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Forests are a crucial component in the international efforts towardmitigating climate change. Achieving the

potential contribution of forest climate actions, however, is challenging. Just as the technical issues like

monitoring and MRV (measurement, reporting, and verification) must be addressed, the institutional

issues of fulfilling the emission reduction and removal (ER&R) responsibility, including climate

governance and finance, must be worked out. Compared to the broad attention that the technical issues

have attracted, however, fewer studies have explored the institutional issues. This article presents our

perspective on how to tackle the institutional and technical issues coherently by asserting that it is

paramount to build a more balanced portfolio of knowledge base and policy response. In addition to

raising their climate ambitions, countries should consolidate their approaches to climate governance and

nest local initiatives within the jurisdictional programs. They should also strengthen their means and

measures for carrying out their commitments, including implementing more effective ER&R plans and

enhancing carbon pricing mechanisms and public and private partnerships of climate investment. Thus,

more research should be done on the comparative performance of alternative approaches to climate

governance and nesting, and adopting more transparent standards, protocols, and methodologies.

Further, greater attention should be directed to the longer-term, multi-dimensional effects of forest

interventions with more reliable data and more robust techniques. Other than pursuing actions of the

large, non-RBP (results-based payments) space, future research needs to examine not only the “results”

but also the “payments” of RBP interventions.
Environmental signicance

Forests are a crucial component in the international efforts toward mitigating climate change. Achieving the potential contribution of forest climate actions,
however, is difficult. Just as the technical issues like monitoring andMRV (measurement, reporting, and verication) must be addressed, the institutional issues
of fullling the emission reduction and removal (ER&R) responsibility must be worked out. Compared to the broad attention that the technical issues have
attracted, fewer studies have addressed the institutional issues. This article offers our perspective on how to tackle the institutional and technical issues in an
integrated manner.
Introduction

Forests are a crucial component in the international efforts of
ghting climate change. As stressed by IPCC,1 limiting global
warming to 1.5 °C or well below 2 °C requires land-based
mitigation, with most of the likely pathways including
different combinations of reforestation, afforestation, reduced
deforestation, and bioenergy. When adopting the Glasgow
Declaration at the 26th Conference of Parties (COP) of the
United Nations Framework Convention on Climate Change
(UNFCCC) in 2021, world leaders promised to strengthen their
shared commitments to conserve forest and other terrestrial
ecosystems and accelerate their restoration, as well as to
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the Royal Society of Chemistry
facilitate sustainable trade and development policies interna-
tionally and domestically.2 However, sorting out and achieving
the potential contribution of these forest sector climate actions,
or nature-based solutions (NbSs), is complicated and chal-
lenging.3,4 Hence, it is important and benecial to tackle the
relevant issues.

There exist technical issues on the monitoring and MRV (i.e.,
measurement, reporting, and verication) of emission reduc-
tion and removal (ER&R) to be addressed, in addition to making
future projections at the nexus of energy use, economic growth,
and environmental change.5 Likewise, there are institutional
issues on assuming and fullling the ER&R responsibility to be
worked out by the global community. Chief among the insti-
tutional issues are what appropriate governance approaches—
jurisdictional or project oriented—to climate actions should be
taken and how countries can nance the implementation of
their actions to achieve the Paris climate targets.6 Furthermore,
Environ. Sci.: Adv., 2025, 4, 705–712 | 705
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these technical and institutional issues tend to be intertwined
and thus must be tackled together.

Compared to the broad attention that the technical issues
have attracted, nonetheless, fewer attempts have been made to
address the institutional issues. Without careful exploration
and resolution of the latter, however, it is less likely to advance
the forest sector climate actions at scale. Therefore, a timely
reframing of the forest sector climate actions is called for. This
short essay offers our perspective on the subject by tackling the
institutional and technical issues in a coherent manner. To that
end, we examine, in the following sections, the changed role of
the forest sector, the reality of nancing forest sector actions,
the rules of the forest carbon “game,” the status of current
research, and the recommendations to realign strategies and
strengthen policies. We hope that our deliberations will help
clarify the confusion and controversy surrounding the gover-
nance and implementation of forest sector climate actions and
contribute to moving the international climate agenda forward.

Changed role of the sector

Forest sector NbSs were initially brought onto the international
arena of climate change mitigation under the Clean Develop-
ment Mechanism of the 1997 Kyoto Protocol, albeit with only
afforestation and reforestation (A/R) being included.7 While
projects were carried out with support from some advanced
economies (i.e., Europe plus New Zealand), their coverage and
scale was limited and carbon sequestration and storage was
inconsequential. Later, the Bali Action Plan was adopted at the
2007 COP to reduce greenhouse gas emissions from deforesta-
tion and forest degradation (i.e., REDD). In 2010, the COP
decision on REDD+ expanded the role of forests in mitigating
climate change to include conservation of forests, improvement
of forest management, and enhancement of forest carbon
stocks as well.8

The REDD+ initiative was envisioned to be a voluntary,
national program in the pan-tropical, developing countries with
nancing from developed countries; however, it has been
implemented as a mixture of national (and subnational)
programs and individual projects.7 The UNFCCC's encourage-
ment for “demonstration activities,” coupled with the perceived
protable opportunities, prompted an early explosion of local
REDD+ projects in the voluntary carbon markets.9 The rst
private project was launched in 2008 in Colombia,10 and Brazil
was the rst country to submit its national forest reference level,
or FRL, to the UNFCCC in 2014.8 Aer completing the required
action plan and other tasks, Brazil was, again, the rst to receive
results-based payments (RBP) from the Green Climate Fund
(GCF)—an operating arm of the nancial mechanism under the
UNFCCC—in 2019.

Last several years have witnessed an increased interest in
and rapid growth of forest-based ER&R and carbon offsetting, as
more and more business and other social organizations have
made their pledges to reach carbon neutrality before the mid-
century.11 But the RBP transactions have been slow coming and
thus unable to deliver the expected impact as promoted by some
advocates, which we will discuss later. More importantly, the
706 | Environ. Sci.: Adv., 2025, 4, 705–712
passage of the Paris Agreement invalidated the bifurcation
between Annex I (developed) countries and non-Annex I
(developing) ones in allocating and assuming the ER&R
responsibility. Every country, or Party, has been mandated to
submit its nationally determined contribution (NDC) to the
UNFCCC, and close to 70% of them included forest sector
actions in their initial NDCs. With a heightened alert of the
climate crisis and improved knowledge of forest sector's miti-
gation potential, countries, especially the large emitters, have
been urged to raise their climate ambitions. By 2020, 90% of the
Parties incorporated Land Use, Land-Use Change and Forestry
(LULUCF) actions in their NDCs. In comparison, about 60
developing countries have reported REDD+ activities, mostly
readiness and piloting, to the UN Climate Change Secretariat.12

According to Griscom et al.,3 forest-based pathways offer over
two thirds of cost-effective NbSs needed to hold warming to
below 2 °C and about half of low-cost mitigation options. More
specically, reforestation is the largest natural pathway and
avoided forest conversion offers the second largest maximum
and cost-effective mitigation potential. Improved forest
management, or IFM (i.e., natural forest management and
improved plantations pathways), possesses large, cost-effective
mitigation opportunities. Together, the LULUCF actions
would more than double the ER&R effects of the REDD+
initiative to over 10 billion tons of carbon dioxide equivalent (or
tCO2e) a year if they could be adequately adopted.3,13 Moreover,
it is agreed that most, if not all, of the LULUCF actions are more
effective in terms of both cost and time compared tomany other
ER&R alternatives, particularly in such sectors of the economy
as energy, manufacturing, and transportation.

As a matter of fact, the small, local REDD+ projects them-
selves have begun to shi toward jurisdictional regimes,14

which is thought to be crucial to the successful execution of
NbSs at the national level.11,15 A jurisdictional REDD+ program
is a government-led endeavor to address the drivers of defor-
estation and forest degradation and to enhance forest carbon
stock over a large national (or subnational) jurisdiction. It
differs from individual projects, which cover a relatively small
area, undertake activities (as opposed to policies and regula-
tions) to address local drivers of deforestation and forest
degradation and are oen carried out by civil society organiza-
tions and private companies.11

In short, REDD+ is no longer inclusive of the ER&R efforts
that the world forest sector is expected to undertake, with the
latter necessary for achieving the Paris climate targets, along
with sustainable development, being far beyond the scope and
signicance of the former. Therefore, it is paramount to view
the evolution of forest sector NbSs in this broader context to
seek more effective governance approaches and means and
measures to advance the global climate agenda.

Reality of financing

In principle, developing countries achieving REDD+ results
could be awarded RBPs, which may come from multiple sour-
ces, including the GCF, the Carbon Fund of the World Bank
Forest Carbon Partnership Facility (FCPF), and bilateral and
© 2025 The Author(s). Published by the Royal Society of Chemistry
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multilateral international assistance. In addition, voluntary and
compliance carbon markets and other jurisdictional and phil-
anthropic funding sources have become more and more
signicant in support of domestic and international climate
initiatives.

A pilot program for RBPs was launched by the GCF in 2017.
Since 2019, it has approved the REDD+ RBP funding proposals
of eight countries, offering a total of 133 million tCO2e.
Unfortunately, its envelope was depleted in 2020 and a subse-
quent phase has been part of the ongoing international nego-
tiations. According to Sandker et al.,16 as of September 2022, 56
countries had submitted 75 reference levels and 18 of them
reported REDD+ results, and 386 million tCO2e of REDD+
results had been awarded RBPs for results achieved between
2006 and 2016 in seven of the eight countries. Likewise, since
2020, seven countries have reported REDD+ results to the FCPF
Carbon Fund, with six of the available reports having
a combined ER&R of 104 million tCO2e. The rst RBP under
Carbon Fund was made at the end of 2021. Overall, the World
Bank17 indicates that its FCPF has supported 47 countries in
their piloting and implementation of the REDD+ programs/
projects with an annual budget of a few hundred of million
dollars. The RBP transactions handled by the GCF and the FCPF
have so far been uniformly priced at just $5 per tCO2e.16

For one reason of the limited international climate nance,
developed countries have failed to deliver what they promised
in 2009—US$100 billion a year by 2020—to aid mitigation and
adaptation actions in developing nations.18 A large portion of
that pledge (∼US$10–15 billion per year) was intended to cover
expenses on preparing and executing REDD+ actions.19 Conse-
quently, the GCF and the FCPF have run into continued funding
constraints, and the intergovernmental climate nance is re-
ected in just a few large bilateral andmultilateral agreements.8

Furthermore, while active and rapidly evolving, voluntary
carbon markets, including trading activities in the LULUCF
arena, represent a small portion of the existing, let alone the
expected, size of global carbon markets. The trade volume of
forest carbon credits in the voluntary markets peaked at 517
million tCO2e in 2021, but it dropped to less than one tenth of
that amount in 2023,20 largely due to the credits' perceived lack
of credibility.21 Additionally, forest carbon credits have accessed
compliance markets in only a few national (e.g., New Zealand
and China) and subnational (e.g., California and Quebec)
jurisdictions, with a very low range of allowable offsets (<8%).
Of course, these unpleasant developments have to do with the
fact that it takes time and effort to resolve the challenges
encountered in determining the reference levels and thus
carbon additionalities of REDD+ and other forest projects or
programs.16

Meanwhile, jurisdictional funding has become essential in
advancing A/R, IFM, and other forest sector actions by
expanding public sector forest nance and leveraging sovereign
and philanthropic funding to mobilize more private capital.11

To deal with the limited capability and inefficiency associated
with the project-oriented approach and to accelerate the pace of
climate mitigation and adaptation, governments, businesses,
and other entities have increasingly engaged in carbon
© 2025 The Author(s). Published by the Royal Society of Chemistry
nancing through jurisdictional approaches. Organizations
that wish to reduce emissions via REDD or to enhance removals
via A/R or IFM nance forest sector NbSs across an entire
jurisdiction, instead for individual projects. The resulting
payments are made to the jurisdictional authorities where the
NbSs are pursued. In fact, as a core component of the climate
governance paradigm under the Paris Agreement, jurisdictional
funding represents an important turning point in carbon
nancing.22 Many countries, such as India and Canada, have
launched their tree-planting, forest management, or biomass
utilization initiatives. Countries have also undertaken ecolog-
ical restoration programs (ERPs) as part of their commitments
to sustainable development.13 While most of the ERPs may not
have been originally conceived for carbon sequestration or
emission offsetting, they are now called upon to serve this
additional function.5 Following the UN declaration of this
decade as the Decade of Ecosystem Restoration, ERPs have
become a primary platform for funding ER&R activities in the
forest sector.13

China is a case in point. The central government already
invested about 700 billion yuan ($110 billion) by 2017 in several
large ERPs.23 Also, the country has planned to spend about three
trillion yuan ($470 billion) on nine large regional ecosystem
restoration and conservation initiatives during 2021–2035,
which are expected to further improve the ecological conditions
and the local people's livelihoods. When these programs were
originally planned, carbon sequestration and storage by forest
and other terrestrial ecosystems was not explicitly considered.
With the country's updated NDC targets to peak GHG emissions
this decade and reach carbon neutrality before 2060, however,
they have attracted broad interest for removing carbon from the
atmosphere to offset its emissions.24

Another recent positive development is that COP29 was able
to bring together nearly 200 countries in Baku, Azerbaijan, and
reach a breakthrough agreement with a central focus on climate
nance.25 Included in the agreement are: (1) triple nance to
developing countries, from the previous goal of USD 100 billion
annually to USD 300 billion annually by 2035; and (2) secure
efforts of all actors to work together to scale up nance to
developing countries, from public and private sources to the
amount of $1.3 trillion per year by 2035. To accomplish these
international funding goals while accelerating domestic climate
support, it is crucial to realign our strategies of governing and
implementing climate actions, including those in the forest
sector.

Rules of the carbon “game”

The UNFCCC has always focused on the key role that national
authorities play in mitigating climate change.5 For the REDD+
initiative, countries were required to develop, in addition to an
action plan and FRLs, a forest monitoring system and a safe-
guards information system.7 However, the early actions through
individual projects gave rise to a myriad of local challenges such
as meeting accounting requirements, assuring buyer con-
dence, and securing community rights, among others.26 In
comparison, the NDC architecture of the Paris Agreement
Environ. Sci.: Adv., 2025, 4, 705–712 | 707
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underpins jurisdictional approaches to climate governance—
making and executing pledges by administrative bodies of
a national authority, with the obligations of subordinate bodies
being nested within the national pledge.26,27 Meanwhile, the
UNFCCC and its supreme governing body, the COP, track the
progress that has been made by a given Party and assess to what
extent the pledged commitments by all Parties will collectively
meet the global temperature targets.2 Brazil's persistent reduc-
tion of deforestation during the rst 16 years of this century28

and China's substantial expansion of forest cover over the last
several decades24 are examples of successful jurisdictional
endeavors.

Governance is the process of making and enforcing deci-
sions within an organization (society).29 Adopting jurisdictional
approaches has made what we learned under the Kyoto Protocol
or from the experience of forest carbon markets inadequate. So,
it is imperative to expand our perspective of and realign the
policy and practice in governing forest sector climate actions,6,24

which we argue is far more than “effective regulation” itself.30

Nesting pertains to how governments mobilize, coordinate, and
supervise subnational, oen local and smaller-scale, activities,
and integrate them with larger national programs to achieve
their NDCs and support the transition to low-carbon develop-
ment.14 It entails not only the design and execution of national
and subnational activities but also the identication and veri-
cation of their baselines or FRLs, against which the interven-
tion outcomes can be determined.31,32

Of course, the primary outcome of any intervention is its
carbon additionality—whether and to what extent it reduces
emissions from deforestation and forest degradation or
increases emission removals from A/R, IFM, and other actions.
This additionality is also linked to carbon leakage avoidance—
whether emission reductions in one place are displaced by
those to another place—and permanence—whether the benets
of emission reductions are reversed.21 Without taking these
requirements and rules into account of the MRV process, the
assessed additionality can easily be called into question, and
concerns about the credibility and accountability of forest
carbon projects will ensue.

Further, there exist multiple distinctions between RBP and
non-RBP climate solutions. First, the baselines differ. For
REDD+ and other RBP projects, the baselines for carbon emis-
sion reductions are the emission levels under the business-as-
usual scenario.19,31 These baselines are set for a given period,
over which the annual emission levels may vary. Carbon addi-
tionality is the yearly difference between the actual emission
and the emission corresponding to the FRL. In contrast, for
non-RBP cases, forest sector climate actions are compared with
reference to a single base year. Total emissions reduced and
removed in that base year are subtracted from those in the
future accounting period to determine the number of credits or
debits resulting from the identied activities.2 For comparison,
China uses 2005 as its base year, whereas REDD+ projects in
Brazil have no single base year but must develop the historical
trajectory over a period (say, 2016–2020) according to their
counterfactuals of no intervention.4 Offsetting and crediting
practices are different as well. REDD+ actions are driven by
708 | Environ. Sci.: Adv., 2025, 4, 705–712
international nance, and project funding from various sources
has been slow and small. For non-REDD+ countries, most
transactions and nances are domestic, with expenses to be
covered by revenues from a carbon pricing mechanism or with
public or private nance. This distinction is relevant as more
countries develop their own programs of forest carbon or
ecosystem restoration through jurisdictional nancing.4 In
general, the above distinctions have direct implications to the
governance and nance of climate solutions.

Moreover, compared to project-based approaches, jurisdic-
tional ones tend to have certain advantages beyond their
conformity with the NDC architecture.11,26 As elaborated else-
where,4,26 jurisdictions have stronger capabilities of monitoring
and MRV in carrying out their commitments. That is,
accounting and offsetting across multiple projects within
a large region or country can alleviate the more uncertain but
less permanent outcomes of time-limited activities to ensure
the accuracy and reliability of forest carbon additionality and
credits. Also, jurisdictional approaches make it more practical
for the ER&R safeguards to be more adequately fullled, and
they can be more efficient as the entry barriers for smallholders
and the high transaction costs and uncertainties are alleviated
over larger spatial coverage. As a result, they are expected to lead
to a greater likelihood for countries to accomplish the necessary
climate actions. Jurisdictional funding has also opened new
opportunities for “nesting” and “hybridizing” market-based,
public, and other private alternatives; as such, it promises to
accelerate funding of forest sector NbSs.33 For example, unlike
project developers, governments have the authority to enforce
policy and control land use change broadly, while the private
sector can serve as a source of immediate RBPs. Also, incentives
for aggregating projects across a jurisdiction can mitigate the
risks of non-additionality, non-permanence, and leakage, and
the threats to indigenous rights.22,26

On the other hand, while individual carbon projects feature
“bottom-up” initiatives and direct linkages to local interest and
participation, some of their weaknesses, such as the limited
capacity and coordination, and the lack of accountability as well
as credibility, have been unfolding.34,35 In fact, numerous rain-
forest carbon offsets by some of the biggest certiers have been
found to be worthless.36 Of course, jurisdictional approaches
face their own challenges as well. Among others, they may be
insufficiently transparent or exible, subject to corruption and
political turnover, and/or lack of broader support and incen-
tives;33 coordination across scales in these projects generates
challenges vertically across spatial and jurisdictional scales, but
also horizontally across sectors.1 Thus, the differences between
RBP and non-RBP actions of the forest sector and the advan-
tages and disadvantages of alternative approaches to governing
forest sector actions must be better understood for purposes of
climate policy design and implementation.

Status of the current research

Many scholars have heeded the conditionalities of forest carbon
interventions, including baseline identication, leakage detec-
tion, and permanence assessment. For instance, Mertz et al.37
© 2025 The Author(s). Published by the Royal Society of Chemistry
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and Teo et al.32 investigated the uncertainties in establishing
FRLs and predicting future carbon stocks. Highlighting the
variability of local forest conditions and thus the difficulty of
determining carbon additionality, they argued for scaling up
project implementation and assessment to a higher level of
aggregation. In examining carbon leakage, for instance, Steck38

made the case for integrating avoided deforestation projects
into national REDD+ strategies and underscored the need for
nesting. Galik et al.39 revealed non-permanence in A/R projects
under the CDM and explored options for addressing them. Sun
et al.40 further demonstrated that if the permanence condition
is ignored, the forest carbon credits generated can be inevitably
exaggerated.

Nonetheless, limited attempts have been made to investigate
how to scale up forest climate interventions, what the compar-
ative advantages and disadvantages of alternative governance
approaches, as well as their differentiated capabilities and
complex linkages, are, and how to nest local carbon projects
into jurisdictional climate programs. On the other hand, eval-
uating the impacts of forest sector interventions, including
projects linked to the voluntary markets, has been a hot topic.
While some of these evaluations were based on randomized
controlled experiments (RCE), such as Jayachandran et al.,41

many are observational studies (OBS), such as West et al.,10,42

Groom et al.,19 and Roopsind et al.31

Jayachandran et al.41 assessed a popular intervention—
nancial incentives for small landowners to keep their forests
intact—in Uganda. They reported that the program caused an
increase in tree cover of 5.55 ha per village, and the cost of the
two-year trial was $0.46 per averted ton of CO2. By randomly
assigning who would be eligible for the program, this type of
work is not subject to concerns about biased estimates due to
self-selection into the program or targeting by program
administrators based on unobservables.43 Also, it is advanta-
geous for the study to use high-resolution satellite images in
detecting tree cuttings. Because an RCE can be costly and get
into ethical and other problems,43 however, its application
remains rare.

West et al.42 claimed overstated emission reductions by most
of the REDD+ projects in Brazil, and a similar nding for several
other countries was reported by West et al.10 Groom et al.19 and
Roopsind et al.31 are analyses of national jurisdictions; the
former echoed the earlier nding for Indonesia, whereas the
latter indicated that the program of Ecuador was successful.
Another two studies44,45 dealt with carbon offsetting under
California's cap and trade program, showing a “systematic over-
crediting” due to inaccurate FRLs. Identifying a counterfactual
in determining the impact of a RBP intervention, nonetheless,
is not easy given the impracticality of assigning the treatment
randomly and the existence of confounding factors. An added
difficulty is that at the national level, it is hard to nd
a comparison group, leading to the creation of a synthetic
control.46 However, each unit in the donor pool must be chosen
judiciously to provide a reasonable control for the treated unit,
and this, plus the decisions on predictor selection and dura-
tions of model tting before validation and prediction post
validation, could alter the assessed outcomes somewhat.32,37
© 2025 The Author(s). Published by the Royal Society of Chemistry
Notably, West et al.10,42 knew that the REDD+ projects were
not part of the NDCs of those covered countries, and that the
voluntary markets seemed lack of integrity. So, they suggested
an alignment of project- and national-level carbon accounting,
and they further asserted that imposing one common baseline
would in turn facilitate the inclusion of emission reductions
claimed by decentralized initiatives into national GHG emis-
sion inventories. These steps would ultimately ensure consis-
tency in the treatment of leakages and avoid ER&R double-
counting. Likewise, Badgley et al.44 and Coffield et al.45 high-
lighted the challenges of quantifying carbon additionality and
called for improving program design and offsetting protocol.
Also worth noting is that most of the evaluations used geo-
spatial data of forest cover derived from satellite imagery. The
use of high-resolution satellite images can generate accurate
and continuous observations that may not come from a forest
inventory system due to its focus on aggregate units and infre-
quent iteration (in every 5–10 years). If the spatial resolution is
coarse (say, one pixel covers at least 1 km × 1 km) like that of
Roopsind et al.31 and Groom et al.,19 however, the data may not
have the precision that a quality impact evaluation requires.41 It
is unclear whether and under what circumstances and stan-
dards the geospatial data are permissible as a substitute for
forest inventory information in carbon accounting and
offsetting.
Closing remarks

Tremendous progress has been made in piloting, executing,
and evaluating forest sector NbSs, especially RBP interventions
like REDD+. As our knowledge of the climate crisis and the
global commitment necessary to tackle it deepen, the forest
sector has seen a greatly expanded set of actions to mitigate and
adapt to climate change. Meanwhile, adopting the Paris climate
targets and implementing the NDC-centered means and
measures has made what we learned under the Kyoto Protocol
or from the experience of voluntary markets less useful. Still,
recent policy and research endeavors have been largely
concentrated on such technical matters as monitoring, MRV,
baselining, and projection. Except for issues pertaining to
impact evaluation, scant attention has been devoted to the
institutional matters encountered in carrying out the envi-
sioned climate actions. As a result, barriers abound in the
design of policies, institutions, and governance systems at all
scales that will contribute to land-related mitigation while
facilitating the pursuit of climate-adaptive development
pathways.1

Going forward, therefore, it is essential to build a more
balanced, relevant knowledge base and to seek more sensible,
effective policy options, which means a reframing of the forest
sector actions and a reprioritization of the global climate
agenda. First of all, wemust recognize that the ER&R efforts that
the world forest sector is expected to undertake for achieving
the Paris climate targets are much larger, broader, and more
important that REDD+.13 Therefore, all forest sector NbSs
deserve adequate and consistent ER&R attention.
Environ. Sci.: Adv., 2025, 4, 705–712 | 709
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Second, in addition to raising their climate ambitions,
Parties must strengthen their means and measures for carrying
out their commitments, including developing and implement-
ing more effective action plans and enhancing carbon pricing
and other market mechanisms, and public and private climate
nancing. The bilateral and multilateral climate nance and
other international funding channels must also be strength-
ened in terms of availability and access. It is especially crucial to
design equitable and effective RBP schemes and improve the
fairness, transparency, and accountability of allocating and
using climate funds at the local level.30,33 Third, countries need
to clarify and consolidate their approaches to climate gover-
nance and nest local initiatives and activities within the
national programs appropriately. Just like a jurisdiction relies
on implementing concrete projects to accomplish its climate
commitment, the success of a project depends on how well it is
integrated within a jurisdictional approach. Fourth, the
UNFCCC and other international agencies should monitor the
actions and track the progress of Parties more closely and
effectively. In particular, the principles and practices of carbon
accounting, offsetting, and safeguarding need to be more
clearly and coherently specied and even standardized if
possible.

Accordingly, more research should be conducted on the
comparative performance of alternative approaches to climate
governance and nesting, as well as on developing and adopting
uniform protocols and methodologies. In this regard, rst,
greater efforts should be directed to the longer-term, multi-
dimensional effects of forest sector interventions, REDD+ or
otherwise, with more reliable data and more robust methods.
Second, it is benecial to clearly delineate the differences
between RBP and non-RBP actions of the forest sector and the
advantages and disadvantages of the alternative governance
approaches in addition to their variable capabilities and link-
ages. Third, it is of keen interest to examine whether the notion
of “keeping forests standing”47 is universally justiable for
carbon sequestration and storage. While appealing and
reasonable under certain circumstances, it may not stand up to
scrutiny because of the increasing opportunity cost of holding
a larger forest stock for a longer time combined with the
demand for commercial use of wood at competitive revenues.
Improving forest conditions should be done in close coordi-
nation with improving wood products processing and utiliza-
tion, considering their feasibility and benet of substituting for
products derived from fossil fuel or non-renewable materials.

Finally, in addition to the large activities of the non-RBP
space, future research needs to examine not only the “results”
but also the “payments” of RBP interventions, including how to
raise carbon prices closer to the social cost of carbon and how to
integrate forest-based offsets into compliance and voluntary
carbon markets more broadly and effectively. Meanwhile, it is
essential to explore how countries expand the scope and
increase the magnitude of their funding for climate actions
from jurisdictional, philanthropic, and other sources. Hope-
fully, these steps will go a long way in advancing the forest
sector NbSs and supporting the low-carbon, green transition of
the world economy.1,6
710 | Environ. Sci.: Adv., 2025, 4, 705–712
Data availability

As a perspective piece, no original data were used in it and thus
no need for data disclosure.

Author contributions

FMZ: conceptual formulation, data collection and processing,
analysis, manuscript writing; YQS: conceptual formulation,
data processing, manuscript writing and revision, coordination;
RSY: conceptual formulation, data collection and processing,
analysis, manuscript writing and revision.

Conflicts of interest

There are no conicts to declare.

Acknowledgements

The authors appreciate the constructive comments and criti-
cisms made by the reviewers and editors of this journal, as well
as many of their colleagues and students in the U.S. and China,
most notably Bill Hyde, Ying Lin, and Wei Xie. R. S. is grateful
for nancial support from the AgBioResearch of Michigan State
University.

References

1 IPCC (International Panel on Climate Change), Climate
Change and Land: Summary for Policymakers, 2020,
available at: https://www.ipcc.ch/srccl/.

2 UNFCCC (United Nations Framework Convention on
Climate Change), Reference Manual for the Enhanced
Transparency Framework under the Paris Agreement, Bonn,
Germany, 2020.

3 B. W. Griscom, J. Adams, P. W. Ellis, R. A. Houghton,
G. Lomax, D. A. Miteva, W. H. Schlesinger, D. Shoch,
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