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Editorial note
Key takeaways

An introduction to REDD+

Payments for ecosystem services programs appear effective but have important flaws

PES programs such as REDD+ involve results-based payments for environmental
services

Academic research suggests PES is highly effective at reducing deforestation

The only randomized controlled trial of PES suggests that its effect on REDD+
enrollees is high (88% reduction in forest loss) but enrollment is low (32% enrolled),
leading to an overall reduction in forest loss of 54%

Non-RCT research suggests that payments are effective at reducing tree cover loss
(by 35%-50%), but warns of significant reversal upon discontinuation of payments

We estimate with medium-high confidence that 60%-100% of reported emissions
reductions are additional and would not have occurred without REDD+

Historical data and empirical evidence suggest that reference-level gaming has been
a threat to additionality

Gaming aside, accurately assessing counterfactual emissions can be both practically
and methodologically difficult, though experimental evidence and recent REDD+
advancements leave us optimistic

We estimate with low confidence that 70%-80% of quality-certified emissions reductions
from REDD+ are permanent

While leakage has historically been problematic, we do not believe that leakage will
remain a cause for concern for future ( jurisdictional) REDD+ projects

REDD+ programs include some methods to address PES issues, but more progress is
needed



2

REDD+ measurement, reporting, and verification (MRV) standards are thorough but not
yet sufficient to adequately account for forest degradation

Increasing REDD+ incentives would likely improve equity and effectiveness, with
unknown implications for impact and cost-effectiveness

Aligning incentives by improving carbon pricing is promising

Jurisdictional REDD+ is a promising anti-deforestation intervention

By increasing the scale of REDD+ coverage, jurisdictional REDD+ will likely help to
overcome concerns of leakage, additionality, and permanence, while extending
program benefits to Indigenous peoples and local communities

MRV coordination across scales will prove challenging

Early results from the Brazilian states of Acre and Mato Grosso suggest that
jurisdictional REDD+ can achieve significant reductions in deforestation and
meaningfully and equitably engage local stakeholders

Conditions for jurisdictional REDD+ success

1. Credible sustained demand is necessary to encourage supply of certified credits

2. Political leaders need incentives to follow through

3. Market architecture, infrastructure, and financing can facilitate trading

4. Establishment of a clear regulatory framework can allow countries to use
forest-related carbon credits to help meet their Paris Agreement goals

We estimate the cost-effectiveness of REDD+ to fall in the range of $6-$62/tCO2 abated
(80% confidence), excluding co-benefits

A World Economic Forum (WEF) and McKinsey & Company consultation estimates
that a majority of forest conservation can be achieved for $10-$50/tCO2

WEF and McKinsey’s estimates appear to be conservative relative to others in the
literature

The Center for Global Development predicts higher emissions abatement from
forest conservation for a given carbon price than do WEF and McKinsey

Griscom et al. (2017) also predict higher forest emissions abatement for a given
carbon price than do WEF and McKinsey

We coarsely adjust WEF and McKinsey’s numbers to account for omitted risks in their
model and estimate a conservative cost-effectiveness range of $8-$88/tCO2 and a more
realistic range of $6-$62/tCO2 (80% confidence)

Our best guess is that there is about $100 billion to $200 billion of room for more
funding for emissions reductions from jurisdictional REDD+

What we would do with more time

Further assessment of high-impact donation opportunities

Further research into other interventions

Further research into climate impacts of forests

Additional ways we would spend more time

Contributions and acknowledgments

References

Appendix: WEF and McKinsey’s marginal abatement cost curve methodology
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Editorial note
This report is the first part of a two-part series on anti-deforestation initiatives. The overall
project was commissioned by an anonymous donor.

This report examines the feasibility and cost-effectiveness of the REDD+ framework for
reducing forest loss and degradation and for abating CO2 emissions that contribute to
climate change. We first investigate the overall effectiveness of payments for ecosystem
services (PES) programs, the broad category of environmental interventions into which
REDD+ falls. We then evaluate REDD+ with respect to the issues that plague PES programs
in general, and spotlight jurisdictional REDD+ (i.e., as implemented consistently within a
state or country) as a promising solution. Finally, we estimate with 80% confidence that the
cost-effectiveness of REDD+ falls within the range of $6-$62 per tonne of CO2 abated.

We have tried to flag major sources of uncertainty in the report and are open to revising
our views as more information becomes available.

Epistemic status

Updated as of June 2023
We first published this report in December 2022. In March 2023, Dr. Matthew Dahlhausen of the
National Renewable Energy Laboratory pointed out in a Slack post that our treatment of
permanence required more nuance, since permanence can be assessed on different
timescales. We have since had a constructive conversation with Dr. Dahlhausen, after which he
sent us a more thorough written assessment of the issue. In total, we have engaged with his
collective feedback for about three to four hours. We read more about and deployed the
CarbonPlan permanence calculator in an attempt to understand how our cost-effectiveness
estimates might be affected by stretching the relevant timescale of emissions reductions to 1000
years, as opposed to 100 years. The cost-effectiveness of the lower bound of our estimate
range increases substantially when we consider a 1000-year timescale (from $6/tCO2 to
$206/tCO2, assuming no risk of reversal, availability of permanent removal technologies costing
$200 from 2050, and a discount rate of 0%). Given general uncertainty over the relevant
timescale, Dr. Dahlhausen’s point has therefore reduced our confidence in our estimated
cost-effectiveness range.
We also engaged with his more thorough critique, which we do not currently have the time to
satisfactorily assess nor respond to with commensurate updates to our report, though we agree
that they likely lead to potentially much more uncertainty and a wider cost-effectiveness
estimate range. We also agree with his take that assessing cost effectiveness for
anti-deforestation is extremely complicated, and there is not an easy fix. Based on our interview
with McKinsey and the methodological appendix to their Nature and Net Zero report (on which
we rely heavily for cost-effectiveness estimates), we are not confident that Dr. Dahlhausen’s
critiques are adequately addressed in their modeling, though it is possible they will address
these concerns in the future in collaboration with the LEAF Coalition. We remain sympathetic to

https://carbonplan.org/research/permanence-calculator-explainer
https://carbonplan.org/research/permanence-calculator
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/why%20investing%20in%20nature%20is%20key%20to%20climate%20mitigation/nature-and-net-zero-appendix-vf.pdf
https://leafcoalition.org/
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the view that anti-deforestation measures are a potentially important “interim” and “enabling
solution” until more permanent emissions reductions become less costly to achieve (McKinsey
2021, p. 30, Box 11), and we hope to have an opportunity to engage more deeply with Dr.
Dahlhausen’s critiques in the future.

https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/why%20investing%20in%20nature%20is%20key%20to%20climate%20mitigation/nature-and-net-zero-vf.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/why%20investing%20in%20nature%20is%20key%20to%20climate%20mitigation/nature-and-net-zero-vf.pdf
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Key takeaways
● Based largely on a 2021 consultation report by the World Economic Forum (WEF)

and McKinsey & Company, we are fairly (~80%) confident that the majority of
emissions reductions from REDD+ over the next decade would cost $6-$62 per
tonne of CO2 (tCO2). Despite ongoing implementation issues, REDD+ therefore
represents a cost-effective abatement strategy in the near term (e.g., next 10 years),
though not as cost-effective as previously claimed by EA organizations.

● The ranking of climate change solutions in terms of cost-effectiveness will change
over time, as low-hanging fruit is exhausted and technological innovation continues
to increase the economic competitiveness of currently high-cost solutions. In the
near term, anti-deforestation is a particularly salient mitigation approach since
emissions from deforestation are irreversible. Implementation is immediately
actionable (with several promising outlets for funding) and cost-effective compared
to direct air capture, another popular carbon removal approach. Moreover, we
would not expect market forces alone to slow deforestation in the coming decades.

● REDD+ credits accounted for about 80% of forest and land-use related voluntary
carbon offsets in 2019. There is still substantial room for more funding in this
space, in the high tens to low hundreds of billions of dollars annually over the
next decade.

● The three core issues facing REDD+ are additionality, permanence, and leakage.

○ Our rough cost-effectiveness estimate adjusts WEF and McKinsey’s
cost-effectiveness estimates to reflect findings from the literature regarding
each of these issues.

○ Different carbon standards have varying ways to account for these problems,
and ultimately REDD+ schemes may be somewhat higher quality than
average due to strict requirements for measurement, reporting, and
verification (MRV), and the need for certification.

● With respect to MRV of emissions reductions, the primary issue appears to be the
under-detection of forest degradation (e.g., selective tree cutting), an issue that
appears surmountable with high-resolution satellite data.

● We believe jurisdictional REDD+ — i.e., an emerging framework with consistent
carbon baselines and crediting for all REDD+ projects within a given jurisdiction
(e.g., a subnational region or a country) — is a promising intervention that can be
high-impact and cost-effective, particularly if certain conditions are met. These
conditions include:
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○ Existence of a credible signal of sustained demand for high-quality credit
supply

○ Incentives for effective government participation

○ Continued innovations and improvements in the development of market
architecture, infrastructure, and financing

○ Establishment of a clear regulatory framework to align the market for forest
credits with the goals of the Paris Agreement

● We are not confident that recent advancements in REDD+ contracting will
adequately address the issue of low credit prices, which have led to concerns about
equity and incentive compatibility.

● We lack a consensus framework to compare anti-deforestation with other
potential charitable interventions. Without a comprehensive understanding of
cost-effectiveness across climate interventions, it is impossible for us to say whether
funding REDD+ is the most cost-effective climate intervention. Additionally, without
a means by which to compare the impact of climate interventions with non-climate
interventions in, say, global health or poverty reduction, it is highly difficult to
incorporate the opportunity cost of funds toward REDD+. We hope to see progress
along both of these dimensions in future research in the effective altruism
community.



7

An introduction to REDD+
REDD+ is an international framework negotiated under the United Nations Framework
Convention on Climate Change (UNFCCC) and endorsed in the Paris Agreement to include
forest-related emissions in reaching global climate change mitigation goals, given forests’
important environmental role as carbon stores and sinks.1 It is defined as “reducing
emissions from deforestation and forest degradation in developing countries, and the role
of conservative, sustainable management of forests and enhancement of forest carbon
stocks” (UN-REDD Programme, 2016, p. 1).

REDD+ facilitates results-based payments following the payment for ecosystem services
(PES) model. In the context of REDD+, the PES framework allows for money to flow from
industrialized to developing countries in exchange for successful forest conservation — via
public funds or carbon markets — that directly incentivize efforts to protect their forests.
Payments are intended to compensate for the opportunity cost of not developing forest
land for the production of agricultural and other commodities — such as beef, gold, soy,
and palm oil — that drive deforestation.

According to an interview with Ruben Lubowski, co-founder of the Emergent Forest
Finance Accelerator, chief carbon and environmental strategist at Lombard Odier
Investment Management, and former chief natural resource economist at the
Environmental Defense Fund (EDF), the largest current source of demand for REDD+ is the
voluntary market. In turn, REDD+ credits accounted for about 80% of forest- and
land-use-related voluntary carbon offsets in 2019 (Donofrio et al., 2020, p. 7). Other sources
— such as the Carbon Offsetting and Reduction Scheme for International Aviation, the
United Nations’ (UN) effort to ensure any growth in emissions a�er 2019 is offset elsewhere
— may become important in the future, but currently account for only a small proportion
of the carbon offsets (Prater, 2019).

To qualify for REDD+ participation, developing country participants must provide a
reference emissions level (i.e., a baseline) against which to measure emissions reductions
induced by REDD+; a measurement, reporting, and verification system to accurately assess
forest cover change and associated emissions reductions; a national plan for reducing
forest-related emissions; and a system for reporting on the implementation of measures to
prevent environmental and social harm. “Readiness” funds are available to help developing
countries meet these criteria and qualify for REDD+ payments (Forest Carbon Partnership
Facility [FCPF], 2022; UNFCCC, 2015).

Conceptually, REDD+ addresses the equity issue that originally led to the exclusion of
deforestation activity under the Kyoto Protocol — i.e., that industrialized nations had
benefited economically from deforestation, so developing countries should be allowed to
do so as well. However, issues of additionality (would the deforestation have been avoided

1 The evolution of REDD+ (formerly just REDD) has introduced criteria that embody a “do
no harm” ethos that additionally encourages pursuit of co-benefits (Smith et al., 2019, p.
160).

https://perma.cc/DA78-CACL
https://perma.cc/YA2K-R59J
https://perma.cc/W4PP-438S
https://perma.cc/7HYZ-5BL5
https://perma.cc/7HYZ-5BL5
https://perma.cc/HKQ7-9DQW
https://doi.org/10.1007/978-3-319-98681-4_9
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anyway?), permanence (what is the duration of carbon storage?), and leakage (did the
program simply displace deforestation outside of the contracted area?) have continued to
permeate discussions around REDD+ implementation.2 REDD+ programs employ several
forms of measurement, reporting, and verification (MRV) in an attempt to account for
these concerns. Moreover, growing consensus around carbon standards and momentum
toward jurisdictional REDD+ — an emerging framework characterized by consistent
carbon baselines and crediting for all REDD+ projects within a given jurisdiction (e.g., a
state or a country) — may also alleviate some of these pervasive issues that have
consistently slowed progress. However, we are not confident that this recent progress
addresses issues surrounding incentive compatibility and low prices for forest-related
carbon credits.

We discuss the impact and pervasiveness of these issues and solutions in the section below
on payments for ecosystem services, followed by an overview of jurisdictional REDD+ and
some conditions for its success in overcoming them. Subsequently, we explore the
literature on the cost-effectiveness of anti-deforestation interventions like REDD+. Based
on our understanding of the issues and solutions we explore, we conclude with our best
guess of cost-effectiveness, which ranges from $6 to $62 per tonne of CO2 (tCO2) abated
with 80% confidence.

This range suggests that targeted funding — both to ensure that the conditions for the
success of jurisdictional REDD+ are met and that sufficient funding is committed to pay
forest owners for continuous certified emissions reductions in the coming decades — is a
cost-effective climate change intervention relative to alternatives for which we have
identified estimates. For instance, Giving Green (2022c) has recommended funding
commitments to direct air capture (DAC) via the Frontier advanced market commitment;
while Giving Green does not undertake its own cost-effectiveness analysis,3 research
suggests that DAC costs could drop to below $100/tCO2 (Service, 2018), and the United
States Department of Energy has set a goal to reach $30/tCO2 (Ryser, 2020).

3 “We did not find it useful to develop a quantitative model for cost-effectiveness because
we are highly uncertain regarding assumptions and estimates for parameters that we deem
central to Frontier’s AMC model. In particular, given that we are providing this
recommendation in the specific context of a business looking to make a catalytic
investment toward carbon removal, we believe that Frontier is highly likely to be
cost-effective as it provides the prospect of amplifying a contribution to carbon removal
through both its acceleration and deployment potential; we find this to be a notable
value-add considering that both timing and scale are critical for the deployment of carbon
removal technologies” (Giving Green, 2022c).

2 All three problems — additionality, permanence, and leakage — can be extremely
impactful on the effectiveness of a given PES scheme, and can vary in importance
depending on the structure of the project. An interested reader could refer to our rough
model to understand the sensitivity of REDD+ cost-effectiveness to these various concerns.
The model was modified from a spreadsheet shared with us by John Halstead (personal
communication, January 22, 2022).

https://perma.cc/B4UH-7EFD
https://doi.org/10.1126/science.aau4107
https://perma.cc/AJ37-SWUH
https://perma.cc/B4UH-7EFD
https://docs.google.com/spreadsheets/d/1QEY2MKxKJsGDf_iSPucqtR1lexEk4aw8AcQ_bfXcprw/edit#gid=1850455839
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It is possible that advocacy is or has been more cost-effective than more direct
implementation of greenhouse gas reduction strategies such as DAC or REDD+, though
cost-effectiveness analyses to assess the impact of advocacy are extremely uncertain and
o�en depend on political context. With Democrats having lost their majority in the House
of Representatives this year, we believe that advocacy at the federal level is much less likely
to remain as cost-effective as previous claims have suggested,4 and we are currently unsure
of the expected impact and cost-effectiveness of climate advocacy at the state level or
outside of the United States.

Payments for ecosystem services programs appear effective but have
important flaws

Given the findings of the sole randomized controlled trial (RCT) on a payment for
ecosystem services (PES) program for reducing deforestation (i.e., 88% reduction in forest
loss among enrollees relative to a control group) — in addition to our inclination to give
significant weight to RCT evidence — our main takeaway from the academically published
literature is that PES has very strong potential to significantly reduce deforestation if
participation is sufficiently high (high confidence). However, we estimate with
medium-high confidence that up to 40% of claimed emissions reductions may not be
additional (that is, they may have happened in the absence of the intervention) and with
low confidence that 20%-30% of emissions reductions may be impermanent. We do not
believe that leakage will pose a major threat to the environmental integrity of future
REDD+ programs, as we expect a successful and complete transition to jurisdictional
REDD+ in the coming one to five years with medium-high confidence.

PES programs such as REDD+ involve results-based payments for
environmental services

Payments for ecosystem (or environmental) services (PES) refers to “the voluntary payment
by a (minimum one) buyer to a (minimum one) provider to ‘buy’ an environmental service
(or a land use likely to secure that service), if and only if the provider secures the
environmental service” (UN-REDD Programme, 2018). In other words, PES involves an
agreement between two parties — a buyer and a seller of an environmental service, such as
carbon sequestration — where the buyer offers to pay the seller an agreed amount of
money conditional on the seller’s delivery of the environmental service during the contract
term.

Our non-exhaustive reading of the academic literature leads us to believe (with 90%
confidence) that the majority of forest-related PES programs have led to a decline in

4 Founders Pledge claimed in 2018 that the cost-effectiveness of advocacy work by the
Clean Air Task Force is in the range of $0.03 and $5.50, with a best guess of $0.29 (Halstead,
2018, p. 101; Founders Pledge, 2018), and we are generally aware of a similar belief within
Giving Green in the past few years (e.g., Giving Green, 2021, p. 8). We have not spent any
time scrutinizing these CEAs, but we have attempted our own CEAs of advocacy work and
are familiar with the associated extreme uncertainty.

https://perma.cc/9HYM-2HKJ
https://perma.cc/ASS6-35L6
https://perma.cc/ASS6-35L6
https://docs.google.com/spreadsheets/d/1JfU6Cr6CTF0T2Bxqga3SiaMpybzXUjVRMg59MPnxsN4/edit#gid=0
https://perma.cc/FD7D-D93B
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deforestation rates of 0%-55%, though the effect for those eligible for the REDD+ project
who actually enroll can be much higher (up to about 90%).5We believe that the effectiveness
of the program in reducing deforestation depends on the size of the incentive, ease of
enrollment, and awareness and understanding of the program. Additionally, we emphasize
that these results pertain to historical project-based REDD+ programs devoid of much of
the ( jurisdictional) REDD+ infrastructure and technology that have become available since
the programs were undertaken, or that we might expect to become available in the coming
years.

In addition to their potential for preventing deforestation, PES programs can also offer
tangible benefits to communities on the ground. Financial flows from higher- to
lower-income countries, where most of the low-cost anti-deforestation potential lies,6

create further sustainable development opportunities (many embodied in the UN
Sustainable Development Goals) while also addressing global inequalities.7

Academic research suggests PES is highly effective at reducing deforestation

The only randomized controlled trial of PES suggests that its effect on REDD+ enrollees is
high (88% reduction in forest loss) but enrollment is low (32% enrolled), leading to an
overall reduction in forest loss of 54%

A number of studies attempt to evaluate the effectiveness of PES in the context of avoiding
deforestation and degradation, though we are only aware of one RCT that evaluates a
“treatment” akin to a REDD+ incentive. Jayachandran et al. (2017) randomized a PES

7 According to an email exchange with Maria Carvalho, former head of public affairs at the
South Pole Group, “the [Intergovernmental Panel on Climate Change] (2018) and (2019 on
Land) are incredibly clear on the reinforcing nature between climate change, land use
change, and achievement of UN SDGs. Not addressing deforestation will lead to accelerated
climate change, loss of biodiversity, reduced ecological resilience, changing micro-climates,
and increased desertification.” We did not have time to review these sources ourselves, but
acknowledge that the IPCC is generally a well-reputed and highly trusted source.

6 Tropical forests generally have both higher biodiversity and carbon sequestration
potential than temperate and boreal forests (e.g., in North America, Europe, and Asia), in
large part due to their high growth rates and living biomass density (World Economic
Forum and McKinsey & Company, 2021, p. 16). However, northern forests typically contain
deep soil beds, meaning a high risk of soil carbon release upon clearing (Shi et al., 2020).

5 The former effect (i.e., 0%-55% reduction) is known as the “intent-to-treat” (ITT) effect and
refers to the difference between outcomes observed for all households assigned to receive
the treatment (i.e., the treatment group) and those observed for households assigned to the
control group; that is, the treatment group in this comparison includes households that
were invited to enroll in the PES program but did not, in fact, enroll in the program. The
latter effect (i.e., up to 90% reduction) is known as the “treatment effect on the treated”
(TOT) and refers to the impact of the treatment solely among those who are both assigned
to treatment and receive the treatment (in this case, households who were invited to and
enrolled in the PES program); the TOT can be determined by dividing the ITT estimate by
the percentage of the treatment-eligible subjects (i.e., those invited to enroll) that actually
enrolled in the PES program.

https://doi.org/10.1126/science.aan0568
https://perma.cc/XZD4-L2RL
https://perma.cc/XZD4-L2RL
https://doi.org/10.1038/s41561-020-0596-z
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program at the village level across 121 villages (60 treated) in Uganda over a two-year
period. The PES program offered 70,000 Ugandan shillings (about $28 in 2012 USD) per
hectare of forest conservation8 annually to participating households, who received payment
at the end of each year. Of the 564 private forest owners (PFOs) in the treated villages, 180
(32%) enrolled in the program, an enrollment rate that the authors considered to be low
given the lack of punishment for non-compliance once enrolled; however, an endline
survey indicated that lack of awareness and enrollment logistics led to low enrollment,
suggesting a role for higher investment in initiatives centered around education and
awareness as well as attenuation of the hassle costs of enrolling. Of those who enrolled,
88% complied with the requirement to preserve the forest.

The results of the RCT suggest that treatment significantly reduced tree cover loss, with
9.1% loss in control villages compared to 4.2% loss in treated ones, indicating a sizable 4.9
percentage point treatment effect and a 54% reduction in tree cover loss. Payments to
enrolled PFOs averaged $113, and they received 74% of payments for which they were
eligible. According to the endline survey results, the PES program led treated households to
increase patrolling and reduce others’ access (e.g., they had previously allowed other, likely
poorer households to gather firewood or timber for building9). The authors perform a
cost-benefit analysis, finding that program benefit-to-cost ratio ranges from 0.8 to 14.8 (2.4
in the base case), depending on the assumed rate of deforestation following the
expiration of the PES contract (which they do not measure); the higher figure assumes
permanent forest conservation and leads to an estimated cost per tCO2 of $2.60, whereas
the lower figure leads to a cost per tCO2 of about $48.10.10

While PES thus seems highly cost-effective in reducing CO2 emissions, it is possible that
unsatisfied demand from treated villages led to higher deforestation rates in control
villages, which would bias the treatment effect. The authors claim that the small size of the
trial limits such an effect in this case, though they still caution about such general
equilibrium effects at scale. Additionally, the benefits measured in the study do not include

10 These estimates are quite uncertain given high uncertainty regarding the social cost of
carbon (SCC; the authors use $39/tCO2 in line with US EPA guidelines from 2012). Note
that even with an updated higher SCC of $100/tCO2, even the higher-cost estimates still
show the projects are at least moderately cost-effective, as well as merely effective. In its
importance, tractability, and neglectedness assessment of forestry interventions, Giving
Green (2022a) suggests that a best-case cost-effectiveness of $2.60/tCO2 is poor relative to
their recommended charities, all of which focus on policy advocacy. However, we would
posit that (1) the SCC used by Jayachandran et al. (2017) is very likely too low, and (2) that
Giving Green’s CEAs for policy advocacy are highly uncertain, in large part by nature of the
modeling problem (i.e., advocacy organizations’ influence over policy).

9 The authors suggest a “do no harm” policy option in which small cash transfers can be
delivered to these poorer households.

8 In the study sample, the average reported area of forest owned is two hectares, allowing
enrollees to earn about $56 (5% of mean and 16% of median income) annually from
compliance with the PES scheme. Additionally, 85% reported having cut down trees over
the last three years. Participants received additional payments for planting tree seedlings.

https://perma.cc/HW4A-RYQT
https://perma.cc/HW4A-RYQT
https://doi.org/10.1126/science.aan0568
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co-benefits to, for example, biodiversity, or benefits from redistributing income from the
global wealthy to the global poor.

Non-RCT research suggests that payments are effective at reducing tree cover loss (by
35%-50%), but warns of significant reversal upon discontinuation of payments

A number of studies use different approaches to estimate the effectiveness of PES schemes
targeting deforestation and degradation. For instance, Roopsind et al. (2019) assess the
effectiveness of the Norway-Guyana REDD+ program, which took place at the national
jurisdictional level. They find that tree cover loss was 0.031 percentage points (35%) lower
per year over the five-year project period than in a counterfactual produced using
synthetic matching (i.e., creating a “no-intervention” scenario built based on weighted
observations in similar nearby countries; see Figure 1, and see our section on leakage for
methodological caveats). Given evidence of accelerated tree cover loss following the
program, they recommend a regional REDD+ approach with continuous payments for
forest protection.

Additionally, Simonet et al. (2019) conduct a difference-in-difference analysis of a REDD+
project in the Brazilian Amazon, identifying a reduction of 50% in the deforestation rate
among participating farms,11 reducing the amount of land allocated to grazing and having
no impact on cropland. They estimate a cost of about $0.84/tCO2. Alix-Garcia et al. (2018),
when evaluating a PES scheme in Mexico, find about a 40% reduction in deforestation
rates.12

12 Alix-Garcia et al. (2018) observe effects at the community level, ultimately creating a
sample including 862 communities, with 493 participating communities and 369
non-participating communities.

11 In Simonet et al. (2019), 52 households participated a�er being offered the program, while
54 households did not. The study also tracks 75 households who were not offered the
opportunity to participate.

https://doi.org/10.1073/pnas.1904027116
https://doi.org/10.1093/ajae/aay028
https://doi.org/10.1073/pnas.1720873115
https://doi.org/10.1073/pnas.1720873115
https://doi.org/10.1093/ajae/aay028
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Figure 1: Observed gross tree cover loss for Guyana and for its synthetic counterfactual.
From “Evidence that a national REDD+ program reduces tree cover loss and carbon

emissions in a high forest cover, low deforestation country,” by A. Roopsind, B. Sohngen,
and J. Brandt, 2019, Proceedings of the National Academy of Sciences, 116(49), p. 24495,

(https://doi.org/10.1073/pnas.1904027116). Copyright 2019 by the authors.

Several meta-analyses attempt to summarize high-level implications and treatment effects
from such site-specific research. Börner et al. (2020) identify 99 studies that report
treatment effects (based on counterfactual methods) of various forest conservation
mechanisms, ultimately deriving 136 comparable effect estimates from 51 papers. With
caveats related primarily to small sample sizes and the importance of context, they find that
“the protection of indigenous lands and incentive-based conservation tools, such as PES
and [integrated conservation and development], range at the higher end of the effectiveness
spectrum” (p. 59),13 but generally conclude that the effectiveness of any intervention is
moderate (p. 54).

Burivalova et al. (2019) — the first author of which helped to found an interactive platform
to increase transparency around the effectiveness of anti-deforestation strategies
(Mongabay and Burivalova, 2016) — echo concerns about the “inadequacy” of the scientific
literature on the effectiveness of conservation strategies “due to poor design, lack of scope,
and too few examples” (p. 1). Regarding PES, they find that all 17 data points are associated
with either a decline or no significant change in deforestation, with quasi-experimental
cases generally showing decline in forest loss and the only experimental case (i.e.,
Jayachandran et al., 2017) also associated with a decline in forest loss. They find similarly
promising results for PES programs targeting water quality. Unfortunately, neither Börner

13 ICDP refers to an approach toward biodiversity conservation that also emphasizes local
community involvement and rural economic development (Park, 2007).
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et al. (2020) nor Burivalova et al. (2019) provide an effect-size estimate for percentage
decline in forest loss.

In addition to the question of effectiveness, experts have highlighted three central concerns
that plague PES schemes: additionality, permanence, and leakage. Various PES programs
have found innovative methods to address each concern, with different levels of success.
The following section explores the three issues in more detail and explains how PES
programs address them.

We estimate with medium-high confidence that 60%-100% of reported
emissions reductions are additional and would not have occurred without
REDD+

In carrying out a PES program, one wants to ensure that emissions reductions from
changes in forest-related activity have been the direct result of PES (that is, that the
reductions would not have occurred in the absence of the program). A counterfactual
assessment measures “additionality,” meaning the extent to which the program in question
induced additional benefits beyond what otherwise would have occurred. Accounting for
the various estimates we have come across in the literature, we estimate with
medium-high confidence that 60%-100% of reported emissions reductions from future
(jurisdictional) REDD+ projects will be genuinely additional.

Historical data and empirical evidence suggest that reference-level gaming has been a
threat to additionality

The lack of a clear baseline of previous or counterfactual deforestation against which to
measure program impacts — along with the perverse incentive of participating countries to
exaggerate baseline emissions from deforestation to increase revenues from PES schemes
— means it is extremely difficult to be confident in programs’ additionality. Many PES
schemes rely on setting an initial reference level (RL), known in the context of REDD+ as a
forest reference emissions level (FREL). This level is set by choosing a “typical” period of
forest emissions against which to compare future emissions levels. As one might expect, the
decision is fraught:

The exercise of setting an RL is by nature a hypothetical one: what would
the state of deforestation and forest degradation – and resulting emissions –
be in the absence of REDD+? Deforestation rates typically vary from year to
year, adding noise to the data. At low rates, deforestation, forest degradation,
and forest regrowth can be hard to detect and monitor. Equally, there is no
scientific consensus on the most appropriate methodology, on which factors
to include in the estimation of RLs, or on the time period for which to
calculate historical deforestation (or emissions). (Angelsen et al., 2018, p. 49)

Incentives to “game the system” are evident when comparing countries’ claims to different
programs with varying standards. Angelsen et al. (2018) express further concern about this
dynamic:

https://doi.org/10.1146/annurev-resource-110119-025703
https://doi.org/10.1111/csp2.28
https://doi.org/10.17528/cifor/007045
https://doi.org/10.17528/cifor/007045


15

RLs may also be candidates for gaming [i.e., manipulation and
misrepresentation of emissions data to increase PES revenues]. The time
period, definitions and statistical approaches for estimating historical
emissions vary in the UNFCCC submissions, and this may greatly affect the
actual RL – and hence the estimated emissions reduction. There are few
formal checks and balances in place to avoid inflated RLs. Country
submissions are subject to a technical assessment by UNFCCC. … While
there may be good reasons for this consensus approach, it also limits the
scope for critical assessment to detect systematic biases across submissions.
(p. 50)

A useful example to illustrate this dynamic is Brazil, which experienced high rates of
deforestation until the mid-2000s. For the Amazon Fund, which is overwhelmingly funded
by the Norwegian government, the starting year used to calculate Brazil’s RL — a 10-year
average updated every five years — is flexible and changing over time, to reflect a
continuously updating counterfactual (Amazon Fund, 2018). Brazil would have claimed
credit for 4 GtCO2 or $21.5 billion worth of avoided emissions from 2006 to 2016 under
this reference level. However, Brazil has retained autonomy to set its own reference level as
reported to UNFCCC. By fixing its FREL in the higher-emission year of 1996 rather than in
2006,14 Brazil added an extra 3 GtCO2 of claimed avoided emissions from 2006 to 2016,
which would indicate that Brazil received $36 billion in payments, perhaps half of which
rewarded Brazil for maintaining forests that may not have been in serious danger of
deforestation during the period in question. Thus, Brazil may have received payments for
benefits that were not the direct result of the REDD+ program.

Even if we assume the Amazon Fund reference level of 2006 was correct (though we
assume it is likely also overstated), 43% of Brazil’s official emissions reductions reported to
the UNFCCC were not additional in this case. Still worse, using the synthetic control
method to account for “the effects of contemporaneous drivers of deforestation, including
agricultural commodity prices, currency exchange rates, and environmental regulations,”
West et al. (2020) find effectively no evidence of additional emissions reductions in about
10 voluntary REDD+ projects from 2008 to 2014 in Brazil (p. 24190).15

Similarly, Peru — whose deforestation rate has trended upward since the early 2000s —
submitted an FREL extrapolating the trend so that the baseline in 2020 is 20% above 2015

15 Note that the REDD+ projects assessed in the paper are now quite dated and may have
been particularly burdened — as the authors discuss — by uncertainty around the
availability of future funds, early mover disadvantages (e.g., limited prior learning or
accumulated expertise regarding on-the-ground implementation), and particularly salient
early issues with the credibility of carbon offsets. West et al. (2020) explicitly state that
“results do not imply that voluntary REDD+ projects cannot achieve their objectives if
designed and implemented effectively” (p. 24191).

14 That is, Brazil used an extended window of 20 years, rather than 10 years, to calculate the
FREL average. This decision was within the regulations but it clearly was made to increase
Brazil’s possible offset claims.
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deforestation levels. Such extrapolation may be valid, though it presents an issue when such
trends are used to a country’s advantage when they are increasing, and not similarly
accounted for when they are declining (Angelsen et al., 2018, p. 46).

According to a recent Washington Post investigation, Malaysia claims in its Biennial Update
Report to the UNFCCC that its trees absorb carbon 4x faster than those in similar forests in
neighboring Indonesia, allowing it to reduce its stated CO2 emissions by 73% (Mooney et al.,
2021). The journalists estimate that the gap in actual versus reported emissions globally
ranges from 8.5 to as high as 13.3 GtCO2 a year (the latter constituting 23% of total
anthropogenic emissions), with 59% of the gap attributable to land use (including forests).16

In line with these findings, researchers found that 37% of 120 early REDD+ projects they
investigated overlapped with protected areas (Simonet et al., 2015). Given these findings,
along with the claim that some of the discrepancy seems intentional and others may be due
to inadequate technical capacity, it seems likely that reference emissions levels are poorly
measured and err on the side of overreporting reference emissions.

Unfortunately, gaming also appears to have occurred in parts of the world where technical
capacity is high. For example, several major corporations ( JPMorgan Chase & Co., the Walt
Disney Company, and BlackRock) purchased land in the US Northeast to offset the carbon
emissions from their operations, facilitated by the Nature Conservancy (which receives a
40% cut of these contracts and claims to have been following American Carbon Registry
rules):

The additional revenue from the carbon-offset program helps [the Hawk
Mountain Sanctuary] take better care of the land, plant more saplings, and
improve the forest’s health, [Hawk Mountain’s director of conservation
science, Laurie] Goodrich says. She says her understanding is that these
incremental improvements generate the carbon credits. That’s not the case:
The project documents show almost all of the credits come from the
assumption that the land would have been heavily harvested. Goodrich says
Hawk Mountain had no intention to cut down most of its trees; that runs
counter to their mission, and the sanctuary already had a management plan
in place that protects the trees. “We’d still be managing the land the same
way,” without carbon payments, she says. (Elgin, 2020)

A similar issue emerged in the case of California forest carbon offsets, which are eligible for
compliance under its cap-and-trade program (Badgley et al., 2022). The authors find
evidence of 29.4% (20.1%-37.8%) over-crediting, equivalent to 30 million tonnes of CO2

(MtCO2) valued at $410 million. The validation of such additionality concerns in contexts
with seemingly high technical capacity and desired environmental integrity exacerbates
concerns about additionality in REDD+ programs, where technical capacity and concern
for environmental outcomes may be lower.

16 For reference, China and the US respectively emitted 10.7 and 4.7 GtCO2 in 2020 (Andrew
and Peters, 2021; as seen in Ritchie et al., 2020).
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Gaming aside, accurately assessing counterfactual emissions can be both practically and
methodologically difficult, though experimental evidence and recent REDD+
advancements leave us optimistic

The issue of additionality creates methodological difficulties for non-RCT studies, such as
the synthetic control study of Roopsind et al. (2019). Here, the low number of valid
synthetic control countries (i.e., the very limited sample size) means that the probability of
observing a 35% reduction from 2010 to 2015, as they do, is 60% “by chance alone” (p.
24493). The same probability for the years with the highest treatment effect (2014-2015) is
25%.17 Additionally, Burivalova et al. (2019) cite several studies (which we have not evaluated)
identifying low additionality due to the difficulty or social undesirability of targeting
deforestation “offenders.”18

Crucially (in our view), Jayachandran et al. (2017) — the sole RCT study — find no
evidence of non-additionality. Non-additionality would imply that private forest owners
with low deforestation rates at baseline would enroll at higher rates than forest owners with
high deforestation rates at baseline; however, they find that there is no association between
pre-trial deforestation levels and program enrollment.19 This evidence — combined with
our general takeaway from conversations with experts in the field regarding the move
toward better practices, technologies, and institutions for regulating REDD+ — leaves us
optimistic about the additionality of REDD+ programs in the future.

Based on the evidence reviewed in this section, and the weight we are inclined to give to
high-quality causal evidence from RCTs, our best-guess 80% CI accounting for the various
estimates we’ve come across would be that 0%-40% of the conservation claimed under

19 Jack and Jayachandran (2019) theoretically model selection into PES programs and apply
their model to Jayachandran et al.’s (2017) study in Uganda and an
afforestation/reforestation project in Malawi (Jack, 2013). They highlight that complete
non-additionality (i.e., enrollment by the one-third of PFOs that contributed least to
deforestation prior to the intervention in their study) would have led to zero impact on
deforestation, and additionally highlight the importance of considering the effect of
enrollment costs (e.g., costs of obtaining and digesting program information, application
effort and time, credit constraints that may inhibit conservation investments, and trust in
the implementing organization) on selection into these programs.

18 These studies include Asquith et al. (2008), Honey-Rosés et al. (2011), Alix-Garcia et al.
(2012), and Robalino and Pfaff (2013).

17 The authors claim to use a methodologically superior matching approach, though we
have not assessed their methodology and think that we are currently only moderately
qualified to assess it; we take their peer-reviewed publication in PNAS as a signal that the
methodology is sound. Also, the authors claim that the program led to important intangible
benefits such as institutional and technical capacity that “resulted in both regulatory and
technological additionality that improved overall forest governance” (p. 24496).
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future high-quality20 jurisdictional REDD+ projects will not be additional (i.e., 60%-100%
will be additional).

A potential solution to non-additionality has been suggested by Nomura et al. (2019) —
“production of an independent reference level, based on general assumptions, and
encouraging countries to justify why their baseline differs from it significantly” (p. 13) —
that we agree seems like a reasonable idea to reduce the likelihood of gaming.21 At the very
least, and in the case of countries’ using historical trends to identify baselines, we agree with
West et al. (2020) that baselines against which historical trends are assessed should be
updated more frequently than every 10 years, and that different approaches to baselining
should be assessed to identify the (combination of) method(s) for establishing
counterfactual emissions with the highest social and environmental integrity (p. 24192).

We estimate with low confidence that 70%-80% of quality-certified emissions
reductions from REDD+ are permanent over a 100-year time horizon

The issue of impermanence, i.e., the possibility of reversal during or following a carbon
crediting period, has similarly plagued anti-deforestation initiatives. For instance, a
majority of the benefits of paying for a forest to remain intact — keeping its stored carbon
from entering the atmosphere and potentially also acting as an active carbon sink — may
be lost if the forest is cleared once the credit expires, or once payments cease. We assume a
high likelihood of reversal in the absence of robust safeguards to ensure permanence a�er
contract expiration, and we believe with low confidence (based on limited empirical
evidence) that existing standards that aim to ensure permanence (and to insure against
impermanence) for up to 100 years will be 70%-80% effective based on the additional
credits banked to address permanence by Verra, ART TREES, and Gold Standard.

Reversal may occur due to natural events such as pest infestation, fire, or frost damage (with
possibly temporary or short-term impacts, e.g., if the forest recovers), or drought, stand
replacing forest fires, and disease outbreaks (with longer term impacts, e.g., if the forest
does not recover or it can no longer store as much carbon). Man-made threats of reversal,
such as intentional forest burning or clearcutting, may be influenced by policy instability.
For instance, under Jair Bolsonaro’s leadership and outspoken support for agribusiness,

21 Another recommendation by West et al. (2020) is to use synthetic controls to assess the
counterfactual rather than using historical trends. However, given the move toward
jurisdictional REDD+ and the goal to maximize regional coverage to mitigate leakage,
non-REDD+ jurisdictions that can act as synthetic controls may be limited, as discussed
above in relation to Roopsind et al. (2019). We would be curious to explore West et al.’s
(2020) suggestion to use “coupled human–natural system models” to assess performance
against alternative baseline scenarios (p. 24192). Future research in partnership with REDD+
could utilize a number of different approaches from the outset, all applied to multiple
REDD+ programs, to understand the performance as well as the benefits and drawbacks of
various (and potentially complementary) baseline-setting approaches.

20 By high-quality, we refer to emissions reductions from jurisdictional REDD+ projects
with certification from such agencies as Verra, Gold Standard, and ART TREES, which we
expect to become more plentiful in the coming years. We discuss jurisdictional REDD+ and
the various certifications later in the report.
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Brazil closed down two climate change divisions and cut the budget for Brazil’s top
environmental enforcement agency by a quarter. These moves removed barriers for
aligned state governments to pursue expansion of soy and cattle farming in
deforestation-prone regions (Song, 2019).

Unfortunately, Jayachandran et al. (2017) do not measure the persistence of their treatment
effects and instead make a series of assumptions around permanence in their cost-benefit
analysis. Roopsind et al. (2019) find that tree cover loss increased by 200%— from 0.069%
to 0.140%, equivalent to the level of Guyana’s synthetic counterfactual — in 2016,
following the end of the Norway-Guyana REDD+ program. Moreover, tree cover loss
exceeded the 0.1% threshold, above which Guyana would have received no payments, for
two years following the program, holding implications for the program’s cost-effectiveness:

Based on assumed payments of US $250 million, the cost of the 12.8 million
[metric] tons of avoided CO2 emissions is US $19.53 per ton of CO2. If these
emission reductions are permanent, then this is the effective cost per ton of
CO2. However, if this emission is only avoided for 5 years, then the rental rate
at a 5% discount rate is US $4.50 per ton of CO2 per year, and the effective
cost of carbon is around US $90 per ton of CO2. (Roopsind et al., 2019, p.
24497)

In line with Roopsind et al. (2019), we would generally assume over a relatively short time
horizon (perhaps 0-25 years) that avoided deforestation is completely and quickly reversed
in the absence of continued PES payments, and that forest clearing returns to levels closer
to pre-contract rates. Thus we strongly recommend continuing results-based payments
for the desired duration of emissions reductions and updating the price paid over time to
account for updates to opportunity costs (e.g., the opportunity costs to PFOs may decline as
countries develop, identify alternative forest uses, or create protected areas).

Song’s (2019) investigation for ProPublica also highlights the risk of reversion to baseline
levels of deforestation:

I looked at projects going back two decades and spanning the globe and
pulled together findings from academic researchers in far-flung forest
villages, studies published in obscure journals, foreign government reports
and dense technical documents. I enlisted a satellite imagery analysis firm to
see how much of the forest remained in a preservation project that started
selling credits in 2013. Four years later, only half the project areas were
forested. In case a�er case, I found that carbon credits hadn’t offset the
amount of pollution they were supposed to, or they had brought gains that
were quickly reversed or that couldn’t be accurately measured to begin with.
Ultimately, the polluters got a guilt-free pass to keep emitting CO2, but the
forest preservation that was supposed to balance the ledger either never
came or didn’t last.

https://perma.cc/E2T8-J6XR
https://doi.org/10.1126/science.aan0568
https://doi.org/10.1073/pnas.1904027116
https://doi.org/10.1073/pnas.1904027116
https://doi.org/10.1073/pnas.1904027116
https://perma.cc/E2T8-J6XR


20

Recent years have seen significant progress in the development and refinement of carbon
standards, and how permanence will be addressed in future REDD+ projects will depend on
the carbon standard governing the project (Carvalho and Álvarez Campo, 2022). For
instance, the American Carbon Registry (2018) requires the use of an approved risk analysis
tool to account for general and project-specific risks, with options to mitigate the risk in the
form of a buffer or through an insurance product (pp. 19-21).22 For credits issued by
Architecture for REDD+ Transactions (ART), each project makes an annual contribution of
5%-25% of credits to ART’s combined buffer pool depending on the number of risk
mitigation factors applied; participants must then report annual emissions a�er years one,
three, and five of the “crediting period” and if emissions exceed the crediting level, an
equivalent number of credits from the buffer pool are retired and the annual buffer
increases by 5% for the following five years (ART, 2021, pp. 42-43).

Gold Standard and Verra (the largest issuer of REDD+ and forestry credits) have up to 21-
and 100-year permanence requirements, respectively, and set aside a percentage of issued
emissions reductions23 — 20% for Gold Standard and a variable percentage for Verra,24

depending on the project risk as assessed by its AFOLU risk tool — to address the risk of
early reversal (Gold Standard, 2015; Verra, 2019). That is, if carbon is “known, or believed,
to be lost,” these excess credits are canceled, negating the need for projects that experience
reversal to pay credits back to the issuer (Verra, 2022, p. 6). Our sense from our
conversation with Maria Carvalho, former head of public affairs at the South Pole Group, is
that the Verra standards are among the most robust.25 We believe with low confidence
(based on limited empirical evidence) that such standards that aim to ensure
permanence (and to insure against impermanence) for up to 100 years will be 70%-80%
effective based on the buffer pool approaches of ART TREES, Gold Standard, and Verra.

In our interview, Carvalho provided an insightful reminder that anti-deforestation is not
unique in confronting issues around permanence: “ascertaining permanence for any carbon
removal project is difficult; even [direct air capture] removals need a lot of measurement,
reporting, and verification to show permanence.” We agree with Carvalho’s
recommendation that further academic research should more rigorously investigate the
questions of permanence and reversal. In the meantime, we would recommend

25 Carvalho has subsequently mentioned that, while Verra is the most robust for
project-based REDD+, both Verra and ART TREES are considered the most robust
standards for jurisdictional REDD+ programs.

24 Carvalho mentioned in our conversation that Verra usually sets aside about 30% of issued
emissions reductions in its buffer pool.

23 For instance, for each project, Verra deposits a number of nontradable credits
commensurate with its risk assessment calculation into a separate “pooled buffer account”
that “will always maintain an adequate surplus to cover unanticipated losses from
individual project failures and the net GHG benefits across the entire pool of AFOLU
projects will be greater than the total number of [credits] issued” (Verra, 2022, pp. 5-6).

22 Given the experience of the US Northeast project discussed above, it is reasonable to
question the rigor and enforcement of such standards. We have not looked further into
whether such requirements are actually in force.
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continuous payments unless and until the economic benefit of the standing forest
exceeds its opportunity cost.26

One alternative approach to addressing permanence concerns, known as tonne-year
accounting, considers temporary carbon storage to be equivalent to avoiding some amount
of CO2 emissions altogether. In particular, the technique equates briefly storing a larger
amount of CO2 with permanently storing a smaller amount of CO2 by assuming an
accounting time horizon beyond which costs and benefits are ignored (Chay, Badgley, et al.,
2022). Temporary carbon storage becomes more valuable the shorter the assumed time
horizon of relevant costs and benefits, leading to differences in valuation depending on the
selected time horizon.

In part because the choice of accounting time horizon is “intrinsically subjective”
(Levasseur et al., 2012, p. 6), tonne-year accounting has stirred controversy. For example,
Verra declined to include tonne-year accounting in its Verified Carbon Standard following
public consultations (Hestad, 2022). In an email exchange, Dan Stein of Giving Green also
indicated skepticism of the technique, directing us to CarbonPlan’s explainer (Chay,
Badgley, et al., 2022). In a post summarizing comment letters submitted to Verra during the
consultations, CarbonPlan claims that tonne-year accounting ignores planetary
temperature outcomes and can be used to legitimate ongoing emissions, and that it also
introduces perverse incentives that induce further additionality challenges (Chay,
Cullenward, and Badgley, 2022).

On the other hand, Natural Carbon Exchange (NCX) — which offers PES forestry schemes
with tonne-year accounting — has alleged that many critics of the technique simply fear
disruption to the traditional business model of carbon credits (Meyer, 2022). NCX’s CEO
has also expressed skepticism of the industry’s ability to assure permanence in general
(Parisa, 2022). We have not determined whether the technique is employed by PES projects
other than NCX, nor whether it should be considered viable for addressing permanence
concerns.

While tonne-year accounting ignores benefits a�er a relatively short time period,
CarbonPlan’s permanence calculator allows one to calculate the cost of reducing emissions
over a 1000-year time horizon using both cheaper, more temporary emissions reductions
as well as costlier, more permanent emissions reduct0
ions. If the relevant timeframe for emissions reductions increases from 100 years (i.e.
buying time for alternative climate solutions to become much cheaper in the coming
decades) to 1000 years, we believe that cost-effectiveness would decline dramatically,
perhaps making CE of the most promising anti-deforestation interventions approximately

26 For example, one might expect that the value of standing forests to forest nations’
citizens may increase as the countries develop. Moreover, repeated five- or 10-year
contracts (or even longer contracts) may encourage identification of alternative economic
uses for the forests — such as ecotourism and recreation — that create economic incentives
to conserve forest land. A recent meta-analysis suggests that the value of standing forests to
local populations is about $410/ha/year with high uncertainty (Brouwer et al., 2022, p. 1).
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as cost-effective as the most cost-effective direct air capture today ($250, according to WRI
2022).27

While leakage has historically been problematic, we do not believe that leakage
will remain a cause for concern for future ( jurisdictional) REDD+ projects

Another potential problem is leakage, which refers to the “unexpected loss of anticipated
carbon benefits due to the displacement of activities in the project area to areas outside the
project, resulting in carbon emissions … negat[ing] some or all of the carbon benefits
generated by a project” (UN-REDD Programme, 2018). In other words, it describes the risk
that payments to protect forests will lead to spillover of deforestation activity outside of the
areas designated for protection. Given the findings of Jayachandran et al. (2017) and
Simonet et al. (2019) as well as our recommendation to direct funds only toward
increasingly dominant28 jurisdictional REDD+ programs (which we believe will perform
particularly well on preventing leakage), we do not believe that leakage will present a
major consideration for cost-effectiveness, particularly if surrounding countries have
their own jurisdictional REDD+ programs. Assuming this is the case, we would encourage
donors to consider contributing to REDD+ projects and/or capacity building
opportunities that broaden the regional scale of robust program coverage to leverage
leakage reduction impacts in nearby jurisdictions.

28 “In recent years all major international policy forums have chosen to accept emissions
reductions from deforestation at jurisdictional – state or national – levels, but not
stand-alone project levels. The UNFCCC Paris Agreement article 5 (REDD+), the
International Civil Aviation Organization’s Carbon Offsetting and Reduction System for
International Aviation (CORSIA), and the California Tropical Forest Standard (TFS) allow
carbon crediting for state or national level emissions reductions from deforestation, but not
for stand-alone projects. … This has extremely important consequences for the
environmental and social quality of emissions reductions” (Schwartzman, 2022, p. 6).

27 In March 2023, Dr. Matthew Dahlhausen pointed out that our treatment of permanence
required more nuance. We have since engaged with his critique for about an hour, in which
we read about and deployed the CarbonPlan permanence calculator in an attempt to
understand how our CE estimates might be affected by stretching the relevant timescale of
emissions reductions to 1000 years, as opposed to 100 years. In the best-case scenario, our
CE numbers suggest a metric ton of CO2 may be avoided for about $6 over a 100-year
timescale. Assuming a crediting period of 25 years, with (i) deployment of direct air capture
for (optimistically) $200/tCO2 from around 2050 (as suggested in the median estimate
range here) to maintain emissions reductions, (ii) 0% reversal risk during the crediting
period, and (iii) no discounting of future benefits, the same emissions reductions that cost
$6/tCO2 under 100-year permanence would instead cost $206/tCO2 under 1000-year
permanence. Given general uncertainty over the relevant timescale, we reduced our
confidence in our cost-effectiveness range from 80% in our initial report to 50% in the
current report based on this exercise. However, we remain sympathetic to the view that
anti-deforestation measures are an attractive “interim” and “enabling solution” until more
permanent emissions reductions become less costly to achieve (McKinsey 2021, p. 30, Box
11).
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The ProPublica investigation identified a report by the Office of the Auditor General of
Norway (2018) — the world’s largest REDD+ funder, accounting for about half of all funding
— that highlights leakage risks:

Despite a decade’s work and $3 billion, results were “delayed and uncertain,”
the science of measuring carbon was only “partially in place” and there was
“considerable” risk of what’s called “leakage” — when protecting one patch of
land leads to deforestation somewhere else. That problem alone creates
“considerable uncertainty over the climatic impact,” the report concluded.
(Song, 2019)

In the studies we examined previously, leakage was either non-existent or unobservable.
Jayachandran et al. (2017) look at leakage from a number of angles — spillovers within a
treated village, into control villages or government forest reserves, and at the margins of
PFOs’ land — and do not find evidence of leakage. Simonet et al. (2019) also do not find
evidence of within-community leakage.

Roopsind et al. (2019) warn that leakage is a major concern in their context, since Guyana
and Suriname — the closest synthetic match given its close proximity, ecological and
geological similarity, and economic dependence on gold mining — share a “porous” border
as well as close socioeconomic ties, including trade. The authors conclude that detecting
leakage in their case would “require more in-depth economic analysis that focuses on
transboundary investment flows, labor, and market effects, especially those related to the
demand and supply of gold and policies implemented by other countries” (p. 24496). While
they find evidence of “coarse increases” in tree cover loss on both Suriname’s interior and
its border with Guyana, the concurrent increase in gold prices makes it difficult to isolate
the real drivers. Critically, if leakage from Guyana to Suriname did occur owing to REDD+,
the results of the synthetic matching approach would be biased toward overestimating the
effect of the program.

REDD+ programs include some methods to address PES issues, but
more progress is needed

REDD+ measurement, reporting, and verification (MRV) standards are thorough
but not yet sufficient to adequately account for forest degradation

The UN REDD+ measurement, reporting, and verification (MRV) process consists of two
steps. In the first step, countries submit a FREL29 delineating annual tonnes of CO2 for a
reference period that they select, which then undergoes a third-party technical

29 Developing countries may receive financial and technological support in creating their
FRELs. For instance, the FCPF is a public-private partnership that supports developing
countries to conduct satellite-based land-use change surveys, create forest inventories,
quantify greenhouse gas emissions and removal, and perform uncertainty analyses (FCPF,
2022).
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evaluation.30 Second, countries submit a comparison of measured results to the FREL in
their biennial update reports, and these results undergo another expert technical analysis.

According to the FCPF (2022), measurement combines two types of data: activity data, or
information on the magnitude of carbon emissions- or removal-relevant human activity,
and emissions factor data, or coefficients that translate activity data into tCO2 per unit of land
area. Measurement of five carbon pools — “above-ground biomass, below-ground biomass,
deadwood, litter, and soil organic carbon” — takes place using three primary sources of
information. First, satellite land monitoring systems capture activity data, i.e., the extent of
human-caused deforestation and degradation. Second, forest inventories contain global,
national, regional, or local information on relevant carbon stocks, allowing for the
conversion of activity data to measure impact via emission factors. Integration models —
ranging from basic spreadsheets to custom tools applying complex spatial models —
combine data from satellites and on-the-ground observations to measure emissions for a
given region, and uncertainty analyses account for systematic and random error.

Reporting requires compiling comprehensive data and information to make the
measurement step transparent and available in a standardized format. It must include
forest-related data, greenhouse gas emissions and removal estimates, a description of
methods for measurement and activities undertaken to fulfill its REDD+ commitments,
quality assurance and quality control checks, and uncertainty estimates. Data are stored in a
harmonized REDD+ database (FCPF, 2022).

Finally, verification entails a technical assessment of the FREL, and biennial reports are
scrutinized via both a technical analysis of activities, methods, assumptions, and emissions
impacts and sharing of international views among government agencies, institutions,
communities, and NGOs. The process may include, for example, interviews with select
government officials and national NGOs, assessment of (media) reports and training
materials, and making data available to several institutions and civil society for scrutiny
(UN-REDD Programme, 2011). Participating countries also undergo a Country Needs
Assessment to identify areas (financial, technical, institutional) where countries could use
further MRV assistance (FCPF, 2022).

The main issue with MRV that we came across in our research appears to be the
underdetection of forest degradation, which refers to the reduction of forest conditions
below natural capacity without reducing tree cover by more than 10% (which would then be
classified as deforestation), for instance through selective tree cutting.

Jayachandran et al. (2017) use a commercial satellite (QuickBird) that captures
high-resolution data. They claim its use led to higher estimated forest loss in control
villages than most other estimates of the Ugandan deforestation rate, because the high
resolution allowed them to measure selective tree cutting (i.e., forest degradation). The

30 Concerns about “gaming the system” are tied to this step, since countries can choose the
reference period that acts as a baseline against which to assess progress, and may also
exploit other methodological degrees of freedom.
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qualitative findings of Duchelle et al. (2018) also suggest that high-resolution data capture is
important for accurate measurement: “Of the four studies … three case reports highlighted
that — despite mixed outcomes — carbon effectiveness of REDD+ projects was limited by
not adequately addressing drivers of degradation or mitigation dimensions more broadly
than simply carbon losses in forests” (p. 137).

Song (2019) highlights the growing importance of measuring degradation for
environmental integrity and corroborates the difficulty of measurement in the context of
the California Tropical Forest Standard that made forest offsets eligible in the state’s
cap-and-trade system beginning in 2019:

Keeping track of trees is essential. For the REDD programs, Brazil has relied
on a satellite program that tracks large-scale tree loss, starting at chunks the
size of about 10 city blocks. But there’s emerging evidence that landowners
are clear-cutting smaller areas to escape detection. It doesn’t account for
degradation, the thinning of trees from wildfires and logging; a major study
found this cut the Amazon’s carbon content by an average of 55%. Luiz
Aragão, who heads the remote sensing division at Brazil’s National Institute
for Space Research, said wildfires alone can change the numbers by 30%, and
scientists are just beginning to understand how they create lasting damage.

Song (2019) also expressed concerns about tracking and measuring degradation, which can
be difficult, particularly because the Tropical Forest Standard does not require reporting at
the same level as it does for deforestation:

The [Tropical Forest S]tandard requires programs to exceed protections in
existing policies and to show a drastic reduction in deforestation … but it
doesn’t make countries report degradation, potentially leaving out a huge
chunk of the emissions. Jason Gray, chief of the board’s cap-and-trade
program, said degradation is hard to measure, but the standard will
incentivize better monitoring so countries can add the data later. “If we wait
to have the perfect information,” he said, “it might be too late.”

While we have not come across research that informs our expectations regarding the exact
extent to which MRV overlooks emissions (reductions), we are optimistic that — with a
sufficiently significant demand signal for certified REDD+ credits — technological
improvements in satellite detection and movements toward corroborating satellite data
with on-the-ground data will attenuate MRV issues in the coming decade. Nevertheless,
we assume that 5% of emissions go undetected, particularly from unmeasured
degradation, due to MRV shortcomings.

https://doi.org/10.1016/j.cosust.2018.07.001
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Increasing REDD+ incentives would likely improve equity and effectiveness,
with unknown implications for impact and cost-effectiveness

The effectiveness of PES programs depends on whether local actors are sufficiently
incentivized to follow through with conservation actions. It is therefore important to
consider whether the effective carbon prices paid through REDD+ programs are high
enough to guarantee real changes in outcomes on the ground.

Poverty can be a key driver of forest clearing and degradation, as people seek to monetize
the natural resources afforded by the forests in order to pursue higher living standards
(Miyamoto, 2020; Bostwick, 2019).31 Individuals or communities might choose to convert
forested areas to cleared land for cattle grazing, as is o�en the case in the Amazon (Kröger,
2019). They may also choose to plant lucrative crops such as oil palm trees (Austin et al.,
2019).

Albani et al. (2012) calculated the opportunity cost of forest conservation at a net present
value of $5,000-$17,000 per hectare for palm oil plantations, and even more for high-value
mineral resources like gold or petroleum (p. 87).32 By contrast, they find that the
contemporaneous payment for REDD+ credits would be about $2,750 per hectare.
Similarly, Busch and Engelmann (2016) found that the average cost of anti-deforestation
projects to land users is $9/tCO2 and $21/tCO2 under a $20/tCO2 and $50/tCO2 carbon
price (respectively), with these average costs increasing as the options with the lowest
marginal cost are exhausted (p. 17).

In all of these cases, the opportunity cost of preserving forests can be quite steep. According
to Sanjay Joshi (Joshi, 2019),33 McKinsey has asserted that REDD+ payments could cover at
most 25% of total costs of conservation. Other organizations argue that McKinsey ignores
certain costs in their calculations, implying that the real coverage of REDD+ payments
might be even lower (e.g., Dyer and Counsell, 2010).

If REDD+ programs are effective in averting deforestation, then one should consider the
remaining costs as being borne by local communities,34 which are much less wealthy on
average than the developed-nation clients that purchase credits. That is, one should
consider both the total costs of conservation as well as relevant equity concerns.

34 This point is also briefly discussed by Sanjay Joshi in his 2019 EA Forum post (Joshi,
2019).

33We have not verified the source that led to that estimate.

32 “These figures are based on a price of $1,100 per metric ton for crude palm oil (CPO), a
fresh-fruit-bunch (FFB) average lifetime yield of 21 to 24 metric tons per hectare, and a 20
percent CPO/FFB yield” (Albani et al., 2012, p. 95).

31 As discussed in the section on PES, PES programs could exacerbate wealth and income
inequality, because local landowners tend to be relatively wealthy and the introduction of
anti-deforestation programs induces them to no longer allow poorer neighbors to benefit
from deforestation. One possible remedy could be direct cash transfers and other
anti-poverty programs that reduce the incentive to clear forests in the first place
(Alix-Garcia et al., 2018).
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On the other hand, it is possible that some REDD+ programs prove ineffective due to
insufficient incentives for local actors to preserve forests. As it stands, it appears that local
interests may be able to supplement the value of REDD+ credits. The case of Mato Grosso,
discussed in the below section on jurisdictional REDD+, exemplifies this dynamic.

We would benefit from exposure to new or existing research regarding the impact of
incentive size on emissions reductions, and from learning more about how incentive levels
are determined. This information would help us to understand the implications of funding
REDD+ from both ethical and effectiveness standpoints, as well as to consider whether
funds could be allocated to advocate fairer incentives. Stronger incentives have ambiguous
implications for cost-effectiveness in terms of dollars per tCO2. All else equal, stronger
incentives increase program costs, while, on the other hand, stronger incentives could lead
to disproportionately higher effectiveness and therefore lower cost per ton abated.
Additionally, stronger incentives would likely improve social benefits along other
dimensions, leaving us with significant uncertainty regarding the size and direction of
potential changes to the intervention’s cost-effectiveness both per tCO2 and per unit of
overall social impact.

Aligning incentives by improving carbon pricing is promising

The low and inconsistently applied price of carbon is a key reason that incentives have
been poorly aligned in past projects. A recent report suggests that in order to achieve the
goals of the Paris Agreement, a global price of $50-$100/tCO2 would be necessary to align
incentives (Forest Trends’ Ecosystem Marketplace, 2021, p. 4). Busch and Engelmann (2016)
estimated “that a universally applied carbon price of $20/tCO2 from 2016-2050 would
avoid 41 GtCO2 of emissions from tropical deforestation while a carbon price of $50/tCO2

would avoid 77 GtCO2” (p. 26, Table 3).

In 2021, REDD+ credits were selling for about $4-$5/tCO2, depending on whether they
transact in voluntary or compliance markets (Trove Research and University College
London [UCL], 2021, p. 45). Experts agree that the current prices of forestry credits are
currently much too low, undermining incentive compatibility for locals, failing to cover
opportunity costs, and reducing the average quality of credits on offer (Warren et al., 2018;
Person, 2021).

According to Trove Research and UCL (2021), current carbon offset prices are artificially
low due to an excess supply of credits on the market (p. 45). About 1 GtCO2 was on sale in
voluntary carbon markets in 2021, with annual supply outpacing annual demand by 7x-8x
(Jennifer L, 2022). This excess is a result of issues around the environmental integrity of
earlier offsets — both leading to inflated supply of (potentially non-additional) offsets and,
relatedly, reduced demand for them.

A private donor may be able to raise the market price of carbon offsets by increasing
demand for credits, possibly by making private purchases on voluntary markets. Trove
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Research and UCL (2021) estimate that clearing the aforementioned excess offsets from the
market would increase the price of offsets from $4-$5/tCO2 to $10-$15/tCO2 (p. 45).

In addition to raising the market price of offsets, purchasing excess offsets on the
voluntary market with a sustained commitment to continue purchasing over the coming
decade would help to send a signal to the market that carbon offset demand is on the rise,
spurring new projects to supply higher-cost but higher-quality carbon offsets.35

Companies that buy cheap offsets currently run the risk of greenwashing accusations, since
offsets characterized by environmental integrity would cost much more than the offsets’
current low prices. Philanthropic efforts could plausibly improve the average quality of
carbon offsets by offering an effective price floor.

However, we are unsure whether doing so would also signal demand for offsets with
questionable environmental integrity. A philanthropist may therefore consider placing
conditionality on the purchase of future REDD+ carbon credits based on quality criteria
(e.g., a particular certification).

Jurisdictional REDD+ is a promising anti-deforestation intervention

Jurisdictional REDD+ is “an accounting framework that establishes consistent baselines and
carbon crediting approaches across forest projects within a jurisdiction (e.g., state or
country)” (Giving Green, 2022b), as opposed to standalone REDD+ projects that operate
under project-specific contracts and arrangements.

As such, jurisdictional REDD+ increases the scale of coverage of the REDD+ program,
minimizing the risk of leakage from one jurisdiction to contiguous participating
jurisdictions, and allows for sharing of risks of impermanence across projects within a
jurisdiction. Moreover, reference levels over larger areas are less likely to lead to inflated
estimates of emissions reductions — in part due to fewer opportunities for project
developers to self-select into areas where baselines are favorable — and there may be more
localized benefits to human welfare if particular stakeholders (e.g., Indigenous peoples and
local communities) are involved in the distribution of benefits. However, the success of
jurisdictional REDD+ hinges on several conditions, including, though not limited to, the
existence of robust systems to facilitate MRV across scales, credible and sustained demand
for credits, and market development to facilitate trading. Philanthropic funding could play
several roles in catalyzing early-stage development of the jurisdictional approach, for
example, by creating or expressing demand for the resulting forest carbon credits or
providing risk-neutral financing opportunities. If the conditions are met, we have high
confidence that jurisdictional REDD+ will represent the anti-deforestation approach with
the highest impact, and the highest impact per dollar.

35 A careful reader may note that an increase in demand for credits may also spur a flood of
supply, potentially driving prices back down. Price dynamics indicate that demand-support
measures such as the one recommended here may work best with a policy of sustained
long-term credit purchasing.
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By increasing the scale of REDD+ coverage, jurisdictional REDD+ will likely help
to overcome concerns of leakage, additionality, and permanence, while
extending program benefits to Indigenous peoples and local communities

Jurisdictional REDD+ and project-based REDD+ are separated by a thin and o�en blurred
line. Project-based approaches may be absorbed into jurisdictional approaches through
“nesting” to align project-level approaches at any scale with jurisdictional baselines, MRV
strategies, emissions reduction estimates, and accounting methods, in order to avoid
double counting emissions reductions. Additionally, advocates of jurisdictional REDD+ (of
which there appear to be few to no opponents) claim that the jurisdictional approach
largely remedies leakage issues since measurement takes place on a larger scale thereby
incentivizing enforcement against geographically proximate deforestation. It also
attenuates the risk of impermanence associated with carbon credits since these risks can
be pooled across projects in a jurisdiction (Emergent, 2021b, p. 10).

Proponents also claim that jurisdictional REDD+ encourages and supports government-led
REDD+ programs and provides transparency and robustness of emissions reductions
estimates relative to a common baseline, which can facilitate their incorporation into
emerging carbon exchange mechanisms. A dra� consensus statement by eight
organizations describes the benefits of jurisdictional REDD+ as follows:

Jurisdictional-scale crediting has the potential to incentivize governments to
take the decisions and perform the actions that only they have the authority
to implement. This includes actions such as policy reform; recognition of
[Indigenous peoples’] and [local communities’] rights and full and effective
participation; and enforcement of the law. All of these are necessary to end
tropical deforestation at scale. Scale can be an important determinant of the
environmental integrity of carbon credits regardless of sector, with
larger-scale programs better positioned to mitigate risks of leakage,
non-additionality, and impermanence compared to stand-alone projects. For
example, reference levels based on the recent historical deforestation rates
of large areas are less likely to overestimate net emissions reductions,
suggesting that forest carbon crediting based on performance measured at
the scale of large jurisdictions can help ensure high quality credits.
Furthermore, the inclusion of Indigenous territories and the full and effective
participation of [Indigenous peoples] and [local communities] in
jurisdictional programs have the potential to extend benefits to more
communities, including for the conservation of carbon stocks. Therefore, we
believe that a rapid transition to jurisdictional-scale crediting for forest-based
emissions reductions and removals, including fully nested projects, can help
to ensure there is a robust pipeline of high-quality tropical forest carbon
credits. (Coordinating Committee of Indigenous Organizations of the
Amazon Basin et al., 2021, pp. 7-8; see also Seymour, 2019; Emergent, 2021b)
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We agree that jurisdictional REDD+ approaches represent the most viable path forward
for carbon credits with social and environmental integrity. While jurisdictional REDD+
credits are not yet available in the market, our take — based on conversations with experts
and our reading of the literature — is not only that they will become available soon (with
high likelihood), but that they will come to dominate the market for REDD+ credits over
the coming five years (with moderately high likelihood). Several comprehensive carbon
accounting and crediting platforms have already been established and gained acceptance
into important voluntary and compliance markets. For instance, Verra’s Jurisdictional and
Nested REDD+ accounting and verification framework, first released in 2012, and ART’s
The REDD+ Environmental Excellence Standard (TREES) have both been accepted into the
Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) market
(Verra, 2020b; ART, 2022).36

Moreover, public sector funding, which has primarily targeted REDD+ readiness programs
to date, is increasingly giving way to results-based payments. These funding trends, along
with increasing literature and dialogue around the benefits of jurisdictional REDD+ and the
development of relevant infrastructure and standards, leads us to believe that credits from
standalone projects will not reach market acceptance without nesting into their respective
jurisdictions in the future.

Finally, coordinated public-private investments in jurisdictional credits are on the
horizon and are likely to replace private sector-funded supply of forest credits from
individual projects. On Earth Day 2021, the Lowering Emissions by Accelerating Forest
Finance (LEAF) Coalition — representing the US, UK, and Norwegian governments along
with several multinational companies — committed an initial $1 billion to buy 100 MtCO2

equivalent of jurisdictional REDD+ credits for a minimum $10/tCO2, which will be
coordinated by Emergent and use its platform to generate supply credits compliant with
TREES (Forest Trends’ Ecosystem Marketplace, 2021, pp. 3-6).

When asked about the biggest opportunities for philanthropic funding in the context of
nature-based solutions, Lubowski (co-founder of Emergent) responded that
anti-deforestation is unequivocally the most important nature-based solution, and that he
avidly supports the jurisdictional approach. He claimed that there is “a fair amount of
evidence in favor” of the jurisdictional approach, but that it has generally moved more
slowly than desired in many respects, which he attributes at least in part to lack of resources
and effort. He recommends mobilizing funds to commit to pay for jurisdictional REDD+
results to activate the market and to help jurisdictions access the resources necessary to
achieve those results, with actionable opportunities available through the Climate and
Land Use Alliance (CLUA; see also CLUA, 2021).

36 CORSIA is a voluntary agreement to reduce emissions in the international aviation sector
coordinated by the UN International Civil Aviation Organization (Timperley, 2019).
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MRV coordination across scales will prove challenging

The importance of logistical challenges remains to be determined as jurisdictional REDD+
gains ground. First, there are issues of coordinating the carbon stock measurement at larger
scales:

From a carbon-accounting perspective, the biggest challenge is getting
enough random samples over a long enough period of time to offer
carbon-stock estimates that are 95 percent certain, which is what the
Intergovernmental Panel on Climate Change (IPCC) recommends. That can
be costly, because, despite all the advances in satellite and even drone
technology, it still requires sending teams out into the forest with
tape-measures. Then someone in the jurisdiction – usually in the forestry
department – has to blend those findings with satellite images going back
decades to document the jurisdiction’s land-use change over time – how
much forest has been converted to field and then to farm, and sometimes
back again. Once a jurisdiction has this, it’s actually more straightforward to
establish a reference level for an entire jurisdiction than it is for a small patch
of land. … That’s because things average out over a large scale, so a
jurisdiction can use its prevailing rates of deforestation as its reference level.
(Zwick et al., 2015)

Relatedly, MRV must be coordinated to ensure that sub-national systems are aligned with
the national system when nested REDD+ programs exist (FCPF, 2022). Additionally,
complexities may arise in harmonizing estimated emissions reductions across carbon
markets and accounting methods:

Critical barriers linked to diverse, multi-activity and multi-stakeholder
environments remain to which solutions are still needed. … Avoiding double
counting between different markets and accounting systems (e.g., carbon
markets, [nationally determined contributions], corporate supply chain,
emerging systems like CORSIA) must be addressed, e.g., by applying
corresponding adjustments (aligned with Paris Agreement Article 6) to
ensure that a mitigation unit (i.e., a [greenhouse gas] emissions reduction or
removal) is only counted once across all market and systems. (Gehrig-Fasel et
al., 2021)

Nevertheless, we believe that jurisdictional REDD+ is the best path forward and are
optimistic that these issues can be overcome with sufficient momentum and resources.

Early results from the Brazilian states of Acre and Mato Grosso suggest that
jurisdictional REDD+ can achieve significant reductions in deforestation and
meaningfully and equitably engage local stakeholders

Acre and Mato Grosso, respectively around the size of Tunisia and Venezuela, are Brazilian
states containing large swathes of the Amazon rainforest.
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Acre and Mato Grosso entered into REDD Early Movers programs in 2011 and 2017 to
facilitate a new jurisdictional REDD+ approach in the area (Schwartzman, 2021). The
programs are still ongoing, so all evidence is still preliminary.

Acre’s REDD+ scheme — which awarded $5/tCO2 for reductions below its average
deforestation rate between 2001-2010 — received $30 million (equivalent to about 1% of the
state’s GDP) from the German government for its emissions reductions between 2012 and
2017. While 10%-30% was reinvested to strengthen program administration, 70-90% was
distributed directly to participants responsible for implementation on the ground. The
incentives were apparently sufficient not only to protect the local forests, but also to
provide concrete benefits to local farmers and ranchers, as well as Indigenous Peoples
(Schwartzman, 2021, p. 8). Similarly, The Mato Grosso REDD+ scheme, funded primarily
by the German and British governments, allocated just $54 million (equivalent to about
0.2% of the state’s GDP) to protect a large swathe of forest (Schwartzman, 2021, p. 12;
Statista, 2022). While we have not found definitive results in terms of avoided carbon
emissions, the program appears to have been sufficient to support the recognition, political
participation, and capacity building of Indigenous Peoples in a state that had previously
largely ignored them or viewed them as impediments to growth (Schwartzman, 2021, p. 13).

Acre’s jurisdictional REDD+ approach has met or exceeded its goals across all
components (Schwartzman, 2021, p. 8, Figure 1; see also Global Forest Watch, 2018). The
rate of deforestation fell by 85% during the program period (p. 8).37

The published literature states thatMato Grosso’s REDD+ program coincided with a more
modest (20%) reduction in deforestation from 2020 to 2021 (Schwartzman, 2021, p. 12).
While this reduction may indeed be attributable to its jurisdictional approach, we are more
skeptical of attributing success in Mato Grosso to the jurisdictional REDD+ approach based
on this information given that 2020 and 2021 were associated with significant
COVID-induced changes in behavior and economic downturn that likely influenced
deforestation trends.38 Nevertheless, there are reasons to believe the jurisdictional
approach supported a reduction in deforestation, for instance, due to improvements in
local institutional and enforcement capacity. Due to the jurisdictional approach, the state
could make decisions on resource allocation and program enforcement: 40% of resources
were allocated to “institutional strengthening of the state’s system of incentives for
environmental services” (Schwartzman, 2021, p. 12).39 According to Lubowski, the state also

39 The other 60% were divided among three local subprograms addressing traditional and
family agriculture, Indigenous territories, and mid-sized agricultural producers
(Schwartzman, 2021, p. 12).

38 Additionally, formal “measurable emissions reductions and avoided deforestation results
are not yet quantified,” so we encourage additional caution in attributing any observable
reduction in deforestation to the program at this early stage (The Nature Conservancy,
2022, p. 19).

37 Other results — including the number of forest extractivist families, small farmers, and
livestock ranchers who benefited — showed impressive success as well.
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ramped up police enforcement activities40, even when the country as a whole rolled back
enforcement. Over the period from 2005 to 2012, Brazil also ramped up enforcement and
barred people from publicly-funded business loans if they were found to be in violation of
the program.

According to Lubowski, Mato Grosso serves as an impressive success story for early
jurisdictional REDD+. Despite the relatively small amount of payments from REDD+
funders, this program may actually have been profitable for the state, according to
Lubowski. Enforcers were able to collect substantial amounts in fines from violators, and
also reduced fund outflows in the form of business loans to illegal operations.

The Mato Grosso REDD+ program has provided some early lessons for future jurisdictional
REDD+ planning and implementation. For instance, the flexible and responsive
participatory governance structure of its subprogram on indigenous territories — which
gave significant influence to Indigenous representatives and facilitated strong dialogue
across stakeholders — serves as a model for ensuring program buy-in and equity (Brodsky
et al., 2022, p. 14-15). On the other hand, the programs in Acre and Mato Grosso pointed to
further need for patience, contextual understanding, cultural sensitivity, capacity building,
and design of financial mechanisms to enable “Indigenous People’s autonomy over time”
(Brodsky et al., 2022, p. 21; Schwartzman, 2021, p. 10; see also Guerra and Moutinho, 2020).
Lubowski also noted that there were “not enough carrots, mostly sticks,” involved in the
enforcement incentives, and that future jurisdictional schemes could improve on its model
in this and other ways.

Nevertheless, given the apparent success of these early jurisdictional REDD+ programs in
encouraging reduced deforestation (in Acre) and fostering local capacity building and
empowerment (in Mato Grosso) — along with the broad agreement from experts that
jurisdictional approaches are the best way forward — we encourage donors to consider
means by which their resources can bolster and support this approach.

Conditions for jurisdictional REDD+ success

1. Credible sustained demand is necessary to encourage supply of certified credits

From the corporate finance perspective, BlackRock CEO Larry Fink’s 2020 call to action
via his insistence that CEOs equate climate risk with investment risk represents a step in the
right direction (Fink, 2020). Also, net-zero emissions (and related) commitments from
companies and large corporations will instill confidence that demand for certified credits is
on the rise and will persist into the future. For example, Microso� has vowed to become
carbon-negative by the end of this decade and to negate by 2050 all of the company’s
historical emissions since its founding in 1975 (Smith, 2020).

40 In our interview, Lubowski clarified that certain deforestation activities were already
illegal in Mato Grosso prior to the REDD+ program, but insufficient resources had been
allocated to enforcement.
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Voluntary carbon markets suggest growing demand for forest protection carbon credits,
having represented ~5%-10% of voluntary carbon credits in 2010 and having grown to ~30%
of such credits in 2020 (Emergent, 2021b, p. 8), reaching $400 million total during
2017-2019 (Forest Trends’ Ecosystem Marketplace, 2021, p. 1, Table 1). CORSIA — the
voluntary agreement to reduce emissions in the international aviation sector — and other
international markets being negotiated under Article 6 of the Paris Agreement also
represent a potentially sizable source of demand with transaction values of more than $10
billion per year within this decade (Forest Trends’ Ecosystem Marketplace, 2021).

Innovative actors such as the Emergent Forest Finance Accelerator can help to stimulate
demand by removing transaction costs and financing frictions. Emergent — established
in 2019 by EDF in partnership with the Norwegian government — guarantees payments
based on forest results by purchasing “put options” that act as a price floor, with the option
to ultimately sell for a higher price to private actors (Emergent, 2022). Such mechanisms
provide certainty of demand for forest nations, as well as a unified platform for buyers’ ease
of purchase of verified high-quality carbon credits that may remove barriers to demand.

2. Political leaders need incentives to follow through

In her post on the World Resources Institute (WRI) website, Seymour (2020) points
out that government action is required to set up appropriate economic and legal
incentive structures to combat deforestation:

Halting and reversing deforestation and forest degradation on a large scale
usually requires actions that only governments can perform. Where forest
loss is due to illegal activity, only governments can enforce the law. Where
deforestation results from unclear land tenure, only governments can
recognize rights to resources. Where forest conversion or degradation is due
to licensing of concessions on state-owned land, only governments can
suspend or better regulate such licenses. Where deforestation is happening
on private land, governments can regulate land use and provide incentives
and disincentives through fiscal policies such as access to credit and tax relief.

She argues, however, that the governments lack political incentives to enforce
deforestation-related regulations and policies, and that this is a major driver of recent
upward trends in forest loss (Weisse and Goldman, 2019). She also argues that project-scale
interventions lack crucial legal enforcement and regulatory capabilities, such as
assignment of land rights, so that project-related gains are o�en not sustained or scaled.
Her view is that REDD+ finance is just one incentive (“within a set of stacked incentives,
including preferential commodity sourcing, reputational benefits”) for political leaders to
prioritize sustainable land use. Both Seymour (2020) and Griscom et al. (2017) point to
positive outcomes in Brazil in the 2000s that presumably derived from its “strong
regulatory framework, accurate and transparent federal monitoring, and supply chain
interventions” (Griscom et al., 2017, p. 11648).
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The credibility of incentive payout is also crucial. Past emissions reductions in Brazil that,
if their claims are accurate, should have led to $24 billion to $36 billion in REDD+
payments have only led to some $2 billion given the limited budgets of funders (e.g., the
UN and Norway), which one would imagine could lead to the erosion of trust and waning
motivation to devote scarce resources and attention to tackling the problem of domestic
deforestation. Thus, credible and sufficient incentives may go a long way in persuading
governments to implement and enforce policies and regulations that preserve forests.

3. Market architecture, infrastructure, and financing can facilitate trading

Based on qualitative academic research, private sector demand can be further stimulated
through increased certainty around market structure and design of REDD+, suggesting a
role for enhanced communication and common standards to build trust and confidence on
both the supply and demand side of the market (Laing et al., 2016).

Perhaps most importantly, as stated by Standard Chartered CEO Bill Winters, “agreement
is required on standards and certification under one commonly accepted international
standards body” (WEF and McKinsey & Company, 2021, p. 3). An international standards
body would not only facilitate dialogue among major market actors but also help to
rebuild trust in the integrity of forest-related offsets to the benefit of suppliers, who could
market the various features of the carbon credits they offer. The closest we found to such a
body is the Integrity Council on the Voluntary Carbon Market (ICVCM; successor to the
Taskforce on Scaling Voluntary Carbon Markets; TSVCM) — a private sector-led initiative
to meet the Paris Agreement goals comprising over 250 relevant institutional actors
representing carbon buyers and sellers — and the International Carbon Reduction & Offset
Alliance (ICROA), which advocates high-integrity, -quality, and -impact corporate climate
action and provides services through its accreditation program.

According to Carvalho and Álvarez Campo (2022), that endorsement by ICROA is just one
of three ways carbon credits may be “judged as having market acceptance,” with the other
two being CORSIA eligibility and (perhaps to a lesser extent) carbon standards whose
credits are accepted under the carbon markets of various jurisdictions (e.g., the EU
Emissions Trading System or California’s cap-and-trade program). The TSVCM (2021)
suggested that a set of core carbon principles ensure the integrity of carbon credits as well
as other features of carbon contracts that may account for, e.g., co-benefits in line with the
UN’s Sustainable Development Goals (Slide 16). Given progress in this space, broad
agreement on which standards meet a globally agreed set of criteria seems likely to us in
the next one to three years.

Moreover, increasing the reliability, availability, and transparency of pricing, risk, and
performance data through exchanges — or a centralized carbon exchange — that offer spot
and futures contracts would pave the way for structured finance, increase the confidence of
buyers, and facilitate market entry. Moreover, finance intermediaries and innovation are
needed to, for instance, address gaps in cash flow (i.e., between the time a contract is
signed and value generation from emissions reductions), de-risk early stage investments,
and enable high-risk, high-impact projects. There may be a role here for venture
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philanthropy (WEF and McKinsey & Company, 2021). Emergent’s (2021a) flexible
contracting model provides one such example.

4. Establishment of a clear regulatory framework can allow countries to use
forest-related carbon credits to help meet their Paris Agreement goals

Clear and coherent regulatory frameworks will help to align the market for forest-related
carbon credits with international climate goals under the Paris Agreement to ensure that
global average temperature rise does not exceed 2°C. For instance, emissions reductions
from jurisdictional approaches to REDD+ count toward a country’s nationally determined
contribution, and “nesting” — i.e., embedding individual REDD+ projects into jurisdictional
programs — can bring project-based REDD+ into alignment with the Paris framework and
remove the risk of double counting. For example, Peru’s pilot scheme strikes emissions
reductions from non-jurisdictional REDD+ projects that were sold as credits internationally
from its own emissions reduction inventory (WEF and McKinsey & Company, 2021, p. 28,
Box 10).41 Additionally, inclusion of forest credits in compliance markets would greatly
increase the scale of demand; for example, Colombia’s carbon tax compliance can be met
through purchase of voluntary carbon market credits (Verra, 2020a).

The International Emissions Trading Association (IETA) posits that costs to 2030 of
meeting nationally determined contributions (NDCs) — non-binding pledges that enshrine
countries’ emissions reductions targets (UNFCCC, 2014) — could be halved to $250 billion
annually, or abatement enhanced by 5 GtCO2 holding costs constant, under an
international carbon market (Carbon Pricing Leadership Coalition and IETA, 2019, p. 1). We
did not investigate the likelihood that such a market is established under Article 6 of the
Paris Agreement. In 2021, 32 countries committed to adopt the San José Principles for High
Ambition and Integrity in International Carbon Markets that they agree should guide such
an international carbon market, despite the lack of a consensus thus far, which may pave a
path toward future progress on this front (Dirección de Cambio Climático, 2021).

We estimate the cost-effectiveness of REDD+ to fall in the range of
$6-$62/tCO2 abated (50% confidence), excluding co-benefits
Our favored estimation of cost per ton for emissions reductions from deforestation comes
from a report by the World Economic Forum and McKinsey & Company, which appears to
err on the conservative side (i.e., higher $/tCO2) relative to other estimates we came across
in the literature. We make crude adjustments to their estimates to account for issues
discussed in the section on payments for ecosystem services — primarily additionality and
permanence — leading us to formulate a best guess of cost-effectiveness in the range of
$6-$62/tCO2 with 50% confidence. While we do our best to account for the possibility of
overstating cost-effectiveness by adjusting for these model omissions, two reasons we may
be understating cost-effectiveness is that McKinsey’s model uses a fairly high discount rate
and it does not account for seemingly sizable co-benefits. We did not have time to assess
the extent to which incorporating related changes may impact our estimate.

41 For reasons we do not know, this project was ultimately dropped (World Bank 2021).
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A World Economic Forum (WEF) and McKinsey & Company consultation
estimates that a majority of forest conservation can be achieved for
$10-$50/tCO2

WEF and McKinsey & Company’s (2021) consultation report undertakes a fairly rigorous
cost-effectiveness analysis (see notes on their methodology in the Appendix). Based on
literature reviews and expert interviews, they create an aggregate natural climate solutions
(NCS) carbon credit cost curve that derives information from more detailed cost curves for
each country deemed high-potential (i.e., representing 70% of their conservative estimate of
potential, so that 2.2 GtCO2 is not costed). They find that NCS carbon credit costs generally
lie in the $10-$40/tCO2 range depending on geography and type of NCS, which is
“significantly lower than technology-based removal” (p. 14), but that forestry is one of the
most expensive forms of NCS, at approximately $30/tCO2:

What drives high costs for avoided deforestation is land efficiency. As a rule
of thumb, protecting 100ha in an area where there is a 1% annual
deforestation rate will yield credits for avoiding the emissions from the
deforestation of 1ha per year. In practice, land costs can be funded by other
parties such as national governments or NGOs. In these circumstances,
avoided deforestation is lower cost than reforestation due to lower
maintenance costs. Our cost estimates were calculated based on typical
deforestation rates per country. While avoided deforestation may incur
higher costs in places, it is worth noting that it also carries the potential to
bring about more substantial co-benefits than other pathways. (WEF and
McKinsey & Company, 2021, p. 14)

WEF and McKinsey & Company’s (2021) analysis indicates significant regional variation in
project cost and abatement potential (p. 14, Figure 4b). For instance, high-feasibility projects
to avoid deforestation and peatland impact in the Democratic Republic of the Congo, the
Republic of the Congo, Bolivia, and Venezuela jointly have the potential to abate about 0.2
GtCO2 annually at a cost of $5/tCO2 or less, while such a project in Brazil alone could
accomplish similar (perhaps slightly higher) emissions reductions albeit for about
$20/tCO2. From eyeballing the figure, it appears that a vast majority of medium- to
high-feasibility carbon reductions from anti-deforestation initiatives have a
cost-effectiveness of $10-$50/tCO2.42 From a global social planner’s perspective of
maximizing social welfare cost-effectively, one should first finance the lowest-cost projects
(i.e., starting with cover crops in India, which are cost-saving on net) and work one’s way up
to the most expensive projects (i.e., medium-feasibility avoided deforestation and peatland
impact projects in Malaysia).

42 McKinsey & Company’s (2021) methodological appendix for its 2021 report with WEF
mentions the abatement potential for avoided deforestation at $10, $45, and $100/tCO2 is
1.0, 3.4, and 5.3 GtCO2 annually, respectively, which “includes deforestation of peat swamp
forests” but “excludes deforestation from mangrove forests and deserts” (p. 6).
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We are impressed with WEF and McKinsey & Company’s (2021) methodology.43 It seems
worth noting that they use quite a high discount rate (10%) to calculate net present values of
future emissions abatement in their model. We tend to believe that a 10% discount rate is
too high, since much of the literature on discount rates in climate economics debates
whether setting discount rates to match market interest rates (which are generally well
below 10%) is unethical, where some argue that discount rates should instead be much
lower, placing closer to equal weight on future value generation (see, e.g., Groom, 2014). On
the other hand, upon a quick scan of the experimental development economics literature,
it seems that high discount rates are empirically quite common in developing countries
(even up to 34%; Duquette et al. 2011, p. 451; Cardenas and Carpenter, 2008, p. 325). It seems
likely to us that the marginal abatement cost (MAC) curve44 would be fairly sensitive to
updates in the discount rate, though we are not sure to what extent. Nonetheless, we
speculate that lowering the discount rate would meaningfully increase benefits and
therefore cost-effectiveness outputs in their model.

Importantly, not all projects WEF and McKinsey & Company (2021) consider are REDD+
projects, but instead they consider multiple types of anti-deforestation projects targeted at
tropical countries. The report does not indicate any correlation between whether a project
falls under the REDD+ framework and its cost-effectiveness.

Importantly, the McKinsey model does not explicitly account for the two main issues of
concern according to our review of the literature: additionality and permanence (we are
less concerned about leakage based on our literature review). We crudely adjust for these
omissions in our rough model.

Finally, WEF and McKinsey & Company’s (2021) model only measures cost-effectiveness
in terms of CO2 benefits, not the co-benefits of anti-deforestation initiatives. However, the
report does provide a qualitative assessment of co-benefits, and a separate report, Valuing
Nature Conservation (McKinsey & Company, 2020), which we did not review in detail,
quantitatively evaluates co-benefits. Our cost-effectiveness assessment therefore also does
not include co-benefits. We have not undertaken a rigorous assessment of co-benefits, but
we assume their inclusion would significantly improve cost-effectiveness.

44 A MAC curve plots the cost per tCO2 abated (y-axis) against the CO2 abatement potential
(x-axis), starting with the lowest-cost options and progressing to higher-cost options. See
WEF and McKinsey & Company (2021, p. 14, Figure 4b) for an example.

43 We provide more detailed information on WEF and McKinsey’s (2021) methodology in
the Appendix.
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WEF and McKinsey’s estimates appear to be conservative relative to others in
the literature

The Center for Global Development predicts higher emissions abatement from forest
conservation for a given carbon price than do WEF and McKinsey

Modeling from a book published by the Center for Global Development (CGD) suggests
that reducing emissions from tropical deforestation by 50% would reduce the costs of
limiting warming to 2°C by 28% (Seymour and Busch, 2016). The book states that cutting
emissions in half could additionally reduce warming by up to 0.82°C and bring forward the
point in time when emissions begin to decline by up to five years (p. 125).

The CGD model of responses to carbon pricing indicates that over half of the lowest-cost
opportunities for emissions reductions in developing countries (excluding China) come
from forest conservation (Seymour and Busch, 2016, pp. 6-7). This finding is similar to that
of Griscom et al. (2017), who find that half of low-cost global emissions reductions come
from forest-related pathways and that a majority of NCS emissions reduction potential
exists in the developing world.45 Additionally, the CGD model suggests that a $20 ($50) per
tCO2 carbon price can avert 41 (77) GtCO2 to 2050 through payments for forest
conservation46 (Busch and Engelmann, 2015). The CGD model does not provide perfectly
comparable marginal abatement cost estimates to WEF and McKinsey & Company’s (2021).
However, its figure is somewhat more optimistic than WEF and McKinsey & Company’s
(2021), which suggests that a $20 ($50) per tCO2 carbon price would lead to about 43 (65)
GtCO2 abatement for all NCS.

Griscom et al. (2017) also predict higher forest emissions abatement for a given carbon
price than do WEF and McKinsey

In a widely cited 2017 academic study, 25 scientists from various relevant disciplines —
including biology, geography, agriculture, ecology, and economics — explore the potential
of 20 NCS for greenhouse gas mitigation (Griscom et al., 2017). They build upon the
established agriculture, forestry, and land-use greenhouse gas inventory of the
Intergovernmental Panel on Climate Change (IPCC), the highly trusted UN body tasked
with assessing the science of climate change. IPCC Working Group III had assessed eight
options in its inventory, which the study authors further disaggregate while also building in
constraints on food supply, nutrition, and biodiversity.

46 Seymour and Busch’s (2016) model discusses the issues of additionality, permanence, and
leakage, but does not appear to explicitly include such concerns in its top-line calculation
of cost-effectiveness.

45 Busch and Engelmann (2015) find that 89% of low-cost emissions reduction potential lies
in the 47 tropical countries that had signaled their intention to participate in REDD+ in
2016. We have not looked into which of these countries have subsequently followed
through to enroll in REDD+ schemes.
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Griscom et al. (2017) find that the maximum NCS mitigation potential is 23.8 GtCO2/year
(with a 95% CI of 20.3-37.4 GtCO2/year), with 11 GtCO2/year —more than the emissions of
Europe and the US combined (Andrew and Peters, 2021; as seen in Ritchie et al., 2020)—
representing cost-effective abatement at a carbon price of $100/tCO2. In other words, at
this carbon price, it would be cheaper to mitigate those 11 GtCO2 than for the emitter to pay
the carbon price. Two-thirds of these cost-effective47 emissions come from forest-related
pathways, some of which are already accessible as relatively cost-effective carbon credits
through REDD+ and other forestry projects. The authors find that a third of the
cost-effective NCS reductions can be achieved for less than $10/tCO2, including a large
fraction from avoided deforestation conversion, as indicated by the dark gray bars in
Figure 3.

Figure 3: 2030 climate mitigation potential of 20 natural climate solutions. From “Natural
climate solutions,” by B. W. Griscom, J. Adams, P. W. Ellis, R. A. Houghton, G. Lomax, D. A.
Miteva, W. H. Schlesinger, D. Shock, J. V. Siikamäki, P. Smith, P. Woodbury, C. Zganjar, A.
Blackman, J. Campari, R. T. Conant, C. Delgado, P. Elias, T. Gopalakrishna, M. R. Hamsik, …

J. Fargione, 2017, Proceedings of the National Academy of Sciences, 114(44), p. 11646
(https://doi.org/10.1073/pnas.1710465114). Copyright 2017 by the authors.

WEF and McKinsey & Company’s (2021) NCS MAC curve suggests about 2.7 (6.7)
GtCO2/year would be abated at a carbon price of $10 ($100) per tCO2, compared to
Griscom et al.’s (2017) more optimistic 4.1 (11.3) GtCO2/year (p. 11647). Unfortunately

47 In assessing cost-effectiveness, Griscom et al. (2017) consider the SCC to be at or above
$100/tCO2, i.e., a carbon price of $100/tCO2 is considered cost-effective. A SCC of $100
seems quite reasonable to us, given the current SCC used by the US EPA is $51/tCO2 and is
expected by an academic expert we trust to at least double this year (Au�amer, M., 2022).
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Griscom et al. (2017) do not provide estimates of abatement potential for other potential
carbon prices, nor for anti-deforestation interventions specifically.

Griscom et al. (2017) claim that NCS can contribute 37% of cost-effective CO2 mitigation
necessary through 2030 to remain on a track to have a 66% probability of limiting warming
to 2°C. This proportion declines to 20% through 2050 with the saturation of NCS and the
increasing proportion of mitigation coming from reduced fossil fuel use. Hence, they
argue, the importance of NCS is particularly salient in the near term, as NCS solutions
are immediately available, a point to which we are sympathetic despite our belief that the
paper overstates the scale of benefits achievable for a given carbon price.

Reforestation, while more expensive than avoided forest conversion, has the highest
mitigation potential, though Griscom et al. (2017) assume all forest grazing land (42% of
reforestation opportunities) is reforested, which is unrealistic. Avoided conversion —
described as having relatively low uncertainty48 — has the next highest potential and the
highest low-cost potential of the NCS, though they warn that “implementation costs may
be secondary to public policy challenges in frontier landscapes lacking clear land tenure”
(p. 11648), as argued by Seymour (2020) in the previous section on conditions for
jurisdictional REDD+ success.

The authors put these savings into the context of contemporaneous ambitions under the
Paris Agreement. At the time of the study, globally aggregated NDCs overshot the carbon
budget compatible with warming below 2°C to 2030 by 11-13 GtCO2 per year; NCS only
accounted for 20% of climate mitigation (about 2 GtCO2/year) to 2030.49

Note that the estimates presented in the paper also do not consider co-benefits of NCS, but
instead only incorporate data on activities and greenhouse gas emissions changes where
such data could be globally extrapolated, and consider a fairly low ambition (66% chance of
below-2°C warming) scenario. Hence, the benefits they report also appear to us to be quite
likely underestimated in this respect, though their findings are optimistic relative to the
other sources considered in this section. Given constraints on our time and expertise, we
did not closely evaluate the study’s methodology, but its publication in PNAS, high citation

49 Leaders from 145 countries containing almost 91% of forests have since endorsed the
Glasgow Leaders’ Declaration on Forests and Land Use (2021) at COP26 in October 2021. The
Declaration states that endorsers “commit to working collectively to halt and reverse forest
loss and land degradation by 2030 while delivering sustainable development and
promoting an inclusive rural transformation,” though it does not specify a way to reach this
goal. In a report published by the World Wildlife Fund UK, Bakhtary (2021) provides NDC
rating grades for each country on its coverage of NDCs following COP26, and
Nature4Climate (2017) has created the Natural Climate Solutions World Atlas to give
visibility into countries’ climate mitigation potential, cost-effectiveness, and commitment.

48 Griscom et al. (2017) attribute the relatively low uncertainty of avoided forest conversion
to increased global forest monitoring research stemming from global interest in REDD+.
Reduced uncertainty should be considered a spillover benefit of REDD+, though we do not
know the opportunity cost of those investments in technology and human capital.
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count, and the sheer number and variety of established coauthors led us to put sufficient
trust in its findings to present its results for comparison here.

We coarsely adjust WEF and McKinsey’s numbers to account for omitted risks
in their model and estimate a conservative cost-effectiveness range of
$8-$88/tCO2 and a more realistic range of $6-$62/tCO2 (80% confidence)

WEF and McKinsey & Company’s (2021) MAC assessment appears to be rigorous,
well-considered, and generally in line with (albeit more conservative than) other findings
from the literature. Most of the NCS they include in their MAC assessment lie in the
$5-$40/tCO2 range, though the majority of abatement potential from avoided deforestation
specifically appears to lie in the $10-$50/tCO2 range (“approximately $30”; WEF and
McKinsey & Company, 2021, p. 14).

However, WEF and McKinsey & Company (2021) do not appear to account for additionality
and permanence concerns in their model. We therefore incorporate our best guess of the
impacts of doing so, using WEF and McKinsey & Company’s (2021) $10-$50/tCO2 range as
a baseline — as well as an additional $5/tCO2 baseline consistent with the high end of the
market rate we identified and the amount paid by the Green Climate Fund in the REDD+
pilot phases — and making adjustments in this rough model that we modified from a
version sent to us by John Halstead (personal communication, January 22, 2022) in making
his CEA updates post-2018.50

We consider this estimate “conservative” given that WEF and McKinsey & Company’s
(2021) estimate seems to us the most conservative we have come across from our read of
their methodology, and we have revised their estimates upward with conservative (i.e.,
somewhat skeptical or pessimistic) adjustments, which leads to an updated range of
$8-$88/tCO2.

Using inputs that we believe to be more realistic given the move toward jurisdictional
REDD+, recent advancements in technology to improve MRV, and the like, we identify a
rough 80% CI of about $6-$62/tCO2, i.e., slightly less cost-effective than WEF and
McKinsey & Company’s (2021) estimates. We place more weight on this estimate given that
our best-guess estimates of the impacts of issues related to additionality, permanence,
leakage, and MRV is based on research of past PES and REDD+ programs, and we are more
optimistic about future programs given recent progress. We emphasize that co-benefits —
on which anti-deforestation and other forestry-related projects tend to score very highly
— are not accounted for in these CEAs, such that cost-effectiveness from the perspective
of total impact (including non-CO2 benefits) is almost certainly underestimated.

50 We did not check the underlying assumptions regarding how changes to these numbers
affect the resulting cost-effectiveness, and would prioritize doing so given more time.
Additionally, we would spend more time thinking about the extent to which we would take
an “additive” versus a “multiplicative” approach (i.e., whether the impacts arising from any
issue area affect the cost-effectiveness irrespective of improvements to other issues). For
now, we include a version of both in our range estimates.
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As such, we think that forest-related carbon credits represent an impactful and
cost-effective climate change mitigation opportunity with significant benefits deriving
particularly from funding delivered in the near term, given the irreversible cost of delay.

Crucially, without a comprehensive understanding of cost-effectiveness across climate
interventions, it is impossible for us to say whether funding REDD+ is the most
cost-effective climate intervention. Additionally, without a means by which to compare the
impact of climate interventions with non-climate interventions in, say, global health or
poverty reduction, it is very difficult to incorporate the opportunity cost of funds toward
REDD+. We hope to see progress along both of these dimensions in future EA research.

Our best guess is that there is about $100 billion to $200 billion of room for
more funding for emissions reductions from jurisdictional REDD+

Our best guess is that there is currently room for between $100 billion and $200 billion in
annual direct funding for REDD+ (low confidence, given dependence on one source).51 Of
these funding needs, we are only aware of public pledges totaling $19.2 billion over the
coming decade (UNEP, 2021) and corporate pledges totaling $1.5 billion (LEAF Coalition,
2022), averaging to about $2 billion per year and leaving a gap amounting to the high tens
or low hundreds of billions of dollars in annual unmet need for direct REDD+ credits in
the next 10-15 years to remain consistent with a 2°C scenario. It appears that funds directed
toward REDD+ and the UNFCCC are increasingly used for conservation payments rather
than for “readiness” and other overhead costs, so we would expect future funding to be
more directly linked to forest protection than they have been in the past.

If one concluded that REDD+ were effective and credible, socially optimal funding would
clear the market for carbon credits all the way up to the point where their price equaled the
social cost of carbon (SCC).52 Given the climbing estimates of the SCC, and past difficulties
in delivering REDD+ payments, we should expect that there is substantial room to grow
before this area is no longer neglected. Indeed, to clear the market, funding would need to
grow by at least one order of magnitude over the next decade. (See also Trove Research and
UCL, 2021, for a recent report outlining the shape of the voluntary credits market, which
contains useful context for much of this section.)

52 Our report does not explicitly consider any climate interventions other than REDD+. As
such, we cannot say whether REDD+ is neglected relative to other climate interventions. We
only note that at current costs, REDD+ does appear to be able to abate emissions
cost-effectively, meaning that it would cost less than the SCC — particularly if the SCC is
set at $100/tCO2 or higher.

51 This best guess is based on the research from Keohane and Seymour (2021) that suggests
that cost-effective climate change mitigation in line with the 2°C target would require about
2 GtCO2 of annual international REDD+ transactions at $50-$100/tCO2 (p. 5).
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From the perspective of meeting Paris Agreement goals and commitments, Keohane and
Seymour (2021) emphasize countries’ need for significant REDD+ transactions to
cost-effectively meet their NDCs and, even more difficult, the 2°C scenario:53

Public international flows for forests and commitments for
performance-based REDD+ finance averaged only about $1 billion per year
between 2010 and 2017 (Climate Focus 2017). Estimates of the total cost of
achieving deep (50-75%) cuts in global deforestation emissions run into the
high tens of billions of dollars annually (Busch et al. 2019; Kindermann et al.
2006). A more policy-relevant figure may be the international financial flows
required to support significant reductions in deforestation, as distinct from
efforts within tropical forest countries. New research indicates that
cost-effective implementation of current NDCs would entail about 1 billion
tonnes of international REDD+ transactions per year (over and above what
countries would do domestically) at prices of $10-$20 through 2035. A
2°C-consistent scenario would, in theory, entail double the volume at
$50-$100 prices (Piris-Cabezas et al. 2019; Piris-Cabezas et al. 2021).

As another benchmark for comparison, existing financial flows for
tropical forest protection continue to be dwarfed by perverse public subsidies
and private investment in activities that can drive deforestation. The $1
billion in annual international public flows cited above compares to an
annual average of more than $34 billion in domestic subsidies to
commodities that drive deforestation in Brazil and Indonesia alone.
Further, average annual international flows of “grey” (not
environmentally-sensitive) finance to the land sector over the same period
totaled almost $100 billion (Climate Focus 2017). (Keohane and Seymour,
2021, p. 5, emphasis ours)

At COP26 in 2021, more than 100 world leaders committed to end and reverse
deforestation this decade, with public and private funds to support the pledge reaching
$19.2 billion (Rannard and Gillett, 2021). In a sort of best-case scenario where we assume
the market and non-market funding captured by Forest Trends’ Ecosystem Marketplace
(2021) misses 20% of funding due to measurement error, that these market and non-market
sources of funding triple from the 2017-2019 period of measurement to 2022, and that the
COP26 pledge mobilizes $19.2 billion annually instead of just once,54 we would still not
reach the “high tens of billions of dollars annually” that Keohane and Seymour suggest is
the relevant aggregate annual funding target from the literature; in fact, we wouldn’t even
reach $20 billion annually under these (extremely generous) assumptions.

54 A UN Environment Programme (2021) announcement appears to indicate that the $19.2
billion pledge covers the entire period from 2021 through 2030, and is not annual.

53 Note that the Paris Agreement’s objective is maintaining a global average surface
temperature “well below 2°C above pre-industrial levels and pursuing efforts to limit the
temperature increase to 1.5°C above pre-industrial levels” (Climate Action Tracker, 2019).
Staying within an emissions threshold consistent with 1.5°C warming would require more
ambition.
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Carvalho, formerly of the South Pole Group, informed us that 2.2% ($14 billion) of global
climate finance is directed to land use projects,55 and urged that “we need to step up finance
to address a lever that could be one of the most cost-effective solutions to meeting Paris
goals” (see also Climate Policy Initiative, 2021). Given the tiny share of funding going to
forestry projects, it seems quite plausible that forestry solutions are neglected even within
the climate space.

Lubowski, of Emergent, told us that the largest source of demand for forest protection
carbon credits comes from the voluntary market. However, credits from voluntary carbon
markets equated to only 1/250 (0.4%) of annual emissions from tropical and subtropical
deforestation in 2020 (Emergent, 2021, p. 8).56

That said, financing and commitments appear to be ramping up, with 61% of forest finance
tracked from 2009 to 2019 having been transacted or disbursed from 2017 to 2019 (Forest
Trends’ Ecosystem Marketplace, 2021, p. 1), and about 40% ($159 million) of voluntary
financing during the latter period coming in 2019, the most recent year with available data
(Emergent, 2021). Emergent (2021) claims that “this level of investment still falls
significantly short of the scale of finance required” to keep warming below 1.5°C (p. 8). Such
a ramp-up in funding is promising: Forest Trends’ Ecosystem Marketplace (2021) notes that
the “gap between the finance needed versus what is currently flowing remains massive, but
it is beginning to narrow” (p. 4).

Much of the (primarily non-market) funding for REDD+ has thus far been allocated to
“readiness” — i.e., planning and capacity building to pave the way for more effective
results-based payment contracts (see the section on jurisdictional REDD+) — and has not
directly had an impact on forest loss (Forest Trends’ Ecosystem Marketplace, 2021, p. 39,
Table 6). Lately, according to Forest Trends’ Ecosystem Marketplace (2021), “donor
emphasis on REDD+ Readiness programs … is beginning to shi� to results-based payments”
(p. 6).

Thus, while tackling emissions from deforestation and degradation may not be neglected as
a topic of discussion, funding is neglected relative to the size of the problem and there is
considerable room for more funding, seemingly to the tune of tens or low hundreds of
billions of dollars annually.

56 From 2017 to 2019, the voluntary carbon market transacted 105 MtCO2 equivalent (or
0.105 GtCO2 equivalent total, equivalent to about 0.035 GtCO2 equivalent/year) worth of
carbon credits, whereas gross average annual emissions from tropical and subtropical
deforestation is about 6 GtCO2 equivalent (Harris et al., 2021, p. 236, Table 1); in other
words, we can say confidently that 0.5% of annual emissions from deforestation are offset
each year in voluntary markets.

55 The land use category includes forest-related projects as well as sustainable agriculture
and fisheries, so 2.2% overstates the commitment to anti-deforestation initiatives.
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What we would do with more time

Further assessment of high-impact donation opportunities

While we have not spent significant time evaluating specific organizations in this space, we
have some inclinations on how we would do so. This overview is by no means exhaustive of
potential opportunities for high-impact funding.

In our conversation with Lubowski, he mentioned several well-considered and
immediately actionable funding opportunities on the CLUA website, so we would
recommend taking those as a starting point (CLUA, 2021).

Lubowski also recommended committing funds for results-based jurisdictional REDD+
payments and supporting the recipient countries in setting up their programs. One
reason we agree that this could be a promising opportunity is that the jurisdictional REDD+
infrastructure is still fairly new, and philanthropists are well-placed to provide financing in
a risk-neutral manner that will help to build market function and competence, paving the
way for future financing from risk-averse parties. We are not sure which organizations or
actions to recommend in this undertaking, but we would recommend starting by speaking
with Emergent.

Similarly, WEF and McKinsey & Company (2021) explicitly mention a potential role for
venture philanthropists to fill the need for bridging temporal gaps in the financing of
REDD+ projects, for instance between project conception and actual credit generation (p.
26). When asked where they would give money if they were in a position to make a large
donation, multiple experts mentioned support for jurisdictional REDD+, including
conservation trusts, public-private partnerships, jurisdictions that will implement REDD+
programs, and commitments to results-based payments. Supporting jurisdictional REDD+
projects is also one of CLUA’s (2022) four “forest protection” funding recommendations.

For large donors interested in identifying high-impact projects at a given point in time, and
who are willing to pay a consultancy fee, we recommend liaising directly with McKinsey’s
Nature Analytics team.

One interesting route that WEF and McKinsey & Company (2021) have highlighted is the
role of financial intermediation (p. 27). There may be a role for venture philanthropy in
addressing cash flow gaps and cushioning early-stage investment risks.

We also sympathize with Carvalho’s inclination toward supporting those who research
the chief concerns of the REDD+ model (e.g., additionality, permanence, leakage, and
MRV), and who identify innovative solutions to address those concerns, so that the lack of
rigorously researched solutions does not further stall the effective implementation of forest
PES schemes. Carvalho suggested that support for such research could catalyze the
development of a more robust global market for forest credits to more urgently address
ongoing forest loss. For instance, abstracting from feasibility momentarily, an RCT with a
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simple design could go a long way toward resolving uncertainties around impermanence —
for example, a study may suggest it is beneficial to remove PES payments a�er a
contracting period for a control subset of projects (globally or within a jurisdiction) in line
with the status quo, while maintaining those payments for a treated subset to compare
forest loss outcomes.

Moreover, given the seemingly critical issue of poor degradation measurement, we would
be curious to understand the extent to which funding high-resolution satellite data
capture or access could help to resolve such consequential measurement error. We are
aware of a few organizations working in this space, including Pachama and Space
Intelligence.

Finally, we would research opportunities to leverage funding across poverty alleviation,
biodiversity, sustainable agriculture, gender equity (e.g., the World Bank’s EnABLE
program; World Bank, 2021), and forest loss prevention initiatives. For instance, Ferraro
and Simorangkir (2020) find that a large-scale anti-poverty program in Indonesia that
provides conditional cash transfers to households for meeting certain health- and
education-related criteria led to a reduction in deforestation. Thus, in some contexts,57

targeting poverty alleviation programs for forest (fringe) dwellers seems likely to provide
a sizable additional benefit in terms of reduced deforestation. Given the significant
funding that is directed toward poverty alleviation and biodiversity conservation, it seems
that a donor could have significant impact in forging connections and fostering awareness
of shared benefits so that projects optimizing across all of these outcomes are prioritized.

We came across some other organizations during our research that may potentially be
promising (e.g., Conservation International), but we did not have time to research these in
any depth.

Further research into other interventions

Our primary focus has been on payments for ecosystem services in part due to the focus of
EA organizations on the Coalition for Rainforest Nations in recent years, mainly due to its
apparent status as the most viable and advanced coordinated forest loss prevention solution
(Halstead, 2018). Further work could dig more deeply into the merits of alternative and
potentially complementary approaches, such as targeting improved supply chains or
shi�ing forest product demand.

57 Context is o�en very important to the outcome of a program or policy. For instance,
Ferraro and Simorangkir state that, “One well-designed study [Alix-Garcia et al. (2013)]
reported that CCTs in Mexico increased deforestation and argued that this impact arose
a�er the transfers increased the consumption of land-intensive products. Our study finds
that different mechanisms appear to dominate in an Indonesian context and these
mechanisms could potentially dominate in many parts of Asia due to the importance of
rice as a staple crop and growing market access in rural areas.” (p. 1).
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Further research into climate impacts of forests

We would additionally like to spend more time engaging with the academic debate
regarding tropical forests’ net climate impacts (e.g., see Popkin, 2019), and perhaps
interviewing subject-matter experts to gain a deeper understanding. We would also like to
get a sense of the distribution of primary uses for tree products to get a better sense of
aggregate climate impacts.

Additional ways we would spend more time

● Conduct extensive research to identify the best giving opportunities in the broader
NCS space (in particular peatlands, as these were mentioned in conversation on a
few occasions as a potentially highly important and neglected area, as well as
mangroves; Fernanda Adame et al., 2017)

● Reach out to more experts to resolve some of our remaining uncertainties. Some
experts with whom we might initially aim to engage include Frances Seymour
(WRI), Seema Jayachandran and Pam Jagger (as recommended by Justin Labeille
from Giving Green), an MRV practitioner at Space Intelligence (or other REDD+
MRV specialist), and an expert in anti-deforestation carbon accounting — preferably
one who has worked on setting up or piloting accounting systems for jurisdictional
REDD+ — regarding the challenges to jurisdictional REDD+ that we and others have
identified, as well as challenges and conventions in MRV. Among others, we would
discuss the following questions and uncertainties:

○ What is the extent to which conditions for success will be met? (We are less
confident that jurisdictional REDD+ is a cost-effective climate change
mitigation approach if efforts are ultimately not undertaken to meet the
outlined conditions, or if jurisdictional approaches do not take hold.)

○ To what extent will jurisdictional REDD+ reduce the gap between committed
and realized emissions reductions?

○ How much can we trust the progress that has been made to safeguard against
additionality, leakage, impermanence, and MRV within the REDD+
framework?

○ How exactly are PES incentive sizes determined? (The answer will affect both
cost-effectiveness and impact, through incentive compatibility, and may also
affect our views on whether the approach is equitable.)

○ Will REDD+ be included as a means toward meeting countries’ NDCs under
the Paris Agreement, thereby affecting neglectedness and cost-effectiveness?58

○ How does the “M” in “MRV” (i.e., measurement) distinguish between natural
and human-induced deforestation and degradation?

58 According to Forest Trends’ Ecosystem Marketplace (2021), “the potential of forests
within NDCs to meet Paris Agreement targets remains largely untapped … analysis shows
that integrating climate cooperation through carbon markets into Article 6 and including
REDD+ could result in almost doubling emissions reductions for the same total cost as a
non-cooperative scenario for NDCs. As of June 2021, dra� Article 6 text indicates inclusion
of REDD+ is certainly on the table” (p. 4).
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● Compare the results for cost-effectiveness between various forestry-related
interventions, as well as with other climate mitigation opportunities

● Interview and read the research of Justin Baker, associate professor at North
Carolina State University, on active forest management, which he is quoted as
claiming to be “o�en neglected” and “more cost-efficient” than preserving forests
(Moore, 2021)

● Conduct a detailed CEA, instead of making simple adjustments on Halstead’s
(personal communication, January 22, 2022) model — ideally including co-benefits.

● More closely vet the basic methodology underlying Halstead’s model — to which we
only made minor adjustments (and mostly just to inputs) — and review Mendelsohn
and Sohngen (2019), which he recommended

● Conduct further research and modeling to answer the questions:
○ If we extrapolate anti-deforestation forest funding trends to 2030 and

assume that all of it goes toward the most cost-effective anti-deforestation
opportunities, how much would abating 1 tCO2 cost (i.e., where do we end up
on the MAC curve)?

○ Under the same trend extrapolation, how far into the future would all
forest-related emissions with an abatement cost below $100/tCO2 be
avoided?
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Appendix: WEF and McKinsey’s marginal abatement cost curve
methodology

To determine abatement potential (the horizontal axis), WEF and McKinsey & Company
(2021) considered 5x5 square kilometer pixels of land, assessing the maximum potential for
carbon sequestration across different types of land. They accounted for “agricultural rent”
(i.e., economic value that can be realized from agricultural land) and chose low-rent ($10/ha
or less) and medium-rent ($10-$45/ha) pixels for NCS interventions, representing high- and
medium-feasibility projects, respectively. They validated this methodology by
demonstrating that about 90% of global carbon credit projects are located in the low- and
medium-rent pixels. Total potential for NCS is 10.2 GtCO2/year, and “practical” potential
(excluding low-feasibility land) is 6.7 GtCO2/year (McKinsey & Company, 2021, p. 2).

To determine the cost of abatement per tonne of CO2 (vertical axis), the team used a net
present value approach, summing negative and positive cash flows (informed by 80-100
expert interviews) of the lifetime of potential projects over a 30-year time horizon. They
used a 10% discount rate on agricultural revenues based on expert guidance, which is the
rate development banks generally use for evaluating developing country investments
(McKinsey & Company, 2021, p. 2). Costs included land costs (to acquire or rent the area of
land to implement NCS, plus other costs like land taxes), initial project costs (e.g., legal,
administration, site preparation), recurring project costs (e.g., labor, maintenance, security,
overhead, and community payment), and carbon credit monetization costs (e.g., validation,
verification, issuance; excludes marketing).

The team used Busch et al.’s (2019) land-cover change model to identify areas at risk of
deforestation by 2050, which would lead to emissions on the order of just under 260 GtCO2

(for reference, total anthropogenic annual emissions are about 40 GtCO2, so this amount
corresponds to about 6.5 years of current annual anthropogenic emissions). Deforestation
of mangrove forests and deserts were not included.

They then conducted a straightforward geospatial analysis at a regional scale and
aggregated this analysis up to the national and global scales. Their full process, including
expert interviews, took about two months to complete. They did not conduct a formal
sensitivity analysis.
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