-
tion

If the developer
fails to compen-
sate the loss,

monitoring, un-
less otherwise
specified

Programme-
level: Deemed
avoidable rever-
sal

Programme-
level: Within 1-3
days

Programme-
level: No sub-
mission deadline
specified for full
report

If buffer pool is
depleted, addi-
tional credits

GCS: Production
facility deregis-
tered

GCS: Within 5
days of detec-
tion

GCS: No addi-
tional report. Re-
versal must be
calculated and
subtracted from
total removals,
which is audited
that year

If due to the fail-
ure of the CO,
Removal

post-injection
care period of
seven years

AFOLU:
Deemed avoida-
ble reversal

GCS: Not indi-
cated in docu-
mentation

Programme-
level: Within 30
days

Programme-
level: Submis-
sion of detailed
report within
two years

If loss event re-
port is not sub-
mitted in time,

129



Managing reversal risk: Assessment, mitigation and compensation

persnectives"J.

climate research

ACR*
(ACR, 2023,
2024b, 2024a)

ART TREES (3.0)*
(ART, 2025b)

CAR*

(CAR, 2019,
20223, 2022b,
2023, 2024b)

Gold Standard*
(Gold Standard,
2025c, 2025¢,
2025c, 20253,
2025d)

Isometric*
(Isometric,
20253, 2025e¢,
2026)

puro.earth
(puro.earth,
20223, 2024,
2026)

Verra VCS*

(Verra, 2025c¢,
2025b, 20253,
2025e, 2025d)

level
backstop

cancel credits
from the buffer
pool

buffer pool, result-
ing deficit to be
covered by partic-
ipant. If partici-
pant does not
have sufficient
credits in account,
future credits is-
sued to be set
aside or equiva-
lent TREES credits
to be purchased.
After exit of a par-
ticipant, ART can-
cels any of its un-
used buffer pool
contribution

PPs, CAR will re-
tire buffer pool
credits. If buffer
pool does not
contain suffi-
cient supply of
activity type-
specific credits,
CAR to retire
credits of an-
other type. Fur-
ther safeguards
specified in case
aggregate buffer
pool is still not
sufficient to ad-
dress unavoida-
ble reversals

Gold Standard
can use credits
available in the
project’s ac-
count to cover
the reversal or
introduce fur-
ther options for
the PP to recon-
ciliate lost
GSVERs in the
future

from future re-
movals by PP
are directed to
replenish the
buffer until the
reversal is fully
compensated,;
the programme
also commits to
ensuring full
compensation
for reversals af-
fecting issued
credits

Supplier to per-
form these obli-
gations there is
a reversal event,
CO; Removal
Supplier is liable
foritandis
obliged to pro-
vide compensa-
tion

further VCUs not
to be issued and
pooled buffer
account credits
put on hold until
report is submit-
ted

AFOLU pooled
buffer account
subject to peri-
odic reconcilia-
tion

GCS projects be-
come ineligible
if a reversal >10%
of the injected
volume of the
project
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XIV.

carbon pools

Table A2. Comparative overview of individual reversal risk factors assessed across major carbon crediting programmes for biospheric

ACR (ACR, 2024b)

CAR (CAR, 2019, 2023,
2024a)

GS4GG (Gold Standard,
2025c)

TREES (draft 3.0)

VCS (Verra, 2025c)

Risk scope
& taxon-
omy

Differentia-
tion by ac-
tivity type
and carbon
pools

Risk typol-
ogy

Differentiating two broad
categories: Management
and governance risks, nat-
ural disaster risks with fur-
ther sub-categories

Applicable to AFOLU pro-
jects with the potential for
GHG emission reductions
and removals to be re-
versed. Tool differentiates
between risk categories
applicable to all AFOLU
projects and those appli-
cable only to specific ac-
tivity types: lllegal logging,
biotic and hydrological
risks to be assessed for
forest projects; hydrologi-
cal risks to be assessed for
wetland, grassland pro-
jects

Predefined risk sub-cate-
gories > Natural disaster
risks sub-categories: wild-
fire, biotic, hydrologic,
other natural disaster

Differentiating 4 broad
risk categories across pro-
tocols: Financial, manage-
ment, social & political,
natural disturbance risks

Differentiation by activity
type due to protocol-spe-
cific approaches. Carbon
pools are often referred to,
but risk assessment does
not consider carbon pools

Predefined risk types, usu-
ally the same across dif-
ferent protocols = Natural
disturbance risk types:
wildfire, disease/insects,
other episodic cata-
strophic events (e.g., wind,
flooding event)

Differentiation of six risks:
Natural disturbance, polit-
ical, project management,
financial, market, other
with further sub-catego-
ries

Applicable to all agricul-

ture and forestry activities.

No further taxonomy
specified, but risk factors
include vulnerability of
carbon pools as part of
scoring.

Predefined risk sub-cate-
gories > Natural disturb-
ance sub-categories: fire
damage, wind damage,
temperature extremes,
water extremes, climate
variability, geological ex-
treme events, animals,
pest and disease out-
breaks

Following Cancun Safe-
guards VI or F: Actions to
address the risks of rever-
sals. The risk of reversals
is integrated in the de-
sign, prioritization, imple-
mentation, and periodic
assessments of REDD+
polices and measures.
Focus on REDD+ but no
actual differentiation ac-
cording to activity type
and/or carbon pools

TREES depends on the
Cancun Safeguards VI or F
for REDD+, where coun-
tries need to define and
have verified their risk as-
sessment and typology.

Differentiating three
broad categories: Internal,
external and natural risks.
These are further classi-
fied into sub-categories

Applicable to AFOLU pro-
jects (GHG removals or
avoided emissions
through carbon sinks).
Tool assesses risk factors
that vary by activity type
characteristics (e.g., for-
estry vs agricultural land
management). No carbon
pool differentiation

Predefined risk sub-cate-
gories

- Natural risks sub-cate-
gories: historical natural
risks including at least fire,
pest and disease, extreme
weather events (e.g.,
droughts, hurricanes), ge-
ological risks (e.g., volca-
noes, earthquakes); pro-
jected future climate
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ACR (ACR, 2024b)

CAR (CAR, 2019, 2023,
2024a)

GS4GG (Gold Standard,
2025c)

TREES (draft 3.0)

VCS (Verra, 2025c)

Assess-
ment of re-
versal risk
likelihood,
magnitude
(severity)
and spatial
scale

Transpar-
ency and
documen-
tation re-
quirements

Spatial hazard layers at
sub-category level (e.g.,
Wildfire Hazard Potential),
scoring reflects exposure
but does not explicitly
model frequency x mag-
nitude

E.g., wildfire risk of US-
based forest projects is
assessed based on na-
tional digital spatial data.
For forest projects outside
the US, an approach can
be proposed subject to
verification and ACR ap-
proval.

Sometimes default values
are provided for specific
activity types and sub-cat-
egory calculations that
can be applied instead of
propping a project-spe-
cific approach.

Reversal risk analysis to be
reported as appendix to
project plan at validation,
later added to monitoring
report.

Use of government-
backed digital spatial da-
tasets to determine wild-
fire, biotic and hydrologi-
cal risks for US-based for-
est projects

Protocol-specific but no
assessment based on like-
lihood, magnitude or spa-
tial scale

E.g., U.S. Forest Protocol
requires use of provided
Assessment Area Data
File to identify specific
natural disturbance risk
rating. File puts an em-
phasis on species compo-
sition. Default values are
provided for certain risk
types.

E.g., US. Urban Forest
Management applies a
6% default contribution of
issued project credits to
buffer pool without any
risk rating specifications
E.g., Panama Forest Pro-
tocol: Application of dif-
ferentiated default values
based on land tenure cat-
egories

Protocol-specific require-
ments

E.g., U.S. Forest Protocol:
For mitigation measures,
documentation require-
ments are specified

Per subcategory: Overall
risk is determined based
on three factors: Project
exposure (probability), vul-
nerability of carbon pools
(inherent capacity), spatial
scale (extent).

Exposure: High = once in
10 years, medium = once
in 20 years; low < once
every 20 years
Vulnerability: High = fully
destroy GHG benefit; me-
dium = harm to benefit
but recovery in 5 years;
low = harm to benefits
but recoveryin<5y
Spatial scale: High = 50%
of area; medium = 10-50%;
low = 5-10%

Justification of rating of
risk factors must be based
on credible sources (e.g,,
peer-reviewed reports
and studies, maps, credi-
ble websites etc.)
Anecdotal evidence not
accepted as primary evi-
dence

TREES depends on the
Cancun Safeguards VI or F
for REDD+, where coun-
tries need to define and
have verified their risk as-
sessment including the
likelihood, magnitude and
spatial scale.

Justification needs to be
provided together with
monitoring report and ref-
erencing Cancun Safe-
guards VIl or F for REDD+

change & sea-level rise
impact

Historical natural risk is
determined based on
likelihood (event occur-
rence over 100-year pe-
riod) and significance (%
of average carbon stocks
in project area lost in sin-
gle event)

Historical likelihood (high
to low): >1 peri0 years; 1
per 10-<25 years; 1 per 25—
<50 years; 1 per 50-<100
years; <1 per 100 year
Significance: Catastrophic
(=2 70% loss of carbon
stocks); devastating (50-
<70%); major (25-<50%);
minor (5-<25%); insignifi-
cant (<5% loss or fully re-
covery within 10 y)

PPs must clearly docu-
ment and substantiate se-
lected risk scores. Histori-
cal event occurrence
must be determined
based on historical rec-
ords, probabilities, remote
sensing data, peer-re-
viewed literature, survey
data, documented local
knowledge
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ACR (ACR, 2024b)

CAR (CAR, 2019, 2023,
2024a)

GS4GG (Gold Standard,
2025c)

TREES (draft 3.0)

VCS (Verra, 2025c)

Minimum
time-series
require-
ments

Conserva-
tiveness
and treat-
ment of
uncertainty

Identifica-
tion of risk-
specific
mitigation
measures

In general, justification
through substantiated
source (clearly defined) re-
quired for natural disaster
risks

Less emphasis on long
historical time series in
proposed concrete ap-
proaches

Default scores where data
incomplete

Tool also accounts for
other natural disaster risks
that are not further speci-
fied by applying default
value of 2%. No clarifica-
tion on risks provided
though

For some risks (e.g., wild-
fire risks), basic principles
for specific mitigation
measures are provided
and referenced in the tool
and effectiveness evi-
dence backed up by at
least one source is re-
quired

No fixed historical dataset
length across protocols

Not specified in any of the
protocols

Protocol-specific mitiga-
tion measures specified.
Mitigation measures often
require state agency ap-
proval or oversight of pro-
fessional & CAR approval
E.g., U.S. Forest Protocol:
Qualified Conservation
Easement, Qualified Deed
Restriction. For wildfire
risks, vegetation manage-
ment treatments can
lower rating if approved
by state agency or CAR
E.g., US. Urban Forest
Management: Due to de-
fault contribution, no
measures specified

Scores must be selected
based on project’s long-
term implementation
risk, which is not further
specified

Scoring guidance cau-
tions against bias, but un-
certainty framework is not
specified

Depending on the actual
risk score, risk mitigation
measures are required.
Adequacy of measures to
be evaluated by VVBs

Monitoring under ART is
not required after a Par-

ticipant exits the program.

Uncertainty framework
given for activity data and
emission factors to lower
the risk of over-crediting.
Uncertainty also captured
in risk assessment on like-
lihood, magnitude and
spatial scale following the
Cancun Safeguard Vior F
for REDD+

Standard (3.0) identifies
three mitigating factors:
legislative support REDD+
(-5%); demonstrated inter-
annual variability of less
than 15% (-10%) and
demonstrated national re-
versal mitigation actions
in line with Cancun Safe-
guard Vi or F (-5%)

Risks to be assessed over
a 100-year period using
current conditions and in-
formation

If data over 100-year pe-

riod is not available, con-
servative extrapolation

or estimates to be used

for event occurrence. No
uncertainty framework

Tool includes examples
for natural risk mitigation
measures regarding fire,
pest/disease or extreme
weather risks but no spec-
ification of mandatory
measures
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ACR (ACR, 2024b)

CAR (CAR, 2019, 2023,
2024a)

GS4GG (Gold Standard,
2025c)

TREES (draft 3.0)

VCS (Verra, 2025c)

Aggrega-
tion rules
and overall
risk rating

Climate
change risk
amplifica-
tion/con-
sideration

Equations for each sub-
category calculation are
provided. Reversal risk
mitigation measures may
result in general risk ad-
justments due to conser-
vation commitment ad-
justment or a diversified
risk adjustment. Mitiga-
tion adjustment % are
provided at sub-category
level in tool
Equation-based aggrega-
tion of categorical scores
to determine final buffer
% contribution

No explicit multiplicative
climate adjustment factor,
risk calculations largely
based on current hazard
datasets

Protocol-specific as some
require risk rating calcula-
tion and others apply de-
fault values

For risk rating: Category-
specific risk ratings are
first summmed to produce
a total risk rating. That to-
tal risk rating is then sub-
tracted from 100% to de-
termine the project’s
buffer pool contribution %

Climate-related impacts
are not explicitly consid-
ered across protocols

Per subcategory, the risk
factors are rated as high,
medium, low or no im-
pact. Scores are then mul-
tiplied to calculate the ac-
tual risk. If mitigation
measures are required, a
“corrected score” is to be
calculated following their
implementation.

Climate variability is sub-
category and within it,
separate scoring for pre-
dicted long drought pe-
riod, seasonal variability in
rainfall pattern, increase
in extreme events and
other (optional) might be
required.

Starting level of reversal
risk of 25% is put forward
which can be lowered by
demonstrating existence
of mitigating factors. In-
crease of 5% after reversal
event.

Consideration of climate
change risks is not speci-
fied in standard, identified
in country reports follow-
ing Cancun Safeguard VI
orF.

Likelihood and signifi-
cance is determined for
each natural risk applica-
ble to activity and multi-
plied with mitigation
score (if appropriate). Sub-
total risk is aggregated
and multiplied with future
climate change impact
factor if applicable. Total
natural risk equals sum of
climate-related natural,
non-climate natural & sea
level risk

Overall rating is sum of in-
ternal, external and natu-
ral risk score

Projected future climate
change impacts to be as-
sessed based on climatic
impact drivers which can
have a positive or nega-
tive impact on project. In
some cases, must be justi-
fied based on peer-re-
viewed or grey literature.
Drivers generate an am-
plifying factor that in-
creases the historic natu-
ral risk score. Sea level rise
risk to be assessed in
coastal zones.

Risk from projected future
climate change can be
lowered (40% reduction of
amplifying factor) if PPs
demonstrate at least 5
adaptive capacity criteria
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ACR (ACR, 2024b)

CAR (CAR, 2019, 2023,
2024a)

GS4GG (Gold Standard,
2025c)

TREES (draft 3.0)

VCS (Verra, 2025c)

Risk
thresholds,
pass/ fail
gates
Periodic re-
view and
update
based on
monitoring
data

No explicit fail gate speci-
fied

Mandatory reassessment
at least every 5 years or
upon material change

No risk thresholds or fail
gates specified in proto-
cols

Protocol-specific

U.S. Forest Protocol: Risk
rating to be recalculated
every year project under-
goes verification site visit

Corrected score threshold

Initial risk assessment and
mitigation plan to be up-
dated at time of certifica-
tion renewal

No thresholds or fail gates
specified

No periodic review men-
tioned in Cancun Safe-
guard VIl or F, time inter-
val to be decided by coun-
try.

Participants in ART are re-
quired to report following
calendar years 1,3 and 5 of
each crediting period

Overall risk thresholds
and category-level thresh-
olds that determine pro-
ject eligibility

Risk tool applied at valida-
tion, reassessment re-
quired at verification and
upon significant events
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XV.

grammes for geospheric carbon pools

Table A3. Comparative overview of individual reversal risk factors are assessed across major carbon crediting pro-

GS4GG (Gold Standard,

Isometric (Isometric, 2024,

Puro.earth (puro.earth,

VCS (Verra, 2024c, 2025e,

20253, 2025¢, 2025d) 20253, 2025b, 2025d, 2025¢c, 2022a, 2022b, 2024, 2024, 2025a, 2025b)
2026) 2026)
Risk scope & taxonomy Differentiation of four risks Based on the Questionnaire Differentiation of four risks: Differentiation of five risks:
for engineered removals: provided in Appendix C: 1. Nature-induced risks 1. Regulatory frame-
1. Activity finance and 1. Natural disasters (e.g., flora, fauna, or climate work risk;
management, asset owner- (e.g. floods, earthquakes conditions) 2. political risk;
ship, rising opportunity costs fires; question 5) 2. Human-induced 3. land and resource
2. Regulatory uncer- 2. Human-induced risks (e.g., design and con- tenure risk;
tainty and social instability, events from outside actors struction faults, operational 4., closure financial risk;
political, governance and le-  (e.g.change in ownership risks) 5. design risk

Differentiation by activity
type and geospheric car-
bon pools

Assessment of reversal risk

gal risks, acts of terrorism,
crime, and war.

3. Natural disturbances
and extreme events
4. Climate change im-

pacts exacerbating any of
the above risks.

Applicable to different activ-
ity types (incl. ERW, DACCS,
BECCS) and geospheric car-
bon pools (incl. formations,
mineralisation, products).
Risks further differentiated
in dedicated methodolo-
gies/ tools
Methodology-specific risks
(“Carbon mineralization us-
ing reactive mineral waste”)
Refers to reversal risk assess-
ment in the applied meth-
odology and/or tool.

A tool for “Reversal Risk Cal-
culations for Geological

and management of project
sites; question 6)

The questionnaire is de-
signed so that CO; storage
in open systems will have
lowest risk of reversal score,
as an additional precaution,
but the risk should be cov-
ered by the uncertainty as-
sessment

Specific risks differentiated
in distinct protocols for four
different storage pools

High-level questionnaire on
reversal risk assessment is
provided in Appendix C
Protocols for storage in sa-
line aquifers or in situ

3. Geopolitical risks
(e.g., potential effects of the
legal and political environ-
ment)

4., Any additional fac-
tors mentioned in the appli-
cable Methodology

Specific risks addressed in
distinct methodologies for
three activities based on ge-
ospheric storage pools

Generally, reversal risks for
geological storage is consid-
ered to be low or very low
Standard requires quantita-
tive estimation of

Applicable to storage in for-
mations. Further distinction
into several storage modules
(carbon pools) planned; so
far, only a methodology for
storage in formations is op-
erational

Scores are given based on
the characteristics of the
covered risk dimensions
Risk categories have a score
of O when stable political
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GS4GG (Gold Standard,
20253, 2025e, 2025d)

Isometric (Isometric, 2024,
20253, 2025b, 2025d, 2025c¢,
2026)

Puro.earth (puro.earth,
20223, 2022b, 2024, 2024,
2026)

VCS (Verra, 2024c, 2025e,
2025a, 2025b)

Assessment of reversal risk
likelihood, magnitude (se-
verity) and spatial scale

Transparency and docu-
mentation requirements

Minimum time-series re-
quirements

Storage” which assigns risk
scores to the three covered
risk types (Example for stor-
age in formations (NPR
tool): Base storage risk, clo-
sure risk and regulatory risk)

Procedure not detailed at
requirement-level, but set-
ting guardrails for assess-
ment in applied methodolo-
gies/tools:

1. |dentification, evalu-
ation, quantification, and
scoring of reversal risks

2. Evaluation nature,
scale, likelihood, and dura-
tion of potential reversals

3. Prescribing percent-
age-based risk rating and/or
default percentage

NPR results are part of the
applicability conditions of
the project which are to be
described in the PDD

The related maximum score
applied to Riskciosure IS cON-
servatively based on the
maximum cumulative

mineralisation in (ul-
tra)mafic rocks categorise
the risk of reversal to be very
low

Storage in depleted hydro-
carbon reservoirs is to be
determined case by case
Carbonation in the built en-
vironment is assessed
through high temperatures
and low pH

ERW does not require risk
reversal assessment

GCS (saline aquifer protocol):
Key risks (most likely) are
CO2 mobility: CO2 can mi-
grate outside of the identi-
fied storage boundary
Pressure changes: causing
seal breach

And chemical changes:
chemical and mineral reac-
tion can plug reservoirs pre-
venting injection

Reversal risk assessment to
be included in PDD. If rever-
sal risk of a project is higher
than the one outlined in re-
spective protocol, this must
be documented and justi-
fied in PDD

CO. storage needs to be du-
rable on geological time-
scales. If not explicitly

differentiated risk types.
Standard and methodolo-
gies leave freedom regard-
ing risk assessment to PPs.
Methods utilised for estima-
tion must be scientifically
justifiable and detailed in
the reversal risk estimation.
Further details in specific
methodologies

Standard requires estima-
tion of risk impact and likeli-
hood of every material risk.
Methods used for estimation
must be scientifically justifi-
able and detailed. Further
details in specific methodol-
ogies.

Risk estimation must de-
scribe methods and values
used to estimate impact and
likelihood, e.g. statistical
methods, peer-reviewed sci-
entific literature or local reg-
ulations and guidelines
Long-term duration refers to
the duration of carbon stor-
age and is defined as a mini-
mum length of 100 years.

environment is in place, that
owns the pore space and fa-
vours COz storage and has
clear rules for transfer of lia-
bility post closure. PP has a
well design fitting for CO>
handling and access to all
relevant well data

Minimum score of 1is given,
when PP has secured fund-
ing for post injection site
care, and maximum of 5 if
no funding is secured

No determination of level of
reversal risk

PPs shall document and
substantiate the risk analysis
covering each risk factor ap-
plicable to the project

The permanence of geologi-
cal COz storage is intended
for thousands of years. It is
acknowledged that
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GS4GG (Gold Standard,
20253, 2025e, 2025d)

Isometric (Isometric, 2024,
20253, 2025b, 2025d, 2025c¢,
2026)

Puro.earth (puro.earth,
2022a, 2022b, 2024, 2024,
2026)

VCS (Verra, 2024c, 2025e,
2025a, 2025b)

Conservativeness and
treatment of uncertainty

Identification of risk-spe-
cific mitigation measures

leakage rates observed by
EERC using statistical mod-
elling over a 100-year hori-
zon.

Uncertainty determination is
linked to the monitoring of
stored COz and is quantified
in the methodology for the
project activity and any ded-
icated tools (e.g., TOOL 3 for
GCS).

Mitigation measures for GCS
are given in Annex 1 of TOOL
3: Regulatory approval of
storage site, reservoir char-
acterisation, well infrastruc-
ture design, monitoring and
closure plan with secured
funding for the closure pe-
riod

specified, the default dura-
bility threshold is 1000 years.

Appendix A addresses the
types, Appendix B the step-
wise assessment of uncer-
tainties related to removal
quantification. The steps are:
1. Input parameter infor-
mation; 2. Contribution anal-
ysis; 3. Sensitivity analysis.
The assessment must be
based on best practices.
Uncertainties addressed by
applying uncertainty dis-
counts to some specific ac-
tivities with open storage
systems, e,g. ocean storage.
Conservative assumptions to
be considered in all calcula-
tions

Permitting and site charac-
terisation of the saline aqui-
fer protocol states key miti-
gation measures for GCS:
Regulatory permitting, res-
ervoir characterisation and
well construction. Monitor-
ing plan and closure plan

In the methodology 2 labels
are possible, CORCI00+ or
CORCI1000+, communi-
cating the storage durability
of the methodology.

Standard sets requirements
for methodologies: Con-
servative assumptions must
be taken throughout all cal-
culations. Methodologies
must identify and consider
all material risks and estab-
lish guidelines and require-
ments on their assessment
and documentation. Quanti-
fication must be conserva-
tive, statistical models or cal-
ibration records are pre-
ferred. If necessary, external
sources (e.g. peer reviewed
literature) may be used
Further specific details cov-
ered in methodologies
Pre-emptive risk mitigation,
management and reporting
practices required if material
risks. Key mitigation
measures for CO; storage
are site selection and stor-
age complex characterisa-
tion, well design, monitoring
PPs must demonstrate abil-
ity to fulfil obligations from
validated monitoring plan

assessment over this time-
scale is not feasible, hence
the injection and post-injec-
tion monitoring with closure
criteria based on predictive
statistical modelling.

Uncertainties are applied in
the methodology and dedi-
cated modules for capture,
transport and storage

NPR tool has an additional
appendix with well design
requirements

GCS-related risks and re-
quest for assessment are in-
cluded in GCS Requirements
and include site selection
and storage complex char-
acterisation, well design,
monitoring and closure plan
with liability transfer if appli-
cable
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GS4GG (Gold Standard,

Isometric (Isometric, 2024,

Puro.earth (puro.earth,

VCS (Verra, 2024c, 2025e,

20253, 2025¢, 2025d) 20253, 2025b, 2025d, 2025¢, 2022a, 2022b, 2024, 2024, 20253, 2025b)
2026) 2026)
Aggregation rules and Risk rating is calculated for Fixed risk rating in protocol. NA Risk rating is calculated for

overall risk rating

Climate change risk ampli-
fication/consideration

Risk thresholds or pass/fail
gates

Periodic review and update

each of the 3 risk categories.
The 3 sub-scores are added
up to determine buffer pool
contribution. Risk rating
ranges between 1-8.5%

“Climate change impacts ex-
acerbating any of the above
risks” is one of the four risks
covered, but not further
specified

Ocean fertilisation and deep
ocean storage are not eligi-
ble due to uncertainties sur-
rounding proportion of bio-
genic carbon transferred to
deep ocean

Activities rated “non-eligi-
ble” if risk assessment yields
“material risk of reversal”.
GCS risk rating should not
be above 6.7%

Reversal risk assessment to
be reviewed at each verifica-
tion and revised every 5
years or in case of specific
circumstances

In some activities, risk rat-
ings are deliberately kept
low, while conservativeness
is built into the uncertainty
assessment (e.g., for open
storage systems such as
ERW)

NA

NA

Every 5 years or in case of
specific circumstances

Considered in the probabil-
ity and severity of risk items.
Example of risk matrix for
GCS contains air/atmos-
phere, surface — near surface
(drinkwater sources con-
tamination), ownership and
environment and commu-
nity

NA

Periodical updates of risk as-
sessment required, but not
specified

each of the 5 risk categories.
The 5 sub-scores are added
up to determine buffer pool
contribution. Risk rating
ranges between 1-7%

The VCS Program sets re-
quirements to avoid or mini-
mize negative impacts on
biodiversity and ecosystems,
risk mitigation in GCS pro-
jects is also concerned with
unanticipated COz loss from
the storage reservoir to adja-
cent formations impacting
underground sources of
drinking water and/or other
subsurface resources.

Risk ratings above 7% are in-
eligible and when a reversal
occurs where >10% is lost
compared to the total in-
jected volume of the project
will become ineligible

Project risk assessments are
subject to periodic review by
Verra, through sample re-
view
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