
Available online at www.sciencedirect.com

Opportunities for nature-based solutions to contribute to 
climate-resilient development pathways
Alaina D Kinol, Johan Arango-Quiroga and Laura Kuhl

There is potential for nature-based solutions (NbS) to contribute 
to climate-resilient development (CRD) due to their integrated 
approach to mitigation, adaptation, and sustainable 
development. However, despite alignment between NbS and 
CRD’s objectives, realization of this potential is not guaranteed. 
A CRD pathways (CRDP) approach helps to analyze the 
complexities of the relationship between CRD and NbS, and a 
climate justice lens enables the identification of the multiple 
ways that NbS can support or undermine CRD by 
foregrounding the politics inherent in deciding between NbS 
trade-offs. We use stylized vignettes of potential NbS to 
examine how the dimensions of climate justice reveal the 
potential of NbS to contribute to CRDP. We consider tensions 
in NbS projects between local and global climate objectives, 
and the potential for NbS framing to reinforce inequalities or 
unsustainable practices. Ultimately, we present a framework 
that combines climate justice and CRDP in an analytical tool for 
understanding the potential for a NbS to support CRD in 
specific places.
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Nature-based solutions and climate-resilient 
development
Nature-based solutions (NbS) are localized interventions 
to approach societal challenges by working with nature 
[1,2]. The promise of NbS is that they can simulta-
neously address the socioeconomic drivers of climate 
change, increase resilience to climate impacts, and build 
social, environmental, and economic-adaptive capacity to 
meet climate and development challenges, and thus 

contribute to climate-resilient development (CRD) [1]. 
CRD is an approach to development that combines 
poverty and inequality alleviation with climate adapta-
tion and greenhouse gas mitigation. It pursues synergies 
across these policy priorities in recognition that climate 
change exacerbates vulnerability and inequality, which 
limit the efficacy of climate action [3]. Yet, despite the 
alignment between their objectives, it is not guaranteed 
that NbS will always contribute to CRD. The details of 
how NbS are framed, designed, and implemented sig-
nificantly impact the potential value of NbS [4], and it is 
possible that NbS can be framed, designed, or im-
plemented in ways that cause harm and detract 
from CRD.

In this paper, we suggest that analyzing NbS using a 
CRD pathways (CRDP) approach that focuses on cli-
mate justice offers constructive opportunities to engage 
with the complexity of the relationships between NbS 
and CRD. Pathways approaches serve as both con-
ceptual and planning tools that help to analyze the cu-
mulative direction of many context-dependent decision 
points [5–11]. CRDP have been characterized as “the 
process of consolidating climate action and development 
decisions towards long-term sustainable development” 
[12]. A CRDP approach recognizes that CRD is not a 
finite endpoint but rather a continual process, where 
many factors can influence the trajectory of pathways, 
including external shocks and future interventions [13].

Literature on both NbS and CRD has been criticized for 
apolitical analysis that reifies these approaches without 
sufficient attention to the power dynamics of decision- 
making and implementation, and trade-offs across prio-
rities and values embedded within these concepts 
[14,15]. Critics warn that the concept of CRD can ignore 
large-scale structural drivers of development and power 
asymmetries while reinforcing techno-managerial ap-
proaches [15]. Similarly, because of the large-scale im-
pacts of NbS on landscapes and livelihoods, if NbS do 
not account for imbalances in power and knowledge, 
they may reinforce inequalities or unsustainable prac-
tices [16]. For example, allocating decision-making and 
influence in prioritizing among trade-offs across multiple 
benefits to a small number of people limits broader 
participation and may reinforce inequalities [1,14,17]. 
Minimizing or failing to acknowledge differentiated 
challenges may exacerbate marginalities and vulner-
abilities for those for whom triple-win opportunities in 
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mitigation, adaptation, and sustainable development are 
infeasible [18–21]. To illustrate, a mangrove restoration 
project for carbon offsets may create compensation me-
chanisms that support aspects of sustainable develop-
ment even as it replaces mitigation efforts by major 
polluters and limits space available for adaptive aqua-
culture. Incorporating a climate justice lens helps to 
address these concerns, as attention to power dynamics, 
structural drivers of inequality and vulnerability, and 
diverse visions for change are central to climate justice 
[22]. Therefore, a climate justice framework that brings 
the politics inherent in NbS to the forefront can identify 
the multiple ways that NbS can support or under-
mine CRD.

Using a climate-resilient development 
pathways approach to analyze nature-based 
solutions
Using a CRDP framework, NbS can be conceptualized 
as decision points on a CRD pathway. The stylized 
diagram in Figure 1 illustrates that NbS can lead to-
ward or away from CRD. Depending on how they are 
framed, designed, and implemented, NbS may be de-
cisive junctures in CRDP. While represented as single 
decision points in the diagram, in reality, NbS framing, 

design, and implementation entail many decisions, so 
their contributions to CRD may change over time.

In our stylized framework, we represent a broad range of 
NbS interventions using Seddon et al.’s characterization 
of NbS categories: Protection, Restoration, 
Management, and Creation [1]. We illustrate protection 
with forest conservation, restoration with mangrove re-
storation, management with watershed management, 
and creation with urban green space. While the four 
examples are not exhaustive, they serve to exemplify 
that a CRDP framework has utility across a wide range of 
NbS. For each example, we developed vignettes, 
building on empirical literature, that illustrate factors 
that influence how each NbS example can contribute 
toward or away from CRD.

To complement the vignettes, in Table 1, we distill 
existing NbS literature to articulate specific contribu-
tions each type of NbS can make to the multiple goals of 
CRD, including incrementally advancing global en-
vironmental quality and human well-being. Forest con-
servation, for example, can contribute to mitigation by 
absorbing carbon and adaptation by reducing flood, 
drought, landslide, and salinization risks. It can also 

Figure 1  

Current Opinion in Environmental Sustainability

NbS contributions to CRDP. NbS have the potential to be important components of CRDP. Depending on the extent to which climate justice is 
centered in framing, design, and implementation of NbS, they can contribute to higher or lower CRD. Here, vignettes present stylized narratives of NbS 
using the four categories of NbS action: protection, restoration, management, and creation. Despite the stylized depictions of NbS either contributing 
toward or away from CRD, NbS interventions are quite complex and certain components may promote just CRD while others do not. Although this 
diagram suggests that these interventions are implemented sequentially, pathways to CRD are likely to incorporate multiple NbS strategies.
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contribute to social, environmental, and economic di-
mensions of sustainable development, for instance, by 
providing a cultural resource, enhancing biodiversity, 
and providing revenue streams.

Trade-offs across priorities and values 
embedded in nature-based solutions and 
climate-resilient development
For NbS to contribute to CRD, they must be framed, 
designed, and implemented in ways that center climate 
justice. Consideration of the four dimensions of climate 
justice (distributional, procedural, recognitional, and re-
storative) [23,24] can help determine whether particular 
NbS are likely to contribute toward or away from CRD. 
A climate justice approach can explicitly identify the 
values, rules, and knowledge across different scales 
shaping NbS’ contribution to CRDP [25].

Distributional justice concerns the ways that the impacts 
of NbS, both harms and benefits, are allocated “socially 
and temporally across society” [26]. Procedural justice 
refers to the extent to which all relevant interests are 
equitably involved and represented in the decision- 
making and implementation process, including in de-
ciding between competing interests and project trade- 
offs [27]. Recognitional justice entails respect for dif-
ferences by acknowledging, valuing, and accounting for 
the capacities, contributions, and humanity of NbS 
participants and others affected in the decision and ac-
tion processes [28,29]. Finally, restorative justice is 
concerned with how the project addresses and redresses 
past harms that created or exacerbated inequalities and 
vulnerabilities, including by actively reshaping unjust 
systems for self-determination and global democratic 
equality [30]. Alongside the potential of a climate justice 
lens, however, it is important to recognize that, like 
CRDP, justice is not a static concept. Its definition and 
application require a deliberate approach; otherwise, 
mainstreaming justice can become a technocratic and 
mechanistic process that fails to meet the NbS or CRD 
goals [28].

NbS framing, design, and implementation are ideologi-
cally shaped [1,31] and inherent trade-offs mean there is 
no perfect NbS that can solve all problems for all stake- 
and rights-holders. Still, attention to how and for whom 
justice can be promoted in NbS can guide CRD toward 
more proactive strategies and frame CRDP in ways that 
address root causes and anticipate adverse outcomes, 
potentially transforming existing systems to meet the 
needs of the most vulnerable [32,33].

Table 2 synthesizes ways that embedding each dimen-
sion of justice throughout an NbS project can contribute 
toward CRD. For example, an NbS project that is re-
storatively just prevents institutional discrimination, 
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identifies and repairs historic injustices that have ex-
acerbated current disadvantages and vulnerabilities, and 
prioritizes the interests of Indigenous Peoples and local 
communities, including by returning their land.

Conversely, when justice is not present, NbS will not 
align with CRD, instead contributing to CRDP that lead 
away from CRD. Table 3 describes challenges in NbS 
framing, design, and implementation with examples 

Table 2 

Types of justice, NbS, and CRDP. 

Type of justice Definition How centering justice enables NbS to contribute to CRD

Distributional The equitable distribution of climate “rights, duties, risks, 
hazards, and harms”, including intergenerational justice: 
the preservation of nature for the survival and enjoyment of 
future generations [93]

• Prevent climate burdens from exacerbating existing 
inequities, including for future generations, by placing the 
responsibility on those most responsible for the crisis.

• Ensure that the benefits do not only accumulate among 
those who have more privilege.

• Do not impose or create risks and/or vulnerabilities for 
communities who live nearby or who may be affected 
(e.g. downriver).

• Avoid inequitable disbursement of NbS-related funds 
among small landholders or communities with limited 
resources or access to financial means and/or markets.

• Disaggregate data to prevent concealed impacts on 
marginalized communities and individuals or the 
environment.

Procedural Accountable processes and institutions that result in just 
roles for all partners in decision-making and 
implementation, especially those who have historically 
been excluded and marginalized, following four principles: 
access to information, access to meaningful participation in 
decision-making, lack of decision-maker bias, and access 
to legal process for redress [94,95]

• Account for the goals of all partners, especially the least 
powerful.

• Create space for experimentation and negotiation.
• Enhance transparency, legitimacy, and accountability.
• Guarantee the right to participate effectively in project, 

programs, law, and public
• Policy aimed at attaining CRD through NbS.
• Free prior and informed consent is always obtained.
• Does not follow a top-down consultation process.
• Build strong local communication channels (e.g. 

information sharing during farmers’ cooperative 
meetings).

Recognitional The recognition of all partners, their capabilities, and their 
relationships including direct, inequitable climate burdens, 
especially those traditionally excluded — includes 
epistemic justice, or recognition specifically of the 
knowledge of those often excluded from decision- 
making [94,96]

• Coproduce NbS goals and implementation with 
Indigenous and local knowledge.

• Acknowledge potential for contributions of different types 
of knowledge and expertise.

• Design NbS responsive to partner barriers, burdens, and 
capabilities.

• Do not weigh the preferences of funders more than 
Indigenous and local partners.

• Include an Indigenous Peoples expert when working in 
Indigenous territories.

• Provide historically marginalized communities and 
individuals voice and vote to approve/deny and to shape 
projects or interventions (i.e. redistribution of power in 
decision-making procedures).

Restorative or 
reparative

Addresses past harms, including genocide and slavery, to 
marginalized groups that exacerbated or created 
inequalities [23,30]

• Identify historic injustices that have created 
contemporary disadvantages and excluded vulnerable 
groups from self-determination and decision-making.

• Prevent institutional discrimination
• Acknowledge that Indigenous Peoples and local 

communities (IPLC) interests must be prioritized in NbS 
goals and implementation to build justice.

• Provide the substantive means necessary for people to 
have prosperous lives by, for instance, giving land back to 
those who have been displaced from their homes.

• Guarantee that IPLC can exercise their right to steward 
the land in a safe manner, including defending 
environmental justice without threats or fear of violence.

• Ensure redress and remedy to victims of environmental 
harms and long-standing injustices.
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from the NbS literature. Each of these challenges re-
veals the injustices that can arise when trade-offs be-
tween competing priorities and values are determined 
by power imbalances, structural drivers of inequality and 
vulnerability, and/or failure to recognize diverse knowl-
edge and visions for change. For example, NbS projects 
using bioenergy with carbon capture and storage 
(BECCS) that prioritize the net-zero goals of powerful 
international actors without considering the complexities 
of local needs and adaptation priorities may not con-
tribute to CRD despite addressing mitigation. In this 
example, a narrow technological focus on BECCS may 
be distributionally unjust because it mostly benefits al-
ready-powerful actors and limits the structural changes 
that could reduce local vulnerabilities. It may also not be 
recognitionally just if it prioritizes funder preferences 
over local people’s needs. A climate justice framework 
allows for the interrogation of how NbS fail to contribute 
to CRD by identifying the ways that it is unjust and 
analysis of opportunities to amend the project.

Historically, many climate interventions have prioritized 
mitigation, but adaptation is equally urgent and of high 
priority, especially for many developing countries that 
have contributed little to causing climate change [3]. 
This emphasis on mitigation is often in tension with 
local climate justice goals as well, as communities face 
inequitably distributed vulnerabilities and exposure to 
climate change, including colonial legacies and neoco-
lonial efforts of violent cooptation of environments and 
resources for unsustainable extraction [28,34]. To con-
tribute positively to CRD, NbS need to be implemented 
more justly. First, to improve distributional and re-
storative justice, projects need to ensure that they are 
not crowding out adaptation funding in the local context 
and are actively contributing to CRD goals. Second, to 
improve recognitional and procedural justice, NbS need 
to acknowledge the local context and knowledge, in-
cluding by coproduction with Indigenous People and 
local communities.

By using a climate justice lens to analyze NbS, the 
vignettes distill how issues of justice affect CRDP. 
While NbS have the potential to make the contributions 
identified in Table 1, they are not necessarily universally 
beneficial; injustice in framing, design, or implementa-
tion of NbS will also reduce CRD. Mangrove restoration, 
for example, can contribute to pathways toward CRD, 
when it helps to protect communities from storm surges, 
sites and species are selected using local knowledge, the 
coastal ecosystem is regenerated, and/or livelihood op-
portunities are produced. Conversely, mangrove re-
storation may contribute to a pathway away from CRD 
when sites and species are inappropriate or chosen 
without local input, when benefits accrue to external 
groups via green grabbing of offsets, when local labor on 

the project is unpaid, and/or when the project exacer-
bates ecological degradation.

Conclusion
The CRDP approach presents an opportunity to analyze 
NbS as decision points along a pathway that can lead 
toward or away from CRD, rather than assuming that all 
NbS are necessarily meeting CRD goals. We argue that 
the determining factor shaping the trajectory of path-
ways is the extent to which the dimensions of justice are 
fully incorporated in NbS framing, design, and im-
plementation. While this framework has potential re-
levance across many contexts, its true value is in its 
application in specific places. The framework could be 
usefully applied at any stage in the NbS process, but the 
sooner these issues are considered, the greater the op-
portunity to ensure NbS contribute positively to CRDP.

Through the four vignettes in Figure 1, we illustrate that 
there are overarching ways that NbS can contribute to-
ward or away from CRD. In every case, NbS that con-
tribute to CRDP are implemented with (rather than on) 
the community and are appropriate to the local social, 
ecological, and economic contexts. On the other hand, 
NbS that are implemented without the collaboration of 
the community, that ignore Indigenous or local knowl-
edge, that exacerbate existing harms or inequalities, and 
that benefit external privileged communities are un-
likely to lead toward CRD.

This paper presents a framework that uses climate jus-
tice and CRDP together as an analytical tool for under-
standing the potential for a NbS to enable CRD. NbS 
are inherently political projects with limited resources 
that entail multiple ongoing trade-offs between com-
peting values and priorities. Critical engagement with 
the dimensions of justice, or how the NbS consistently 
recognizes partners and their roles in framing, design, 
and implementation, accounts for and addresses histor-
ical harms, and delivers enduring equitable outcomes, 
enables the assessment of whether that NbS leads to-
ward or away from CRD on a CRDP [28]. If the goal of 
NbS is to contribute toward CRD, they cannot ignore 
the need to consistently prioritize justice throughout and 
after the project, or they risk reinforcing the structural 
dynamics that are constraining CRDP in the first place. 
There is significantly more to unpack in terms of ana-
lyzing NbS using a pathways approach that centers jus-
tice, and we hope that this contribution can serve as a 
framework for enabling more such analysis.
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