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Abstract
Emerging research points to large greenhouse gas mitigation opportunities for activities that are
focused on the preservation and maintenance of ecosystems, also known as natural climate
solutions (NCS). Despite large quantifications of the potential biophysical and carbon benefits of
these activities, these estimates hold large uncertainties and few capture the socio-economic
bounds. Furthermore, the uptake of NCS remains slow and information on the enabling factors
needed for successful implementation, co-benefits, and trade-offs of these activities remain
underrepresented at scale. As such, we present a systematic review that synthesizes and maps the
bottom-up evidence on the contextual factors that influence the implementation of NCS in the
peer-reviewed literature. Drawing from a large global collection of (primarily case study-based,
N = 211) research, this study (1) clarifies the definition of NCS, including in the context of
nature-based solutions and other ecosystem-based approaches to addressing climate change; (2)
provides an overview of the current state of literature, including research trends, opportunities,
gaps, and biases; and (3) critically reflects on factors that may affect implementation in different
geographies. We find that the content of the reviewed studies overwhelmingly focuses on tropical
regions and activities in forest landscapes. We observe that implementation of NCS rely, not on one
factor, but a suite of interlinked enabling factors. Specifically, engagement of indigenous peoples
and local communities, performance-based finance, and technical assistance are important drivers
of NCS implementation. While the broad categories of factors mentioned in the literature are
similar across regions, the combination of factors and how and for whom they are taken up
remains heterogeneous globally, and even within countries. Thus our results highlight the need to
better understand what trends may be generalizable to inform best practices in policy discussions
and where more nuance may be needed for interpreting research findings and applying them
outside of their study contexts.

1. Introduction

It is estimated that natural climate solutions (NCS)—
carbon sequestration activities that focus on the ‘pro-
tection, restoration and sustainable management of
terrestrial and coastal ecosystems and landscapes’—
have the potential to provide a third of emission

reductions needed to keep global temperature rise
below 2 ◦C (Griscom et al 2017). However, an under-
standing of how, if, and where these potentials can be
met andwith what trade-offs and co-benefits remains
underresearched (IPCC 2019). As such, attention is
shifting to the need for more information and data
on the feasibility of NCS activities, in particular at

© 2021 The Author(s). Published by IOP Publishing Ltd

https://doi.org/10.1088/1748-9326/ac4071
https://crossmark.crossref.org/dialog/?doi=10.1088/1748-9326/ac4071&domain=pdf&date_stamp=2021-12-30
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-1120-4220
https://orcid.org/0000-0002-9518-7511
https://orcid.org/0000-0002-8681-9839
mailto:ingrid.schulte@hu-berlin.de
http://doi.org/10.1088/1748-9326/ac4071


Environ. Res. Lett. 17 (2022) 013002 I Schulte et al

the country-level and lower (Brancalion et al 2019,
Chazdon et al 2020, Lamb et al 2021, Roe et al
2021).

In addition, the dynamics of implementation at
scale remain unclear. Local stakeholders—including
communities, companies, and governments—have
an important role to play in protecting and restor-
ing forests and natural ecosystems (Ostrom 2009,
Mansourian 2016, Seymour 2020). For example, is
there buy-in from these actors for these activities?
What does the political economy look like? Even
with stakeholder support—what kind of informa-
tion and finance is needed, and is it accessible?
Many questions regarding NCS are analogous to
concerns that have been faced in Reducing Emis-
sions from Deforestation and forest Degradation4

(REDD+) efforts. Evidence from experiences imple-
menting REDD+ provide a useful bridge for discus-
sions regarding NCS. For example, research indicates
that there has been some progress in advancing
REDD+ objectives, but transformational change
remains limited because necessary factors to oper-
ationalize REDD+, such as strong leadership and
finance, remain weak (Korhonen-Kurki et al 2019).
Communities are intended implementers and bene-
ficiaries of REDD+, but this has not been reflec-
ted on the ground (Duchelle et al 2018, Skutsch and
Turnhout 2018). Additionally, designing REDD+
with incentive-based conservation challenges and
other environmental goals in mind has led to mixed
results due to conflicts with political and societal pri-
orities and, as such, low political and social feasibility
(Rosa Da Conceição et al 2018)5.

Furthermore, there has been a growing trend
towards harnessing nature to implement the Sustain-
able Development Goals, including as a climate solu-
tion, while recognizing nature alone is not enough
(Anderson et al 2019, Smith et al 2019). There is a
clear need to understand the evidence base that exists
around implementation, to more effectively commu-
nicate this information to decision makers and stake-
holders, and to identify and address key knowledge
gaps (Malhi et al 2020, Walsh et al 2021). In addition,
it is important to understand how nature can real-
istically contribute to climate targets, including what
types of activities lead to what outcomes (e.g. avoided
emissions vs. removals). This is increasingly import-
ant given the urgency of climate change mitigation
and as more attention is given to NCS in debates

4 The full definition of REDD+ is ‘reducing emissions from
deforestation and forest degradation in developing countries, and
the role of conservation, sustainable management of forests, and
enhancement of forest carbon stocks in developing countries.’
5 REDD+ safeguards, also known as the Cancun safeguards, were
introduced in 2010 at the 16th Conference of the Parties to
the United Nations Framework Convention on Climate (COP16)
to ensure that a broader set of issues (e.g. transparency, par-
ticipation, biodiversity) are taken into account during REDD+
implementation.

around voluntary carbon markets, emissions trading
systems, and climate ambition6.

This study contributes to the global assessments
and evidence on the role of nature for climate change
mitigation. Although individual studies and reviews
have investigated implementation of NCS activities
on local levels (Hoang et al 2019, Huang et al 2019,
Uisso et al 2019), this synthesis is a first attempt
to provide a broad assessment of implementation
that can inform further research and policy dir-
ections. This is particularly valuable for informing
meso-scale planning and designing non-quantitative
indicators for monitoring NCS, such as when setting
national targets and extrapolating insights from spe-
cific case studies may present biases due to hetero-
geneity within the country. Furthermore, this study
contributes to an emerging research field to advance
the implementation ofNCS by complementing recent
publications on the potentials, costs, and feasibility
of NCS (Griscom et al 2020, Roe et al 2021). Finally,
it develops a comprehensive and in-depth database
that can facilitate a move towards more normat-
ive research (Nielsen et al 2019), for example, by
highlighting key research questions and validating or
challenging widely held assumptions and narratives
around the potential of NCS, the current discourse
and state of research, and the realities on-the-ground.

Specifically, we (1) clarify the definition of NCSs,
including in the context of nature-based solutions
(NbS) and other ecosystem-based approaches to
addressing climate change; (2) present a system-
atic mapping and review of the literature on NCS
implementation; and (3) reflect on characteristics of
NCS that are relevant to designing and implementing
socially just solutions and achieving long-term posit-
ive change.

2. Defining natural climate solutions

Researchers frequently encounter new terms and
ideas. These are often integrated in policy, includ-
ing high-level agreements and conventions. Translat-
ing these into action and ensuring they are imple-
mentable requires a common understanding of what
these termsmean in science, policy, and practice (Star
and Griesemer 1989, Brand and Jax 2007, Abson et al
2014).

‘Natural climate solutions’ is a subset of the
umbrella concept of ‘nature-based solutions’. NbS
are defined by the International Union for Con-
servation of Nature as ‘actions to protect, sustain-
ably manage, and restore natural or modified ecosys-
tems that address societal challenges effectively and
adaptively, simultaneously providing human well-
being and biodiversity benefits’ (Cohen-Shacham

6 Responding to a call from over 70 countries, the United Nations
has even proclaimed a ‘Decade on Ecosystem Restoration’ starting
this year that will run through 2030 (UNGA 2019).
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Table 1. Examples of references to natural climate solutions in policy and academia.

Author Source Definition or reference

Policy
briefs

The Nature
Conservancy

Website ‘Natural climate solutions are conservation, restoration and
improved land management actions that increase carbon storage
or avoid greenhouse gas emissions in landscapes and wetlands
across the globe.’

Conservation
International

Website ‘Any action that conserves, restores or improves the use or
management of these ecosystems—while, and this is import-
ant, increasing carbon storage and/or avoiding greenhouse gas
emissions—can be considered a ‘natural’ climate solution.’

Nature4Climate Website ‘Approaches used to limit global warming by working with nat-
ural and managed forests, grasslands and agriculture, as well as
wetlands systems to lower concentrations of greenhouse gasses in
the atmosphere. This is accomplished by employing land use and
management strategies that avoid greenhouse gas emissions and
enhance carbon sequestration.’

World
Economic
Forum

Website ‘The Natural Climate Solutions (NCS) Alliance aims to scale up
affordable natural climate mitigation solutions for achieving the
goals of the Paris Agreement on climate change. These include;
reforestation protection and conservation, livestock, animal and
land management, and coastal wetland and peatland restoration,
among a wide array of cost-effective solutions.’

WBCSD Proposal ‘Nature-based Solutions can remove up to one-third of the
necessary CO2 reductions. The Natural Climate Solutions ini-
tiative led by WBCSD seeks to make this possible by enabling
private sector investment into these solutions.’

Academic
literature

Griscom et al
2017

Article, PNAS ‘Protection, restoration and sustainable management of ter-
restrial and coastal ecosystems and landscapes such as forests,
grasslands, agricultural lands and wetlands’ via ‘conserva-
tion, restoration, and improved land management actions that
increase carbon storage and/or avoid greenhouse gas emissions
across global forests, wetlands, grasslands, and agricultural
lands.’

Anderson
et al 2019

Policy Forum,
Science

‘Although analyses of NCS have some differences in the GHG
fluxes they consider, all include emissions sources (such as defor-
estation, land-use change, and agricultural practices), emissions
sinks (such as reforestation and restoring degraded lands), and
non-carbon dioxide (CO2) agricultural emissions (such as meth-
ane from livestock).’

Fargione
et al 2018

Article, Science
Advances

‘Natural climate solutions (NCS), a portfolio of discrete land
stewardship options, are the most mature approaches available
for carbon conservation and uptake compared to nascent car-
bon capture technologies and could complement increases in
zero-carbon energy production and energy efficiency to achieve
needed climate change mitigation […] We consider 21 distinct
NCS to provide a consistent and comprehensive exploration
of the mitigation potential of conservation, restoration, and
improved management in forests, grasslands, agricultural lands,
and wetlands.’

Griscom et al
2019

Letter to the
editor, Global
Change Biology

‘Land-based options include natural climate solutions (NCS)
which use ecosystems for removal and storage, and off-site stor-
age using options like bioenergy with carbon capture and storage
(BECCS).’

Hohlwegler
2019

Article,
Advances in
Geosciences

‘Mitigation efforts in line with efficient land management
actions concerning, e.g. peats and soils, designated as ‘natural
climate solutions’ […]’

Griscom et al
2020

Article,
Philosophical
Transactions
Royal Society B

‘NCS can also be referred to as Nature-based Solutions (NbS),
although this is a broader term which also refers to climate
adaptation, food security, water security, human health, and
social and economic development.’

Baldocchi
2020

Article, Global
Change Biology

‘We are at the verge of capturing ecosystem scale trends in the
breathing of a changing biosphere. Consequently, flux meas-
urements need to continue to report on future conditions and
responses and assess the efficacy of natural climate solutions.’
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et al 2016). A second definition of NbS from the
European Commission describes them as ‘solutions
inspired and supported by nature, designed to address
societal challenges which are cost-effective, simultan-
eously provide environmental, social and economic
benefits, and help build resilience’ (Raymond et al
2017, European Commission 2021). NbS also include
other ‘nature-based’ approaches such as ecosystem-
based adaptation (EbA) and mitigation, green infra-
structure, and eco-disaster risk reduction (Seddon
et al 2020). These are just a few examples. Definitions
of NbS are often adjusted depending on the context,
initially raising concerns around the vagueness of the
term NbS (Bennett et al 2009, Ring et al 2010, Nature
2017, Nesshöver et al 2017).

The concerns around the term NbS are valid and
similarly applicable toNCS. Natural climate solutions
is a relatively new term in environmental research
and is quickly being adopted in the policy world
(table 1). It was first defined in a 2017 study, refer-
ring to the ‘conservation, restoration, and improved
land management actions that increase carbon stor-
age and/or avoid greenhouse gas emissions across
global forests, wetlands, grasslands, and agricultural
lands’ (Griscom et al 2017). According to a fol-
low up study, a key difference between NCS and
NbS is that NCS focuses on climate mitigation while
NbS also includes adaptation and non-climate object-
ives (Griscom et al 2020). In that regard, NCS can
be understood as largely overlapping with the term
‘land-based mitigation’, as referred to in the IPCC
(IPCC 2019)7. It is important to clarify these dis-
tinctions, as without clear definitions, parameters,
and methodologies, NCS risks losing clout (Davis
2008, Brandt et al 2013, Hanson et al 2020, Lamb
and Schmidt 2021). Furthermore, having a well-
established NCS concept is essential to driving and
evaluating the implementation of NCS activities.

To date, the academic research that uses the term
NCS is limited but rapidly growing, increasing nearly
eight-fold between November 2019 and September
2021 (see section 3.1). The general consensus from
experts in the academic literature maintains the dis-
tinction that NCS focus on climate change mitigation
activities (Hohlwegler 2019, Griscom et al 2020). As
such, we adopt this definition of NCS for our study.
However, we also recognize the important relation-
ship between NCS and NbS in understanding biod-
iversity, livelihood, and adaptation impacts. These are
captured as co-benefits in our study.

7 Afforestation, a land-based mitigation measure, is handled dif-
ferently in various studies on NCS and NbS. Griscom et al (2017)
exclude it from their estimates of NCS potential to avoid adverse
impacts to biodiversity but in Griscom et al (2020) they include it
in forest eco-regions. Seddon et al (2020) andChausson et al (2020)
mention it in their studies on NbS although afforestation does not
always seem to be recognized as an NbS by all parties to the debate.
We follow the more recent literature and include afforestation in
our study to capture the broadest set of possible NCS activities.

3. Methods

This study systematically maps the global evidence
base on NCS implementation, with a focus on the
enabling factors, in the scientific literature by review-
ing ex-post studies.Here, we describe our approach to
clarifying the definition ofNCS; identifying, selecting,
and reviewing the literature; and subsequently ana-
lyzing the data.

3.1. Scoping of terms
To prepare for this systematic review, we first conduc-
ted a quick scoping exercise to understand how the
term ‘natural climate solutions’ appears in the aca-
demic literature. This was essential to developing a
common understanding of the terminology among
the author team and providing a clear framing for
the review. We searched for the term ‘natural climate
solutions’ on Scopus in November 2019 and found
just eight peer-reviewed documents, two of which
were led by the same author. Because much confu-
sion surrounds the terms NCS and NbS, we also con-
ducted a search for the term ‘nature-based solutions’,
scanning primarily for literature that contained defin-
itions of the term. The results include literature dating
back to the emergence of term and caveats around it as
well as more recent studies outlining current under-
standings of NbS. Finally, we also searched for defin-
itions of NCSs on Google and relevant initiative web-
sites wewere aware of to observe how the terminology
is used outside of the academic literature.

We conducted the same search of the term ‘nat-
ural climate solutions’ on Scopus in September 2021,
at the time of submission of this review paper, and
found 62 results8. The reason for this was to gain
insight on how the research landscape on the topic
had changed over the course of the review period.

3.2. Review criteria, search, and screening
Using 20 NCSs pathways derived from the IPCC
as a starting point (Griscom et al 2017), we iter-
atively developed a search query to identify the
body of literature for our review (see supplement-
ary information available online at stacks.iop.org/
ERL/17/013002/mmedia). These pathways build on
the land-based—or Agriculture, Forestry, and Other
Land Use (AFOLU)—climate solutions previously
assessed by the United Nations’ Intergovernmental
Panel for Climate Change (IPCC 2018). In addition,
they include activities in wetlands and other nat-
ural ecosystems not captured by AFOLU. Our search
query thus encompasses the literature on forests, agri-
cultural lands, grasslands (including savannahs), and
wetlands (including peatlands) that also include ref-
erence to key terms and synonyms related to climate
change mitigation and implementation. We limit our

8 27 new search results published in 2020 (one had already
appeared in our November 2019 search) and 27 in 2021.
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search to documents uploaded onto the Web of Sci-
ence and Scopus platforms by November 1, 2019 or
prior. As such, our search is limited to peer-reviewed
literature and excludes grey literature.

Our search query provided us with 2939 initial
results on Web of Science and Scopus. To limit the
scope of our study to subject-relevant papers and
evidence on activities that have already been imple-
mented, we developed a set of inclusion/exclusion cri-
teria to screen the abstracts of the initial search results
(see supplementary information). The main criteria
for inclusion were that studies focus on at least one
activity that qualifies as an NCS and that they contain
information on the implementation context, such as
barriers and enablers. Studies on adaptation and tech-
nical aspects of implementation were excluded, as
were systematic reviews and meta-analyses to avoid
double counting. Similarly, studies that were simula-
tions or models of possible activities and potentials
were mostly excluded, with a few exceptions when a
study still provided useful and relevant information
on the implementation context.

Furthermore, we focus on studies in the English
language that reference at least one enabling factor.
These factors are broadly categorized into social,
economic, political, institutional, financial, technical,
and biophysical factors, building off the enabling con-
ditions and barriers to AFOLU mitigation measures
presented in the 5th IPCC Assessment Report (IPCC
2014). After screening the titles and abstracts of our
initial 2939 search results using our inclusion/exclu-
sion criteria, we narrowed our results to 345 papers.
However, in the process of the full-text review, a fur-
ther 134 papers were excluded, resulting in a final
database of 211 studies (7% of the initial results)
that met our review criteria. This demonstrates the
thoroughness and selectivity of our search criteria to
ensure our database captured experience-based evid-
ence, rather than hypothetical or speculative. In addi-
tion, it indicates that while a large number of papers
provide information on NCS activities, a relatively
small number of papers provide detailed insights on
specific contextual enabling factors and conditions
around implementation.

3.3. Data extraction, coding, and analysis
Our review consisted of collecting two primary types
of information: data for mapping the overall evid-
ence base around NCS implementation and data for
the analysis of the enabling factors related to imple-
mentation. To capture the descriptive data for the
mapping, we extracted the metadata on each docu-
ment (i.e. author, title, key words, journal year) as
well as the study methods, geographical location(s),
NCS activities and land types, any relevant programs
(e.g. REDD+ or Clean Development Mechanism),
and implementing institution(s), as applicable. For
the data on the enabling factors, we developed a

codebook detailing possible factors that was grouped
into the same categories we considered in our liter-
ature screening (institutional, social, environmental,
economic, technological, and financial), as well as
possible co-benefits (see supplementary informa-
tion). The database also allowed for the coder to
provide comments on specific factors for each docu-
ment, or general comments, to ensure that qualitative
information or examples could be recorded as neces-
sary. Note that we clustered together factors into sim-
plified groups for the analysis. When we clustered, we
just marked if any of the factors were mentioned to
avoid double counting, however, we retained the ori-
ginal data for sub-sample analysis.

To test our codebook and approach, three coders
initially coded sub-samples. The results of the test
were discussed among the coders to ensure a common
understanding of the codebook. Next, the codebook
was applied to all the documents and data was extrac-
ted from the remaining documents by two coders. For
documents where a coder was uncertain, they made a
note and the results were discussed as a team.

We cleaned and analyzed the coded data using
R. We conducted analysis on the dataset as a whole,
mapping out the overarching trends, geographical
insights, and information on specific NCS activ-
ities. We then evaluated the enabling factors and
co-benefits mentioned in the literature, providing
examples for context where possible. We also cat-
egorized the NCS activities into protection, restora-
tion, and management activities for some analyses,
expanding on groupings from Griscom et al (2020)
(figure 1).

4. Results and synthesis

Here we present the main findings and analysis of
the reviewed literature. We synthesize these into two
sections—an assessment of the overall literature on
NCS activities and results on enabling factors for
implementation. In the former, we outline historic
trends, geographical coverage, and representation of
different NCS activities in the literature. In the latter,
we highlight important enabling factors and potential
variations between geographies. We focus on provid-
ing information we have elicited from the dataset and
key observations. These are expanded with further
insights in the discussion (see section 5.1).

4.1. Current state of the implementation literature
Themajority (83%, n= 176) of the 211 studies in our
final database were published after 2010 (figure 1).
Eight studies were published in 2010 and since then
the number has steadily increased each year. The
historical development of REDD+ may somewhat
explain this trend. REDD+ was formalized in 2007
and a number of new funding opportunities emerged

5



Environ. Res. Lett. 17 (2022) 013002 I Schulte et al

Figure 1. (A) Growth in number of articles on natural climate solutions (NCS) published per year through November 2019,
including number of mentions of activities falling into different categories of NCS (protection, restoration, or management) each
year (N = 211). Some articles mention multiple categories of NCS (see supplementary information for analysis of articles
mentioning just one category). (B) NCS activities broken down by category of NCS and land type (see supplementary
information for icon image credits).

in 20099. 43% (n= 91) of all the studies we reviewed
were associated with REDD+, all but one of which
were published in post-2010.

We observed small spikes in the number of stud-
ies published in 2011 and 2017. The former can again
likely be due to the evolution of REDD+. A possible
reason for the higher number in 2017 may be that

9 REDD+was formalized in Bali at the UnitedNations Framework
Convention on Climate Change Conference of the Parties (COP)
in 2007 (Norman and Nakhooda 2015). In subsequent years, a
framework was negotiated in Copenhagen (COP15) and agreed
on in Cancun (COP16). In addition, around this time large fund-
ing opportunities for REDD+ emerged. The World Bank’s Forest
Carbon Partnership Facility was established in 2007 and the Forest
Investment Programme in 2009. Both provide channels of finan-
cial support for REDD+ planning and implementation. Further-
more, at the end of the Copenhagen negotiations six donor coun-
tries pledged USD 3.5 billion in fast-tracked funding to advance
REDD+, signaling the optimism and momentum of the moment.

the literature cut-off date for the IPCC Special Report
on Climate Change and Land (SRCCL) was at the
end of that year. Furthermore, until 2013 the number
of articles published covering protection and man-
agement activities followed similar trajectories, likely
because these activities were being discussed in art-
icles on REDD+.

Our results also indicate a slow upward trend in
the literature on restoration activities. This topic has
recently begun to receive more attention in research
and policy with the United Nations’ Decade of Res-
toration that began after our literature cut-off date,
sowe anticipate this will continue. Literature onman-
agement activities experienced a lull and now is also
increasing. This may also be linked to the interest in
restoration. We categorize activities such as planting
trees in croplands (including agroforestry) manage-
ment practices, but by some definitions they may fall
under restoration.

6
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Figure 2. Geographical distribution of literature on natural climate solutions (NCS). Number of papers by country is depictured
in blue (N = 240 observations in 211 studies). Black dots estimate specific study locations where sub-national information was
available on the regional-level or lower (n= 141). Multiple locations were given and plotted for some observations.

4.1.1. Geographical coverage
The content of the reviewed studies overwhelmingly
focused on tropical regions, specifically Latin Amer-
ica and the Caribbean (LATAM) (25%, n = 53),
sub-Saharan Africa (SSA) (20%, n = 43), South-
east Asia (SEA) (14%, n = 30), and South Asia (SA)
(12%, n = 25) (figure 2). Sixteen studies looked at
North America (NA), 12 studies conducted research
on East Asia (EA), five on Oceania (OC), and two on
the Middle East and North African (MENA) region.
Nineteen studies (9%) covered multiple regions. This
distribution of geographies in the literature generally
aligns with the NCS mitigation opportunities. 61%
of the global NCS potential is in tropical countries
(Griscom et al 2020), while there are few feasible NCS
opportunities in theMENA region, which is primarily
a desert landscape.

Countries with the most coverage in the stud-
ies in our database were Indonesia (n = 27), Brazil
(n = 21), Nepal (n = 20), Mexico (n = 17), Tan-
zania (n = 16), USA (n = 16), China (n = 14),
India (n = 14), Cameroon (n = 10), and Vietnam
(n = 10), captured in ten or more articles each10.
According toGriscom et al (2020), the top ten tropical
countrieswith the highest technicalmitigation poten-
tial are Indonesia, Brazil, the Democratic Republic of
Congo (DRC), India, Malaysia, Mexico, Colombia,
Sudan, Bolivia, and Myanmar. Half of these coun-
tries (DRC, Malaysia, Colombia, Sudan, and Myan-
mar) are strongly underrepresented in our database
relative to their potential with two or less studies on
each.

10 Some studies in our review provided information on mul-
tiple countries. Where information for individual countries could
be extracted, these were recorded as independent observations.
Thus the total number of country observations in our database
(N = 240) is slightly higher than the total number of studies
(N = 211).

Our database contained a low count of literat-
ure on West Africa. We found nine observations on
the sub-region in eight studies (14% of the Africa-
focused literature) and covering just four countries,
compared to 39 (70%), 11 (20%), and 6 (11%) stud-
ies mentioning East, Central, and Southern African
countries, respectively. One possibility for this is that
the NbS-relevant research in West Africa is primarily
adaptation-focused (Chausson et al 2020).

We also found few studies (3%, n = 6) on NCS
with a Europe (EU) focus. Four of these focused on
a particular country. The other two studies evalu-
ated the implementation of specific European Union-
level policies. This does not necessarilymean thatNbS
activities are not taking place in the region, but those
that are being pursued in the region may fall out-
side the scope of our study, as we limit our analysis
to land-based mitigation measures. This is suppor-
ted by research by Hanson et al (2020), which indic-
ates that NbS in Europe may be taking the form of
other activities such as green infrastructure develop-
ment and ecosystem-based adaptation.

4.1.2. NCS activities
Our review assessed studies that implemented NCS

activities on four types of landscapes: forests, agri-
cultural lands, grasslands (including savannahs), and
wetlands (including peatlands) (figure 3). Of 240
observations in 211 studies, activities in forests were a
focus of the majority (85%, n= 204 observations). A
fifth (20%, n= 48) of observations provided inform-
ation on activities in agricultural lands. Few obser-
vations in the database are concerned with grassland
(3%, n = 8) and wetland (10%, n = 30) activities,
despite substantial theoretical mitigation potential
(Griscom et al 2020). 18% (n = 42) of observa-
tions, including some of the aforementioned, dis-
cussed activities related to more than one land type.

7
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Figure 3. Number of mentions of natural climate solutions (NCS) activities in the literature by country and land type (N = 240
observations in 211 studies).

Figure 4. Number of mentions of natural climate solutions (NCS) activities in the literature by region and NCS category
(N = 240 observations in 211 studies).

Regions that had the most observations on land
types besides forests were LATAM and SSA with agri-
cultural lands (n = 16 and n = 13, respectively) and
grasslands (n = 3 and n = 2, respectively). Observa-
tions with wetlands were observed most frequently in
SEA and SA (n= 9 and n= 6, respectively).

The majority of observations (63%, n = 150)
mentioned NCS activities in the management cat-
egory. This was followed by restoration (n= 135) and
protection (n= 117). As mentioned previously, how-
ever, many articles touched on NCS activities across
multiple categories. Just 6% (n= 15) of observations
focused solely onprotection activities, 7% (n= 16) on
restoration, and 12% (n= 28) on management activ-
ities alone.

We provide more detailed results on specific NCS
activities and geographic distribution—organized

by land type—in the remainder of the section
(figure 4).

4.1.2.1. Forest
Avoided forest conversion and improved forest man-
agement activities, which include natural, plantation,
and community forest management practices were
identified in nearly half of all observations (46%,
n= 110 and 51%, n= 122, respectively) and received
morementions than any other activity in the reviewed
literature. These were closely followed by forest res-
toration activities—broken down into reforestation,
natural regeneration, and afforestation, which we
identified separately (in 38%, 18%, and 19%of obser-
vations, respectively). Avoided wood fuel was iden-
tified in 6% (n = 14) observations and fire man-
agement in 5% (n = 13), though there is some
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overlap in that activity with grasslands. Forest activ-
ities were often mentioned together, in particular in
the REDD+ literature. 61% of forest activity obser-
vations (n= 125) were identified with more than one
activity. A REDD+ project or programwas associated
with 37%of the observationsmentioning forest activ-
ities in our database (n= 75 of 204). This again points
to the strong influence of the REDD+ framework in
both the design of activities and research.

The literature encompassing forest activities was
distributed across global regions. Outside the tropics,
the most mentions of forest activities were in obser-
vations on the United States (n = 12) and China
(n = 10). Literature on forest activities in the United
States focused on both public policies (Cheng et al
2016) and incentivizing private landowners (Kim and
Langpap 2015, Tian et al 2015), while the literature
on China skewed towards large-scale government-led
afforestation projects under national initiatives such
as the Grain to Green Program (i.e. Return Farmland
to Forest Program) andNational Forest Conservation
Program (Liu et al 2008, Zinda et al 2017, Gong and
Zeng 2019).

4.1.2.2. Agricultural land
The addition of trees to cropland (i.e. agroforestry,
silvopasture) was identified in 23% (n = 54) of the
observations in our dataset11. Conservation agricul-
ture was identified in 8% (n = 20) and optimized
grazing practices in 6% (n = 14). Nutrient manage-
ment was identified in six observations and improved
rice production in just one. Strikingly, none (0%,
n = 0) of the reviewed studies mention biochar. This
may be related to the fact thatmost of the literature on
biochar focuses on technical aspects of implement-
ation, such as the application and effects, and thus
would have been excluded in our literature screening.

Observations of NCS activities related to agricul-
ture were concentrated on the LATAM (n = 29) and
SSA (n = 16) regions, in particular Brazil (n = 7),
Costa Rica (n = 5), Mexico (n = 5), and Indone-
sia (n = 5). These regions are the largest producers
of some of the ‘big four’ commodities (beef, soy-
beans, palm oil, and wood products) driving eco-
system conversion (Henders et al 2015). Agricultural
activities were also mentioned in five observations on
the United States and four on Tanzania.

4.1.2.3. Grassland
We considered two activities, fire management and
avoided grassland conversion, as possible NCS activ-
ities related to grasslands, which we understood to
include savannahs. The results on fire management

11 We coded agricultural lands as the land type for fewer observa-
tions (n= 48) than there are observations on agricultural landNCS
activities (n = 72) because for some of the observations on agro-
forestry the land type was coded as forest. This does not affect the
analysis as it is based on all observations in the dataset (n= 240).

were already reported in the forest section, however,
as the activity cuts across both land types and the
studies we reviewed only mentioned on wildfires as
a source of forest degradation. None of the studies
in our dataset looked at fire management in the con-
text of grasslands. Avoided grassland conversion was
identified in less than 1% of observations (n = 2).
Neither study mentioning avoided grassland conver-
sion provides in-depth information on implement-
ation. One study is an article from a decade ago on
the role of the United States agriculture sector in cli-
mate change (Johnson 2010). The article touches on
the value of grasslands as one ecosystem that can hold
carbon in the soil and aboveground biomass when
undisturbed. The other is on REDD+ in Ghana, and
describes the expansion of the program to a savannah
area (Asiyanbi et al 2017).

Other literature mentioning grasslands and
savannahs such as the Chaco and Cerrado in Latin
America focus on forest and agriculture-related NCS
activities (Alves-Pinto et al 2015, Nolte et al 2017,
Milmanda Fernández and Garay 2019). This may be
because these areas are active agriculture frontiers in
the region located amid forests. Furthermore, savan-
nahs are often described as tropical dry forests. While
EA (i.e. China and Mongolia) is home to large grass-
lands as well, most of the literature on grasslands in
that area did not meet our review inclusion criteria
because they were scenarios ormodel projections and
did not contain relevant information on the imple-
mentation context.

4.1.2.4. Wetland
We identified NCS activities related to wetlands—
including coastal lands, peatlands, and rivers—in 8%
of our observations (n = 20). Half of these included
mentions of wetland restoration generally (n = 10).
Three of these observations were from the same study
on blue carbon that provided information on mul-
tiple countries (Wylie et al 2016). Eight observa-
tions were identified for peatlands (avoided impacts,
restoration, or both), five for river restoration (e.g.
riparian and catchment areas), and two for coasts
(avoided impacts, restoration, or both).

Four of the observations on river and wetland
restoration were on the United States. Other coun-
tries captured in the observations for those activ-
ities were Costa Rica, Ethiopia, India, Kenya, Viet-
nam, Madagascar, and Indonesia with one each. In
addition, half of the observations on peatland activ-
ities were on Indonesia (n = 4), one on the United
Kingdom, and one on Germany. The other two had
regional foci on the EU and NA. The studies on the
developed countries centered more on peat restora-
tion and management than the Indonesia literature,
which also acknowledge efforts to avoid conversion
of new peatland areas (Whitfield et al 2011, Hagen
et al 2013, Mulyani and Jepson 2017). Regarding the
coastal activities, one observation was in the same
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study on the EU that also mentioned peatland activ-
ities, while the other observation was on Sri Lanka.
The latter is one of the fewobservations onmangroves
(Tanaka 2009).

4.2. What are important enabling factors & where?
In our global dataset, social and political enabling
factors were mentioned most frequently on aggreg-
ate. These were closely followed by financial, institu-
tional, and technical factors (figures 5 and 6). Spe-
cifically, the engagement of indigenous peoples and
local communities (IPLC), performance-based fin-
ance, and technical assistance are important drivers
of NCS implementation. These factors are often over-
arching and interact with others, creating feedback
effects (Dawson et al 2018, Rosa Da Conceição et al
2018, Aganyira et al 2019). Details for each NCS cat-
egory and examples are provided in the subsequent
subsections to help illustrate our results.

Enabling factors appearing within each NCS cat-
egory parallel the general trends in our dataset
(figure 6). The management literature had the most
mentions for many factors and the protection liter-
ature the least, likely reflecting the difference in the
number of observations between the two. Interest-
ingly, free, prior, and informed consent (FPIC), stake-
holder consultation, acceptance from leadership, and
realistic requirements were factors that came upmore
often in the protection literature than other categor-
ies. This may possibly be because of the politicized
nature of REDD+ or the tensions of setting legal des-
tinations for conservation. For instance,many protec-
ted areas overlap with land traditionally used by local
peoples for livelihoods. NCS in these areas has not led
to positive outcomes, in particular when IPLCs do not
have secure rights or access to grievance mechanisms
(Tauli-Corpuz et al 2020).

Factors such as delivery of benefits, labor avail-
ability, technical assistance, and performance-based
finance were mentioned more in the restoration
and management literature, even compared to other
factors within those categories. Local acceptance and
IPLC engagement were mentioned often in the man-
agement literature in particular. This may highlight
on the one hand, the implementation costs and capa-
cities needed to transition to sustainable land use
practices but also the tradeoffs that may make the
willingness to participate in NCS activities from local
actors challenging. Secure funding was mentioned
most frequently in the restoration literature, which
makes sense given that restoration activities may take
more time to get off the ground and produce tangible
results.

4.2.1. Social
Of all the enabling factors identified in the liter-
ature, IPLC engagement was by far the factor that
appeared in the most observations, present in 60%
(n = 144). Nearly half (48%, n = 69 of 144) of these

observations that mentioned IPLC engagement as an
important factor included REDD+ projects or pro-
grams as a focus. Social safeguards, including the full
and effective participation of IPLCs, are a require-
ment for REDD+ eligibility. A sub-sample analysis of
this factor shows mentions of ‘participation of IPLCs’
(n= 115), ‘local awareness’ (n= 59), and ‘education’
(n= 50). In some observations, two or three of these
were mentioned together. However, it is important
to recognize the differences in each of these terms of
engagement and how they relate to each other (see
section 5.1).

Local acceptance, where a consistent quality of life
is ensured, community needs and benefits are aligned,
and there is support for NCS activities, was another
social factor we coded for. It wasmentioned in 33%of
observations (n = 78). FPIC, another concept along
the line of participation but more complex, appeared
in 12% of observations (n= 29). It sets out principles
for engaging indigenous peoples that have been adop-
ted by many international organizations, including
theUnitedNations during recent climate negotiations
(Wallbott and Florian-Rivero 2018). The element of
consent is fundamental, as this is what sets FPIC
apart from other consultation processes. It also goes
beyond general stakeholder consultation, which we
understood to also include outreach to different actor
groups such as government, academia, and civil soci-
ety (n= 52). Nevertheless, these processes and inclu-
sion criteria are meaningless if they do not account
for local ways of life (Dawson et al 2018, Duker et al
2018). This recognition of traditional values and local
normswas discussed in 13%of observations (n= 32).

4.2.2. Economic
The most mentioned economic factor in our review
was the delivery of benefits (n= 70). In observations
on Ethiopia and Indonesia, for example, research-
ers noted that project implementation was hampered
due to a mismatch or insufficient benefits (Duker
et al 2018). In the latter, while people earned wages
from tree planting and received training to support
forest conservation, these did not compensate for
losses on banned agricultural activities or meet farm-
ers’ livelihoods needs. In Vietnam, on the other hand,
increased mangrove cover positively impacted farm-
ers’ shrimp production and income, making parti-
cipating in restoration activities an attractive option
(Wylie et al 2016).

Labor availability, accessibility, and market com-
petitiveness were also mentioned in a handful of
observations (n = 15, n = 14, n = 13, respectively).
Some observations described limitations to imple-
mentation due to lack of qualified labor, in particular
within project or program offices or responsible gov-
ernment ministries (Aganyira et al 2019, Wurtzebach
et al 2019). Hein et al (2018) highlight these short-
ages as a disconnect between priorities and resource
allocation at district and national levels. In addition,
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Figure 5. (A) Treemap illustrating the distribution of enabling factors for natural climate solutions (NCS) extracted from the
literature (N = 1396 mentions in 240 observations). (B) Enabling factors by mentions in percent of the literature (N = 240
observations in 211 studies) (see supplementary information for icon image credits).

difficulty accessing an activity site and weak demand
for sustainable products posed barriers (Bastos Lima
et al 2017, Huang et al 2019, Muttaqin et al 2019).

4.2.3. Political
Collaboration and coordination were mentioned as
enabling factors for NCS implementation in 43% of
observations (n = 102). We understood this factor
to include measures such as policy coordination
between sectors or within a sector and alignment
between standards and laws or laws at different levels,
among others. This was followed by acceptance from
leadership, i.e. political will, in a third of observa-
tions (31%, n = 75), and integrity, accountability,
and transparency (n = 32, n = 20, n = 16, respect-
ively). We included measures like lack of corruption
and proper management under integrity, while hav-
ing clearly designated responsibilities and authorit-
ies as well as access to justice were included under
accountability.

4.2.4. Institutional
Strong frameworks to support NCS implementation
were discussed as an enabling factor in 28% (n= 68)
of observations. Regulatory support, specifically,

came up in 8% (n = 19). Equally as important as
these frameworks was clarity on land and custom-
ary rights (27%, n = 64). Carbon rights were expli-
citly mentioned in just 2% of observations (n = 5).
We included various forms of security, recognition,
and property types under the land and customary
rights factor, such as both traditionally and legally-
held ownership. These were, however, not always
aligned with each other (Dawson et al 2018). Avail-
ability and access to conflict resolution mechanisms
for tenure can help ease these tensions (Holmes et al
2017). Access to justice and grievance mechanisms
are essential for ensuring equity and representation
of IPLC perspectives in NCS activities.

Realistic program or project requirements were
alsomentioned as an enabling factor in 18% of obser-
vations (n = 44) and enforcement in 13% (n = 32).
Overly complex regulations, for example, tended to
increase costs and be technically infeasible (Chia
et al 2019). Inadequate enforcement was cited as one
reason for slow progress in some programs and pro-
jects. The ability to properly enforce policies and laws
was often contingent on labor availability and tech-
nical capacity (Schroth et al 2016, Ngendakumana
et al 2017, Aganyira et al 2019,Wurtzebach et al 2019).
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Figure 6.Mentions of enabling factors for natural climate solutions (NCS), including total number of mentions across all articles
(in grey) and number of times mentioned in the literature on each category of NCS (protection, restoration, or management)
(N = 240 observations in 211 studies). Some articles mention multiple categories of NCS, thus there may be overlap in the
mentions noted for the literature by NCS category.

4.2.5. Financial
Over half of our observations (53%, n = 126) men-
tion the role performance-based finance, or finance
paid for demonstrated results, in many NCS pro-
grams or projects. This can take the form of pay-
ments for ecosystem services (PES) (n = 65), where
‘providers’ of clean air, water, and other healthy eco-
system services are compensated for their actions;
benefits-sharing mechanisms (n = 24), which aim to
ensure that benefits received are equitably distributed
to participating groups of people or communities; or
results-based finance (n = 23), in which program or
project participants are paid for emissions reductions.
The caveat was often that the incentives need to be
appropriate to the local context (n = 68) and pay-
ments have to be enough to maintain a consistent
quality of life for IPLCs changing their practices and
engaging in new NCS activities (Duker et al 2018).

There are also concerns about the lack of secure
funding surrounding NCS activities. Ensuring a
source of secure, long-term finance was mentioned
as an important factor for successful, lasting, imple-
mentation in 21% of observations (n = 51). Access
to other financial services, such as local crediting

schemes, received less attention in our dataset (n= 7).
Subsidies forNCS activities inmany countries remain
less than those to drivers of land use change (Regina
et al 2016, Bastos Lima et al 2017). Tensions may also
arise from external finance being uncertain, tempor-
ary, or acting as a competing investment. Some pay-
ment schemes also only support community projects
rather than individuals, which was not well-received
by communitymembers in an example fromEthiopia
(Duker et al 2018).

4.2.6. Technical
Technical assistance was mentioned as an enabling
factor in nearly half of the observations in our data-
set (46%, n= 111). Of these, 67% specifically include
training, 31% information provision, 15% availab-
ility of seeds and seedlings, 12% adequate capacit-
ies, and 7% technology accessibility (n = 74 of 111,
n = 35, n = 17, n = 13, n = 8, respectively). Studies
either described a lack of this assistance as a challenge,
or found that farmers receiving technical support
were more likely to move forward with implement-
ation (Korhonen-Kurki et al 2016, Wang et al 2019).
In China, this also provided a better understanding
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Figure 7. Number of mentions of co-benefits in the literature (N = 240 observations in 211 studies). Co-benefits were discussed
in the literature as potential outcomes of natural climate solutions (NCS) activities, as opposed to pre-conditions for
implementation, which were coded as enabling factors.

of the structure and composition of natural forest,
which enabled better project design (Jiang et al 2018).
Training local people also filled labor needs.

Monitoring, reporting, and verification (MRV)
was discussed in 20% of observations (n= 49). Good
MRV was contingent on available resources, such
as technological or labor capacities. Community-
based monitoring approaches also were used to
build participation and ownership for projects among
IPLCs (Newton et al 2015, Rosa Da Conceição
et al 2018). Land-use planning—mapping, identific-
ation of land-use drivers, and assessment of ecolo-
gical conditions—came up almost as often as MRV
(n= 39). Planning prior to project or program activ-
ities can aid implementation, in particular in the
long-term (Blomley et al 2017, Mulyani and Jepson
2017). Ensuring compatible practices or adoption of
integrated approaches were a consideration in 7%
of observations (n = 16). Only two observations
included research as a potential enabling factor.

With technical factors, there were also distribu-
tional imbalances reported. An analysis of particip-
atory forest management in Tanzania found that
training and information provision is given only to a
certain number of people, who do not always pass this
knowledge onto the community because they per-
ceive there is no benefit to them or they can not afford
to (Mustalahti and Tassa 2012). A study on payments
for environmental services in Costa Rica also notes a
lack of an effective monitoring system and that the
design did not include small properties and some of
the poorest households (Wallbott et al 2019).

4.2.7. Biophysical
Few biophysical factors were discussed as enabling
factors in the literature reviewed. This is likely due
to our exclusion criteria, which removed any studies
that focused onmore technical and ecological aspects
of how to do implementation. In our dataset, which

really emphasized the enabling context for NCS activ-
ities, land conditions appeared the most, in 8% of
observations (n = 20). For example, where and what
NCS activity was implemented could depend on the
size of a project area or nature reserve, the surround-
ing land use, or the forest or land yield (Nolte et al
2017, Shrestha et al 2017). Climatic conditions (i.e.
rainfall, adequate soil) were a factor in seven obser-
vations, species diversity in six, and the potential for
increasing carbon stocks in four.

4.2.8. Co-benefits
The multiple potential outcomes of NCS activities
are reflected in the co-benefits mentioned in the lit-
erature (figure 7). Supporting local livelihoods was
an important co-benefit and additional motivation
for adopting NCS in 31% of observations (n = 75).
The value to biodiversity conservationwas recognized
in 22% (n = 52) and carbon sequestration in 20%
(n= 47), the latter while also being a primary object-
ive of NCS. Other co-benefits, such as community
capacity building (n = 21) and community rights
(n= 9), did not often explicitly appear as such in the
literature. They are also more strongly represented in
the dataset as enabling factors, or pre-conditions for
implementation rather than outcomes.

4.2.9. By geography
The overall distribution of enabling factors syn-
thesized by region is similar to the global results.
To add nuance, we looked at the distribution of
enabling factors by category in the ten countries with
the highest number of observations in our dataset
(figure 8). Social factors weremost prominentlymen-
tioned in India, Nepal, China, Indonesia, Vietnam
and Tanzania. In China, political factors comprised
an equal share of mentions. The categories of factors
mentioned in the United States were relatively evenly
distributed, with biophysical and economic factors

13



Environ. Res. Lett. 17 (2022) 013002 I Schulte et al

Fi
gu
re
8.
Sh
ar
es
of
ty
p
es
of
en
ab
lin

g
fa
ct
or
s
fo
r
n
at
u
ra
lc
lim

at
e
so
lu
ti
on

s
(N

C
S)

an
d
to
p
th
re
e
en
ab
lin

g
fa
ct
or
s
m
en
ti
on

ed
in
th
e
lit
er
at
u
re
on

th
e
te
n
co
u
n
tr
ie
s
w
it
h
h
ig
h
es
t
n
u
m
be
r
of
ob
se
rv
at
io
n
s.
M
or
e
th
an

th
re
e
en
ab
lin

g
fa
ct
or
s
ar
e
lis
te
d
fo
r
co
u
n
tr
ie
s
w
h
er
e
m
u
lt
ip
le
fa
ct
or
s
ar
e
ti
ed

fo
r
a
po

si
ti
on

.T
h
e
po

si
ti
on

is
in
di
ca
te
d
by

th
e
n
u
m
be
ri
n
g.

14



Environ. Res. Lett. 17 (2022) 013002 I Schulte et al

beingmentioned the least. These categories, however,
also had less factors than the others. InMexico, Brazil,
and Cameroon, institutional factors comprised the
largest share of mentions. At the same time, the num-
ber one enabling factor mentioned in almost all ten
countries was either performance-based finance or
IPLC engagement. The exceptions were China and
Cameroon, where local acceptance was mentioned
the most, closely followed by performance-based fin-
ance; andMexico, where technical assistance was first
followed by IPLC engagement. Other factors that
received within the three highest mentions in these
ten countries included collaboration and coordina-
tion, delivery of benefits, secure funding, and political
integrity12.

5. Discussion

This section consists of four subsections: a short sum-
mary of our results and additional insights on the
findings; building on our results; a discussion on
how different enabling factors may fit together, or be
‘bundled’; a critical reflection on the current state of
evidence and knowledge production for implement-
ation of NCS; and concluding thoughts.

5.1. Summary and insights
This review provides an overview of the evidence base
surrounding the implementation of NCS activities.
We find the coverage of the studies skews towards
tropical regions and activities in forest landscapes.
Nevertheless, much can be learned about the enabling
factors for implementation of NCS from the avail-
able data. These factors are often interlinked across
categories (e.g. social, political, etc) with engagement
of IPLC, performance-based finance, and technical
assistance being most frequently mentioned in the
literature.

We also observe that there remain challenges to
ensuring enabling factors in practice. Projects some-
times take years to get off the ground or provide
tangible benefits due to insecure finance or poor
governance, leaving some communities feeling aban-
doned or skeptical of future promises (Enrici and
Hubacek 2019). Public perception is also a critical
part of the implementation context (Wang et al 2019).
Lack of trust and confidence in project developers
can amplify conflicts (Duker et al 2018). In a case in
India, local leaders were elected by the community
and committees democratically decidedwhat sustain-
able livelihood activities to support (Chowdhury et al
2016). This type of approach is particularly relevant
to community forest management and participatory
forest management activities where better integration

12 We also conducted exploratory analyses on the differences
between factors in different regions using correlation plots (see
supplementary information).

of IPLCs is needed (Cronkleton et al 2011, Mustalahti
and Tassa 2012).

The findings of the reviewed literature also sug-
gest that participation can not be effective without
awareness. Awareness can come about through edu-
cation, dialogue, or an existing connection to the
land. The latter was the case with farmers living in
earthquake stricken areas of China, where their exper-
iences made them more aware of the importance of
ecological protection (Gong and Zeng 2019). Fur-
thermore, awareness can strengthen the longevity of
NCS activities by promoting buy-in among IPLCs.
Evidence on the United States, for example, indic-
ates that forest owners who were aware of climate
change were more willing to participate in NCS activ-
ities (Charnley et al 2010, Tian et al 2015). Addition-
ally, research from Costa Rica and Cambodia found
wealthier households and farmers were more will-
ing to participate in NCS activities, raising questions
about equity (Cole 2010, Pasgaard 2015). This is sup-
ported by a study on the Asia-Pacific region that notes
that REDD+ participation is limited and exclusion of
the poor and insecure tenure rights remain a problem
(Barr and Sayer 2012).

Many studies in the reviewed literature also dis-
cussed the role of regulatory support for imple-
mentation and how it could be streamlined. For
example, REDD+ frameworks or any new insti-
tutional arrangements need to either be consist-
ent with existing laws or embedded into them
(Korhonen-Kurki et al 2016). If there are too many
institutions, this also risks regulations and tenure
overlapping, conflicting government priorities, and
confusion over laws (Enrici and Hubacek 2019).

Political factors often appeared together in the lit-
erature, together with institutional factors. Poor lead-
ership often resulted in poor coordination between
vertically and horizontally, unclear authority, weak
enforcement, lack of policy consistency, and overlap-
ping ormisaligned regulations (Korhonen-Kurki et al
2016, Rosa Da Conceição et al 2018, Chia et al 2019).
Implementation was also limited with NCS activit-
ies where not a priority for those in power, where
decisions were made with short-term objectives in
mind, or those in power did not have the technical
expertise needed to participate fully in the REDD+
process, but continued to do so for political reas-
ons. This is also seen with international actors who
often control national processes due either financial
or political influence (Dawson et al 2018).

In addition, interventions such as PESs can also
be difficult to implement if other enabling factors,
such as clear land tenure, are not in place (Cortner
et al 2019). Results-based payments and benefit-
sharing, for example in connection to REDD+, have
been touted for their potential to provide long-term
funding through access to markets for carbon cred-
its. These programs often depend on donor finance
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Figure 9. Illustrative implementation pathways for natural climate solutions (NCS). Darker colors indicate categories of enabling
factors that may play a larger role in implementation for each pathway. These pathways are meant to serve as examples to show
that there are different combinations of factors that may influence implementation, and these are highly context dependent.
Implementation trajectories are not limited to these pathways and they are not mutually exclusive.

(n= 34) to be set up, however. Governments are also
major driving forces behind REDD+ and other PES
programs, but effectiveness can be low due to political
obstacles (Rosa Da Conceição et al 2018).

5.2. Bundling enabling factors
Our review results highlight that the successful imple-
mentation of NCS rely, not on one factor, but a suite
of enabling factors. Individual factors may also open
doors to capitalize on other enabling factors along
implementation pathways. For example, recognition
of traditional values may lead to greater acceptance
of NCS activities by local communities. Based on the
evidence in our review synthesis, we present three
illustrative pathways by considering enabling factors
that may interact with each other in different contexts
(figure 9). We outline our proposed pathways below
and describe characteristics of each. While imple-
mentation trajectories are not limited to these path-
ways and they are not mutually exclusive, we see these
as a useful heuristic for thinking holistically about the
conditionality and variability ofNCS implementation
and informing policy discussions.

5.2.1. State-dominated pathway
Countries or geographies falling into the state-
dominated pathway may include those where
governments hold strong influence and control, but
experience weak governance due to lack of leader-
ship, corruption, and conflicting priorities between
decision makers. Land use planning and considera-
tion of NCS is a top-down process. At the same time,
these countries have large local and vulnerable pop-
ulations that depend on natural ecosystems for their
livelihoods but face difficulties in having their needs
met. Certain activities, such as cattle ranching, may
also be socially and culturally embedded adding extra
complexity (Cortner et al 2019). Examples include
case studies from parts of Brazil, China, Vietnam,
and Uganda (Dawson et al 2018, Cortner et al 2019,
Wang et al 2019, Wurtzebach et al 2019).

In the state-dominated pathway, we argue that
social and political factors represent particularly
foundational stepping stones for implementing NCS
potential. This may be due to bottlenecks posed by

political insecurity and changing priorities, which can
lead to mistrust of the government among farm-
ers and local communities (Cortner et al 2019).
The politics of the moment may also drive institu-
tional and financial decisions that may have trickle
down effects on NCS implementation. For instance,
in Ecuador electoral interests led to prioritization of
non-environmental concerns and overall low con-
servation effectiveness in the national sustainable
forestmanagement program (RosaDaConceição et al
2018).

Various other challenges are also described in
the literature, such as pro-environment and IPLC
policies being anchored in laws, but often ignored
(Baez 2011). In Peru, officials disregarded a consulta-
tion process because they felt it was more import-
ant to get the program deployed quickly, leading to
adverse outcomes (Rosa Da Conceição et al 2018). As
such, coordination and collaboration between differ-
ent levels of government and stakeholders, as well as
integrity, accountability, transparency and enforce-
ment mechanisms are essential. These factors are also
necessary to close gaps and increase communication
between policy makers and local people (Wang et al
2019). At the same time, leveraging existing policies
and institutions are a first step in realizing them and
improving learning (Wurtzebach et al 2019).

5.2.2. Community-oriented pathway
The community-oriented pathway is characterized
by a strong political and social interest in par-
ticipatory land management approaches. Underly-
ing these approaches, however, are financial and
technical considerations that are often the limiting
factors for implementation. Also important are social
factors, in particular acceptance of NCS activities by
the local communities and people that are expec-
ted to partake. Examples of places employing com-
munity or social forestry and land management pro-
grams include cases from Indonesia, Nepal, Ethiopia,
Panama, and Tanzania, but also Brazil highlighting
overlaps between and the fluidity of our proposed
pathways (Cronkleton et al 2011, Newton et al 2015,
Holmes et al 2017, Duker et al 2018,Wood et al 2019).
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Duker et al (2018) describe how the lack of
engagement of smallholder farmers in the develop-
ment of climate forestry projects in Ethiopia and
Indonesia led to distrust, which was amplified by
insufficient and unreliable incentives for farmers to
participate in conservation. An additional study in
Ethiopia observed a community forest management
approach with overall positive impacts on the land,
carbon and biodiversity; however, this took place
over a longer period (Wood et al 2019). Collabora-
tion between communities and the government and
reaching a commonunderstanding, for example, took
ten years to establish. In other cases, discourses are
still shaped by a small group of powerful actors in
practice (Bushley 2014).

In this pathway, institutional factors remain rel-
evant and strongly interact with social and polit-
ical factors. Local support for an NCS activity, for
example, is often linked to clear land or forest rights
for communities (Wood et al 2019). In Tanzania
and Nepal, an important reason for success in their
community-based forestry programs was that they
had existing institutional structures and laws in place
which they could build on through REDD+ readi-
ness activities, so the frameworks and political will for
implementation were already present (Newton et al
2015).

5.2.3. Industrialized pathway
The industrialized pathway reflects a way forward
for developed countries or geographies that may
have the institutional structures already in place to
support NCS implementation, but still face chal-
lenges in meeting diverse stakeholder needs and
providing sufficient incentives for actors to shift
away from their potentially unsustainable business-
as-usual practices. Examples of such countries from
the literature include the United States, Germany, and
the United Kingdom (Schaich and Plieninger 2013,
Feliciano et al 2014, Schmitz and Kelly 2016).

In particular in the context of emerging carbon
markets, countries may struggle to balance diverging
land management approaches from vested-interest
actor groups aiming to maximize carbon sequestra-
tion versus conservation-minded stakeholders con-
cerned that ‘carbon farming’ may result in tradeoffs
for ecological integrity (Schmitz and Kelly 2016).
Similar to in the other pathways, performance-based
finance and technical assistance also are relevant to
sustainable land management. Land in these coun-
tries is often under a combination of public and
private ownership that demands diverse approaches
for shifting the behavior of land users (Schaich and
Plieninger 2013). In addition to market mechanisms,
incentives may take the form of direct public PESs
or tax subsidies and exemptions (Tian et al 2015).
Attitudes of private landowners towards these incent-
ives may vary based on their interests and experiences
with them.

5.3. Critical reflection & implications for the future
Our review results and illustrative pathways (see
section 5.2) highlight that there is not a one-size fits
all approach for implementing NCS. While the broad
categories of factors mentioned in the literature are
similar across regions, the combination of factors and
how and for whom they are taken up remains het-
erogeneous globally, and even within countries. This
points to the importance and need to reflect critic-
ally on current policy discourses and narratives. This
is relevant to the identification of research and know-
ledge gaps as well as deciding how to implement activ-
ities and measure if they are effective. Below, we dis-
cuss these gaps as well as considerations for future
knowledge production.

5.3.1. Research gaps
While our study focuses on NCS, taking climate mit-
igation as the primary objective, it is important that
NCS activities not be designed with only this object-
ive in mind. Based on the evidence in our review,
we observe that local livelihoods and biodiversity are
mentioned most frequently as co-benefits. In line
with Girardin et al (2021), recognizing these factors
not only as co-benefits, but co-objectives from the
outset, is central to the long term, ethical, and equit-
able implementation of NCS. More interdisciplinary
research is needed here to avoid silos, but these were
clearly lacking within our database. We were able to
capture projects that did not mention climate or car-
bon as the explicit focus, but where it could be under-
stood as an important co-objective (e.g. projects with
a community-based conservation frame), due to the
nature of our search query. However, few articles
reported on carbon and other greenhouse gas out-
comes together with social outcomes.

The bias in the literature towards forest land-
scapes also demonstrates the difficulty of provid-
ing a representative set of information on NCS to
policymakers. Generally, there was a lack of on the
ground research on different ecosystems. There were
a number of papers on grasslands in China and
Mongolia that we excluded because they projected
scenario outcomes of NCS activities but did not
provide evidence on implementation drivers. While
our review results between landscapes were similar
enough to indicate we can learn about the imple-
mentation context of NCS across ecosystems from
others, this lack of balanced evidence on different
types of NCS can have other implications. One risk
is that it unintentionally trickles down in project
and research funding decisions, influencing the dir-
ection of future workstreams. Lack of information
may also slow or hamper implementation all together.
The opposite can also occur, as demonstrated by
the development of REDD+, subsequent policy and
financing mechanisms, and the publications that
followed.
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There were also major research gaps on particu-
lar geographies. We found few publications on OC,
for example. Though a small region, it is a vulnerable
area and uptake ofNCS, includingwetland protection
and restoration, could improve resilience to future
climate events by providing both climate mitigation
and adaptation benefits. More research, however, is
needed on countries in the area to determine the
feasibility and approach for implementing such activ-
ities. Other areas may be underresearched because
they are challenging to access due to political ten-
sions, civil unrest, lack of established contacts, or dif-
ficult terrain. In practice, research locations are often
determined by the scope of funding schemes or net-
work entry points. We also acknowledge that a lim-
itation of our study is that it excluded publications
outside the English language. It is possible that we
would findmore information on regions such asWest
Africa and EA if we ran our search query in the French
or Chinese languages. More exploration of virtual
researchmethods could be useful for eliciting broader
input and negating some of these structural biases.
These limitations do not diminish our results, but are
important to highlight for the sake of transparency
and identifying future research opportunities.

In addition, our review did not include inform-
ation from project databases or grey literature. These
mayprovide further information onNCS implement-
ation, but may come with their own biases if only
certain information is included to meet reporting
requirements or selection of project areas is influ-
enced by donor interests. At the same, the IPCC
is also limited to peer-reviewed literature and cov-
erage of social sciences remains patchy. Social sci-
ence studies, in particular of qualitative nature, have
historically faced difficulties finding a home in the
IPCC process due to concerns about them being too
interpretive (Victor 2015, Minx et al 2017). This is
slowly changing, and systematicmethods and reviews
such as ours are one channel for ensuring rigorous
assessment of the available evidence. While synthes-
izing information from a diverse set of case studies
is challenging and some interpretation by individual
reviewers in the coding is unavoidable, having a clear
protocol helps reduce those arbitrary decisions. In
addition, it allows for future work to improve NCS
activities to easily expand on our study. The literature
on NCS is growing at a rapid pace and a large num-
ber of new articles on NCS activities have been pub-
lished since initiating this review two years ago. This
new body of literature could be evaluated against our
results to potentially address some of the gaps we have
raised.

5.3.2. Considerations for knowledge production
Finally, it is important to critically reflect on who is
creating the evidence we are assessing and for whom.
Western scientists and economists are the domin-
ant influence in climate change research and policy

processes, though with NCS much action is projec-
ted in non-Western countries. Our review can help
us identify enablers of implementation in different
places, but what is effective or successful implementa-
tion may depend on the activity, how well it is imple-
mented, and how long it is implemented, and who
sets the criteria for determining this. Recent evid-
ence from Indonesia reinforces that current land use
scenarios and policy development do not yet provide
the benefits or income needed to support livelihoods
while placing more burden on local actors to con-
tribute to climate change mitigation, as was the case
for many studies in our review dataset (Merten et al
2021). While there was a range in the duration of
the projects in the reviewed literature, many did
have longer timeframes due to our focus on NCS
activities that were underway or had already been
implemented.

Thus, a different set of enabling factors may mat-
ter more when thinking about implementation from
an alternative perspective, such as a social justice or
equity angle, than purely amitigation objective. These
could includemore focus on capacities of communit-
ies and smallholders, local land use rights, and par-
ticipatory decision-making processes. These factors
are typically excluded from themodelling projections
that determine the potential for NCS to begin with
because they are complex to integrate or data, if avail-
able, is considered to be inadequate. While it is diffi-
cult to ensure representativeness in research, applying
the concept of ‘unlearning’, or letting go of precon-
ceived notions to allow for new knowledge to be cre-
ated,may also be useful to explore within this framing
and existing meta-narratives (Becker 2005, Downes
et al 2015).

This raises the question, who informs and decides
on the global NCS agenda. Similarly, who determ-
ines who should bear the costs of implementation?
Undeniably, the positionality of researchers plays a
role in the formation of the evidence base, the mes-
saging of the results, and to whom it is disseminated.
While beyond the scope of this paper, a mapping of
authors and funding sources driving the research in
our databasewould be valuable in identifying possible
systemic biases and power imbalances.

5.4. Conclusion
This review and dataset have allowed us to go beyond
the analysis of individual enabling factors to provide a
larger picture of how these factors fit together. While
this is a first step, it points to the need to think
more systematically about this topic. Moving for-
ward, more inclusive (and systematic) methodologies
for considering underlying drivers of change in tech-
nical and economic studies of potential for enhancing
decision making could be explored.

Finally, our results indicate that implementa-
tion is contingent on interactions between factors,
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among the most prevalent being social and polit-
ical. It is likely that the goals of NCS will not be
achieved without broadening them to recognize that
the dimensions and impacts of climate change vary
across the globe, and successful mitigation solutions
will be those that include different strategies targeted
at a range of actor groups. Climate change is taking
place in diverse social, economic, political, institu-
tional, financial, technical and biophysical contexts
and we must make understanding and balancing the
enabling factors within these realms a priority in
research and policy.
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11 277–93

Seddon N, Chausson A, Berry P, Girardin C A J, Smith A and
Turner B 2020 Understanding the value and limits of
nature-based solutions to climate change and other
global challenges Philos. Trans. R. Soc. B
375 20190120

Seymour F 2020 Seeing the forests as well as the (Trillion) trees in
corporate climate strategies One Earth 2 390–3

Shrestha S, Shrestha U B and Bawa K S 2017 Contribution of
REDD+ payments to the economy of rural households in
Nepal Appl. Geogr. 88 151–60

Skutsch M and Turnhout E 2018 How REDD+ is performing
communities Forests 9 638

Smith P et al 2019 Land-management options for greenhouse gas
removal and their impacts on ecosystem services and the
sustainable development goals Annu. Rev. Environ. Resour.
44 255–86

Star S L and Griesemer J R 1989 Institutional ecology,
t̀ranslations’ and boundary objects: amateurs and
professionals in Berkeley’s museum of vertebrate zoology,
1907–39 Soc. Stud. Sci. 19 387–420

Tanaka N 2009 Vegetation bioshields for tsunami mitigation:
review of effectiveness, limitations, construction, and
sustainable management Landsc. Ecol. Eng. 5 71–79

Tauli-Corpuz V, Alcorn J, Molnar A, Healy C and Barrow E 2020
Cornered by PAs: adopting rights-based approaches to
enable cost-effective conservation and climate actionWorld
Dev. 130 104923

The Nature Conservancy n.d. Natural climate solutions (available
at: www.nature.org/en-us/what-we-do/our-insights/
perspectives/natural-climate-solutions/) (Accessed 27
September 2021)

Tian N, Poudyal N C, Hodges D G, Young T M and Hoyt K P 2015
Understanding the factors influencing nonindustrial private
forest landowner interest in supplying ecosystem services
in Cumberland plateau, Tennessee Forests
6 3985–4000

Uisso A J, Chirwa P W, Ackerman P A and Mbwambo L 2019
Forest management and conservation before and after the
introduction of village participatory land use plans in the
Kilosa district REDD+ initiative, Tanzania J. Sustain. For.
38 97–115

UNGA 2019 Resolution adopted by the general assembly on 1
March 2019: 73/284. United Nations decade on ecosystem
restoration (2021–2030). United Nations General Assembly
(available at: https://undocs.org/A/RES/73/284)

Victor D G 2015 Embed the social sciences in climate policy
Nature 520 27–29

Wallbott L and Florian-Rivero E M 2018 Forests, rights and
development in Costa Rica: a political ecology perspective
on indigenous peoples’ engagement in REDD+ Conflict
Secur. Dev. 18 493–519

Wallbott L, Siciliano G and Lederer M 2019 Beyond PES and
REDD+: Costa Rica on the way to climate-smart landscape
management? Ecol. Soc. 24 art24

Walsh Z, Böhme J and Wamsler C 2021 Towards a relational
paradigm in sustainability research, practice, and education
Ambio 50 74–84

21

https://doi.org/10.1098/rstb.2019.0104
https://doi.org/10.1098/rstb.2019.0104
https://doi.org/10.4103/0972-4923.186830
https://doi.org/10.4103/0972-4923.186830
https://doi.org/10.1016/j.gloenvcha.2021.102388
https://doi.org/10.1016/j.gloenvcha.2021.102388
https://doi.org/10.1016/j.worlddev.2019.02.002
https://doi.org/10.1016/j.worlddev.2019.02.002
https://doi.org/10.1016/j.envsci.2017.05.014
https://doi.org/10.1016/j.envsci.2017.05.014
https://doi.org/10.3390/f8010014
https://doi.org/10.3390/f8010014
https://doi.org/10.1080/02827581.2011.635083
https://doi.org/10.1080/02827581.2011.635083
https://doi.org/10.1088/1755-1315/299/1/012046
https://doi.org/10.1088/1755-1315/299/1/012046
https://doi.org/10.1038/541133b
https://doi.org/10.1038/541133b
https://nature4climate.org/u-s-carbon-mapper-faq/
https://nature4climate.org/u-s-carbon-mapper-faq/
https://doi.org/10.1016/j.scitotenv.2016.11.106
https://doi.org/10.1016/j.scitotenv.2016.11.106
https://doi.org/10.1016/j.forpol.2015.03.008
https://doi.org/10.1016/j.forpol.2015.03.008
https://doi.org/10.1505/146554817821255187
https://doi.org/10.1505/146554817821255187
https://doi.org/10.1016/j.cosust.2019.02.003
https://doi.org/10.1016/j.cosust.2019.02.003
https://doi.org/10.1016/j.gloenvcha.2017.01.001
https://doi.org/10.1016/j.gloenvcha.2017.01.001
https://doi.org/10.2139/ssrn.2622743
https://doi.org/10.2139/ssrn.2622743
https://doi.org/10.1126/science.1172133
https://doi.org/10.1126/science.1172133
https://doi.org/10.1111/apv.12082
https://doi.org/10.1111/apv.12082
https://doi.org/10.1016/j.envsci.2017.07.008
https://doi.org/10.1016/j.envsci.2017.07.008
https://doi.org/10.1080/14693062.2015.1022854
https://doi.org/10.1080/14693062.2015.1022854
https://doi.org/10.1016/j.cosust.2010.03.005
https://doi.org/10.1016/j.cosust.2010.03.005
https://doi.org/10.1111/gcb.15873
https://doi.org/10.1111/gcb.15873
https://doi.org/10.3390/f9110725
https://doi.org/10.3390/f9110725
https://doi.org/10.1016/j.foreco.2013.05.013
https://doi.org/10.1016/j.foreco.2013.05.013
https://doi.org/10.1162/GLEP_a_00374
https://doi.org/10.1162/GLEP_a_00374
https://doi.org/10.1007/s11625-015-0330-8
https://doi.org/10.1007/s11625-015-0330-8
https://doi.org/10.1098/rstb.2019.0120
https://doi.org/10.1098/rstb.2019.0120
https://doi.org/10.1016/j.oneear.2020.05.006
https://doi.org/10.1016/j.oneear.2020.05.006
https://doi.org/10.1016/j.apgeog.2017.09.001
https://doi.org/10.1016/j.apgeog.2017.09.001
https://doi.org/10.3390/f9100638
https://doi.org/10.3390/f9100638
https://doi.org/10.1146/annurev-environ-101718-033129
https://doi.org/10.1146/annurev-environ-101718-033129
https://doi.org/10.1177/030631289019003001
https://doi.org/10.1177/030631289019003001
https://doi.org/10.1007/s11355-008-0058-z
https://doi.org/10.1007/s11355-008-0058-z
https://doi.org/10.1016/j.worlddev.2020.104923
https://doi.org/10.1016/j.worlddev.2020.104923
https://www.nature.org/en-us/what-we-do/our-insights/perspectives/natural-climate-solutions/
https://www.nature.org/en-us/what-we-do/our-insights/perspectives/natural-climate-solutions/
https://doi.org/10.3390/f6113985
https://doi.org/10.3390/f6113985
https://doi.org/10.1080/10549811.2018.1527232
https://doi.org/10.1080/10549811.2018.1527232
https://undocs.org/A/RES/73/284
https://doi.org/10.1038/520027a
https://doi.org/10.1038/520027a
https://doi.org/10.1080/14678802.2018.1532643
https://doi.org/10.1080/14678802.2018.1532643
https://doi.org/10.5751/ES-10476-240124
https://doi.org/10.5751/ES-10476-240124
https://doi.org/10.1007/s13280-020-01322-y
https://doi.org/10.1007/s13280-020-01322-y


Environ. Res. Lett. 17 (2022) 013002 I Schulte et al

Wang G, Ma O Z, Wang L, Shrestha A, Chen B, Mi F, Liu S,
Guo X, Eshpeter S and Innes J L 2019 Local perceptions of
the conversion of cropland to forestland program in Jiangxi,
Shaanxi, and Sichuan, China J. For. Res. 30 1833–47

WBCSD n.d. Nature-based Solutions: Scaling up Natural Climate
Solutions to Achieve the Paris Agreement ObjectivesWorld
Business Council for Sustainable Development (available at:
https://wedocs.unep.org/bitstream/handle/20.500.11822/
28816/NCS_PA.pdf?sequence=1&isAllowed=y)

Whitfield S, Reed M, Thomson K, Christie M, Stringer L C,
Quinn C H, Anderson R, Moxey A and Hubacek K 2011
Managing peatland ecosystem services: current UK policy
and future challenges in a changing world Scott. Geogr. J.
127 209–30

Wood A, Tolera M, Snell M, O’Hara P and Hailu A 2019
Community forest management (CFM) in south-west
Ethiopia: maintaining forests, biodiversity and carbon

stocks to support wild coffee conservation Glob. Environ.
Change 59 101980

World Economic Forum n.d. World economic forum | natural
climate solutions alliance. (available at: www.weforum.org/
projects/natural-climate-solutions-alliance) (Accessed 27
September 2021)

Wurtzebach Z, Casse T, Meilby H, Nielsen M R and Milhøj A 2019
REDD+ policy design and policy learning: the emergence of
an integrated landscape approach in Vietnam For. Policy
Econ. 101 129–39

Wylie L, Sutton-Grier A E and Moore A 2016 Keys to successful
blue carbon projects: lessons learned from global case
studiesMar. Policy 65 76–84

Zinda J A, Trac C J, Zhai D and Harrell S 2017 Dual-function
forests in the returning farmland to forest program and the
flexibility of environmental policy in China Geoforum
78 119–32

22

https://doi.org/10.1007/s11676-018-0870-8
https://doi.org/10.1007/s11676-018-0870-8
https://wedocs.unep.org/bitstream/handle/20.500.11822/28816/NCS_PA.pdf?sequence=1&isAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/28816/NCS_PA.pdf?sequence=1&isAllowed=y
https://doi.org/10.1080/14702541.2011.616864
https://doi.org/10.1080/14702541.2011.616864
https://doi.org/10.1016/j.gloenvcha.2019.101980
https://doi.org/10.1016/j.gloenvcha.2019.101980
https://www.weforum.org/projects/natural-climate-solutions-alliance
https://www.weforum.org/projects/natural-climate-solutions-alliance
https://doi.org/10.1016/j.forpol.2018.10.003
https://doi.org/10.1016/j.forpol.2018.10.003
https://doi.org/10.1016/j.marpol.2015.12.020
https://doi.org/10.1016/j.marpol.2015.12.020
https://doi.org/10.1016/j.geoforum.2016.03.012
https://doi.org/10.1016/j.geoforum.2016.03.012

	What influences the implementation of natural climate solutions? A systematic map and review of the evidence
	1. Introduction
	2. Defining natural climate solutions
	3. Methods
	3.1. Scoping of terms
	3.2. Review criteria, search, and screening
	3.3. Data extraction, coding, and analysis

	4. Results and synthesis
	4.1. Current state of the implementation literature
	4.1.1. Geographical coverage
	4.1.2. NCS activities

	4.2. What are important enabling factors & where?
	4.2.1. Social
	4.2.2. Economic
	4.2.3. Political
	4.2.4. Institutional
	4.2.5. Financial
	4.2.6. Technical
	4.2.7. Biophysical
	4.2.8. Co-benefits
	4.2.9. By geography


	5. Discussion
	5.1. Summary and insights
	5.2. Bundling enabling factors
	5.2.1. State-dominated pathway
	5.2.2. Community-oriented pathway
	5.2.3. Industrialized pathway

	5.3. Critical reflection & implications for the future
	5.3.1. Research gaps
	5.3.2. Considerations for knowledge production

	5.4. Conclusion

	Acknowledgments
	References


