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Abstract 

In recent years, there has been a growth in scholarship on “nature-based solutions” and “natural 

climate solutions” to climate change. A variety of actors have argued that these natural solutions – 

variously involving the protection, conservation, restoration, management, enhancement, or imitation 

of natural ecosystems – can play a crucial role in both mitigating and adapting to climate change. 

What is more, by virtue of their label, natural solutions promise to be particularly attractive to the 

public and policymakers and have received significant media and scholarly attention. But what is 

natural is also social: people, acting in various social groups, can selectively emphasise or 



deemphasise certain characteristics of climate solutions to make them seem more or less natural. 

The framing of particular solutions as ‘natural’ or ‘unnatural’ has far-reaching implications for climate 

policy but has thus far been overlooked. Here we undertake a critical review of the ways in which 

natural solutions to climate change have been framed and examine the normative and practical 

implications of this framing. We review what counts (and what does not count) as a natural solution, 

and find that those labelled natural are routinely framed under technical and social appraisal criteria 

as being more beneficial, cost effective, mature, and democratic than ostensibly artificial counterparts. 

And yet, we show that under greater scrutiny, the natural framing obscures the reality that natural 

solutions can be just as risky, expensive, immature, and technocratic. We conclude by reflecting on 

the dangers of narrowing the range of solutions considered natural and indeed, of selecting solutions 

through recourse to ‘nature’ at all. Rather, climate solutions must be evaluated in terms of their 

specific qualities, against a far broader range of framings. 

 

1. INTRODUCTION 

Over the past decade a variety of actors have suggested a new set of solutions for ameliorating the 

problem of global anthropogenic climate change. These policy options, called “nature-based 

solutions” or “natural climate solutions,” involve the protection, conservation, restoration, 

management, enhancement or imitation of natural ecosystems, and might include forest conservation 

and management, wetland restoration, biochar burial, and peatland conservation and restoration. 

These solutions have garnered increasing media, policy, and scholarly attention, with supporters 

ranging from teen activist Greta Thunberg to the European Commission (European Commission, 

2015; Carrington, 2019).  According to one widely cited paper, such solutions could provide 30% of 

the cost-effective mitigation of climate change that would help individual nations, and the planet as a 

whole, keep global warming to below 2° C above pre-industrial levels (Griscom et al., 2017). 

Meanwhile, an analysis of signatories to the Paris Agreement suggests that two-thirds of countries 

already include natural solutions in some form in their nationally determined contributions (Seddon, 

Sengupta, et al., 2020). 

 Although the current discourse of natural solutions for climate change is relatively new 

(Griscom et al., 2017; Fargione et al., 2018; Seddon et al., 2021), there is a much longer history in 

policymaking around “natural” or “ecosystem-based” solutions for mitigation and adaptation to climate 



change. Indeed, the idea of natural solutions to climate change can be traced back to much earlier 

scholarship on using natural ecosystems for various utilitarian human purposes. Although traditional 

belief systems have long referenced the importance of ecosystems for human welfare, the scientific 

conception of ecosystem services arose in the 1980s (Ehrlich & Mooney, 1983) and rose to 

prominence in the 1990s and 2000s (Daily, 1997; Lele et al., 2013). The United Nations-

commissioned Millennium Ecosystem Assessment in the early 2000s further legitimized the idea of 

ecosystem services by performing a comprehensive appraisal of the world’s ecosystems and their 

ability to deliver services such as clean water, food, and disaster management (Millennium 

Ecosystem Assessment, 2005). 

  The late 2000s witnessed a new addition to the lexicon of environmental management – 

“nature-based solutions” for climate change and other environmental problems (Cohen-Shacham et 

al., 2016; Nesshöver et al., 2017) Nature-based solutions (NbS) suggested a conceptual shift towards 

ecosystems not only providing services, but also serving as a “significant contribution to addressing 

major societal challenges” (Eggermont et al., 2015; Cohen-Shacham et al., 2016, p. 3). Originating at 

the interface of science, policy, and practice, NbS were championed by international environmental 

organizations such as the International Union for the Conservation of Nature, the World Wildlife Fund, 

the World Bank, and others as an alternative to “conventional engineering” or other interventions to 

solve human problems (MacKinnon et al., 2008; Dudley, 2010; Cohen-Shacham et al., 2016). 

According to one working definition of NbS, “Nature-based Solutions (NbS) use ecosystems and the 

services they provide to address societal challenges such as climate change, food security, or natural 

disasters” (Cohen-Shacham et al., 2016, p. 2). 

 NbS were joined in the late 2010s by the new framework of “natural climate solutions”, 

originally highlighted in the academic literature by Griscom et al. (2017). Natural climate solutions or 

NCS, have many similarities with NbS but are focused more narrowly on climate change mitigation 

(see Section 2). Researchers focusing on NCS have foregrounded their importance in reducing or 

avoiding emissions in order to meet the goals of the 2015 Paris agreement (Fargione et al., 2018; 

Griscom et al., 2020).  

  Although there are some differences between NbS and NCS (see Section 2), both solution 

frameworks benefit from the “natural” label. Actions or policies that are considered “natural” often 

correspond with higher public approval, while those that can be seen as “tampering with” or “messing 



with” nature are viewed as less desirable or more risky (Sjöberg, 2000; Hansen, 2006; Corner et al., 

2013). Meanwhile, the problem of climate change has been more broadly depicted as the “end of 

nature” (McKibben, 1989), or as an example of humans overstepping the bounds of the natural world 

via artificial and industrial energy technologies (Rockström et al., 2009). Against this backdrop, NCS 

and NbS seem to be crucial policy options which can garner widespread public support while also 

helping to return the planet to a more “natural” climatic state; they can also be seen as ways to 

engender increased public and policy support for conservation goals, even as funding and attention 

revolves around a focus on mitigating and adapting to climate change.  

 But what counts as a natural solution to climate change? And how should natural solutions be 

delineated from solutions which are inadvertently, or tacitly, specified as “unnatural”? It has been 

widely argued in the social sciences (Castree, 2005; Hinchliffe, 2007), and in relation to NCS in 

particular (Bellamy & Osaka, 2020) that there is no singular, external, non-human nature – rather, the 

concept of nature is socially constructed, and imbued with particular socio-political meanings in 

specific contexts. Therefore, defining and presenting a particular course of action or policy as “natural” 

can itself be a political act, with consequences for how such policies are interpreted and leveraged in 

the public sphere. Some scholars have also suggested that there is no strict dividing line between 

“natural” and “unnatural”; instead, they argue that the world is made up of co-produced nature-culture 

hybrids, in which the natural and artificial components cannot be easily disentangled (Latour, 2004; 

Hinchliffe, 2007). 

  We suggest, therefore, that there is a need for a critical review into the “nature” of natural 

solutions to climate change. Here we provide a brief history and present various definitions of “natural 

climate solutions” and “nature-based solutions” for climate change, followed by a systematic 

examination of recent literature. By analysing how these solutions are framed via a range of technical 

and social appraisal criteria, we examine how they have been differentiated from other policy options 

that are inadvertently, tacitly, or deliberately framed as unnatural. Finally, we examine the implications 

of these framings for climate politics and discourse, exploring the broader theoretical and practical 

implications of this use of “nature”.1 

 
1 In this paper, we are interested in the assignation of meaning, taking meaning to be ‘material’ in the way natural solutions 

themselves are when actioned and implemented. We are ‘constructivists’ in the discursive sense, as well the in the sense of 

‘building’ technologies or intervening in ecosystems. Our position accepts that ‘reality’ is, in part, apprehended through 



 

2. DEFINING “NATURAL” SOLUTIONS 

Natural solutions to climate change are currently represented by two distinct and yet interconnected 

terms: nature-based solutions (NbS)2 and natural climate solutions (NCS). These concepts arose at 

different times and in slightly different institutional contexts; thus, although they are closely related, 

there are significant differences in how they are framed, both in academic and grey literature and in 

public discourse. 

  As briefly detailed in the introduction, the concept of NbS predates NCS by almost a decade. 

NbS emerged in the grey literature in the mid- to late-2000s, advocated for by organizations like the 

International Union for the Conservation of Nature (IUCN) and the World Bank (MacKinnon et al., 

2008; IUCN (International Union for the Conservation of Nature), 2009; MacKinnon & Hickey, 2009). 

The earliest mentions of NbS focused on their applicability for mitigation and adaptation to climate 

change (MacKinnon et al., 2008; IUCN, 2009). For example, in a World Bank report from 2008, NbS 

were not substantively defined, but included interventions such as afforestation, grassland restoration, 

and enhancing landscape connectivity to both mitigate and adapt to climate change (MacKinnon et 

al., 2008). 

  Over the past decade, however, the NbS concept has broadened to include a range of social 

and environmental problems. The European “Horizon 2020” research and innovation program, which 

incorporated a focus on NbS, suggested that these solutions could lead to economic development 

and sustainable urbanization, as well as ameliorating climate change and restoring degraded 

ecosystems (European Commission, 2015). A recent report from IUCN laying out standards for NbS 

suggests that they could be used to provide food and water security and disaster risk reduction as 

well as climate change mitigation and adaptation (IUCN, 2020). Current definitions of NbS include this 

wide focus on a range of social and environmental issues (Table 1), and the European Commission 

has also suggested that NbS could be useful to support “green growth” and provide business 

opportunities (European Commission, 2015). 

 
categories that, in turn, influence attempts to shape it. Andreas Malm (2018) has recently called for a return to realism in critical 

studies of nature in social science and the humanities. While accepting his call, we disavow any ‘pure’ realism that avoids the 

social skein of language. 

2 Occasionally other terminology is used for the same purpose: In Dudley et al. (2010), the authors refer to “natural solutions” 

instead of NbS, but in all other respects the solutions put forward in that report appear analogous to NbS. See also Section 3. 



 

Table 1. Definitions of nature-based solutions. 

Source Definition 

(Balian et al., 2014, p. 5) “…[T]he use of nature in tackling challenges such as climate 

change, food security, water resources, or disaster risk 

management, encompassing a wider definition of how to preserve 

and use biodiversity in a sustainable manner.” 

(Cohen-Shacham et al., 

2016, p. xii) 

“…[A]ctions to protect, sustainably manage and restore natural or 

modified ecosystems that address societal challenges (e.g. climate 

change, food and water security or natural disasters) effectively and 

adaptively, simultaneously providing human well-being and 

biodiversity benefits.”  

(European Commission, 

2015, p. 24) 

“Nature-based solutions aim to help societies address a variety of 

environmental, social and economic challenges in sustainable 

ways. They are actions inspired by, supported by or copied from 

nature; both using and enhancing existing solutions to challenges, 

as well as exploring more novel solutions, for example, mimicking 

how non-human organisms and communities cope with 

environmental extremes.” 

(Seddon, Chausson, et al., 

2020, p. 2) 

“NbS involve working with and enhancing nature to help address 

societal challenges.” 

 

Numerous researchers have pointed out that NbS are not necessarily well-defined, and may 

have significant overlaps with other terms, including ecological engineering, green or blue 

infrastructure, the ecosystem approach, and ecosystem-based adaptation or mitigation (Eggermont et 

al., 2015; Kabisch et al., 2016; Faivre et al., 2017; Nesshöver et al., 2017; Pauleit et al., 2017). 

Therefore, some suggest viewing NbS as an “umbrella concept”, which “covers a whole range of 

ecosystem-related approaches all of which address societal challenges” (Cohen-Shacham et al., 

2016, p. 10; Pauleit et al., 2017). Perhaps because of these (overly) broad definitions, examples of 

NbS for climate change are various and differ greatly in scale. The European Commission (2015) has 



suggested 310 potential actions that could fit the criteria for NbS, ranging from reforestation, soil 

conservation, wetland management, and green roofs; others have suggested actions including 

preventing the loss of ecosystems that serve as climate sinks or restoring coastal ecosystems to 

protect from extreme weather (Eggermont et al., 2015; Faivre et al., 2017; Seddon, Chausson, et al., 

2020) 

 

Table 2. Nature-based solutions (NbS) vs. natural climate solutions (NCS). 

 

If NbS are sprawling and wide-ranging in their applicability, however, natural climate solutions (NCS) 

are more narrowly focused and tailored to a very specific problem: the need for climate change 

mitigation (see Table 2). Spearheaded by Griscom et al. (2017), NCS are intended to “increase 

carbon storage and avoid greenhouse gas emissions” via enhanced carbon sinks and other means 

(Fargione et al., 2018, p. 1). NCS have not been cited directly as adaptation tools, although climate 

resilience has been listed as one of the expected co-benefits of their development, along with flood 

control, increased biodiversity, and soil health (Griscom et al., 2017; Graves et al., 2020; Griscom et 

al., 2020). Examples of NCS are thus concentrated on those actions that are both considered 

“natural” and that lead to the greatest mitigation effects – Griscom et al. (2017) and Fargione et al. 

(2018) have compiled fairly comprehensive lists of approximately 20 examples of NCS, including 

reforestation, coastal restoration, biochar, and cropland nutrient management (see Table 3). 

 

Table 3. A non-exhaustive list of examples of nature-based solutions (NbS) and natural climate 

solutions (NCS). 

 Nature-based solutions (NbS) Natural climate solutions (NCS) 

Social and 

environmental 

challenges addressed 

Food and water security; climate 

change adaptation and mitigation; 

disaster risk management; flood 

control; economic growth 

Climate change mitigation (with 

associated co-benefits) 

Nature-based solutions (NbS)  Natural climate solutions (NCS) 



 

For both NbS and NCS, the “nature” of natural solutions remains somewhat ambiguous and in 

dispute. NbS and NCS generally involve some form of restoration, conservation, management, 

enhancement, or imitation of a natural ecosystem. But questions remain about the extent of 

management or enhancement that is acceptable for a solution to be considered “natural,” and the 

naturalness of that ecosystem in the first place (Potschin et al., 2016; Albert et al., 2017). Some 

authors have suggested categorizing NbS along a spectrum from “less engineered” to “more 

engineered” solutions (Cohen-Shacham et al., 2016; Eggermont et al., 2015). Under this system, 

Type 1 NbS are solutions that consist of no or minimal intervention in existing ecosystems; Type 2 

involve enhancing or diversifying existing ecosystems or agricultural lands, and Type 3 involve 

designing or managing entirely new ecosystems such as green roofs and walls (Eggermont et al., 

2015). But this typology is still quite broad, and leaves space for many types of hybrid solutions – an 

NbS may begin as a Type 3 solution but over time come to be seen as a Type 1.  

 Meanwhile, some solutions might qualify as natural under one framework, but not another 

(Nesshöver et al., 2017). Cohen-Shacham et al. (2016) wonder if, for example, an oil-palm plantation 

used for biofuel production, or manufactured technologies (such as wind turbines or solar panels) that 

make use of natural phenomena, should count as NbS. Others have asked whether genetically 

modified organisms should be considered as well, or automatically excluded (Nesshöver et al., 2017). 

Eggermont et al. (2015) argue that some solutions which seem “nature-based” should be excluded 

based on a lack of alignment with natural ecosystems: for example, green roofs which are made only 

of one or two species from different geographical distributions (see also Seddon, Chausson, et al., 

Afforestation; agroforestry; coastal 

management; restoration of floodplains; 

reforestation; forest protection; mangrove 

restoration; grassland management; soil 

conservation; green roofs; green walls; urban 

open spaces and reforestation; wind breaks, 

rainwater capture; wetland restoration; 

community gardens (Albert et al., 2017; 

Nesshöver et al., 2017) 

Reforestation; natural forest management; 

improved plantations biochar; cropland nutrient 

management; grassland restoration; tidal wetland 

restoration; peatland restoration; avoided woodfuel 

(Fargione et al., 2018; Griscom et al., 2017) 



2020). Indeed, the boundary between natural solutions and other types of solutions is not as sharp as 

it might originally seem, owing perhaps to the ambiguity and conceptual complexity of the idea of 

“nature” itself (Castree, 2005, 2014). 

 More often than not, natural solutions seem to be defined in opposition to other solutions – 

those that are either deliberately, tacitly or inadvertently labeled as “unnatural”. NCS and NbS are 

often described in contrast or as complements to more technological or “engineered” solutions, which 

are sometimes framed as being less desirable (see Section 3). For example, Eggermont et al. (2015, 

p. 243) contrast “technological strategies” – which are designed to be as simple and replicable as 

possible – with NbS, which involve sustainably managing “(socio-)ecological systems.” In the 

adaptation case, natural solutions such as mangrove or wetland restoration are contrasted with 

“conventional engineering” approaches, such as the building of sea walls or dikes (Depietri & 

McPhearson, 2017). In the mitigation case, NCS have been contrasted with emerging technologies 

for carbon removal, such as bioenergy with carbon capture and storage (BECCS) or direct air capture 

(Griscom et al., 2017; Fargione et al., 2018). But in some cases, again, the boundaries are not clear-

cut; for instance, biochar burial has been cited as a NCS (Griscom et al., 2017; Fargione et al., 2018), 

while BECCS has not, even though both involve enhancing an existing natural process (biomass 

growth) with items manufactured from nature (for biochar, pyrolysis plants, and for BECCS, power 

stations with carbon capture and storage).  

 In general, natural solutions are considered to be less engineered and less technological than 

other climate solutions – but the way in which those determinations are made may be highly flexible 

and variable. Beyond these definitional questions, however, it is also salient to examine the way that 

natural solutions are framed in a subset of the available literature, and the way that they are 

characterized under a range of social and technical criteria. In the following section, we systematically 

explore these framings, and through them how natural solutions can be presented (or contested) as 

an ostensibly preferable option for addressing the dangers of climate change. 

 

3. FRAMING “NATURAL SOLUTIONS” 

3.1 Review method 

We utilized a systematic strategy for screening and identifying relevant articles on “nature-based 

solutions” and “natural climate solutions” in primarily academic, but also some grey, literature. Using 



the Web of Knowledge electronic database, we conducted a search for English-language articles 

including “nature-based solutions” AND “climate change” OR “natural climate solutions” in the title. 

The resulting articles were screened for relevance – articles and book chapters that focused primarily 

on NbS or NCS in relation to climate change and included a substantive definition of the solutions 

under discussion were included. The Web of Knowledge search returned a total of 35 articles, of 

which 24 met the inclusion criteria; these articles were then supplemented with a Google Scholar 

search and a snowballing technique to identify frequently cited articles within academic and grey 

literature. This approach added 9 articles and reports, bringing the total number of works under review 

to 33. 

 For each article, we reported and tabulated its methodological approach, whether it focused 

primarily on NbS or NCS and climate adaptation or mitigation, its primary conclusions, and how NbS 

and NCS were framed within the piece. By the term ‘frames’, we mean the underlying assumptions 

that guide how the natural solutions in question were defined, depicted, or characterized in contrast to 

other potential solutions for adaptation and mitigation (Miller, 2000). In particular, we used established 

procedures for inductive, semantic, and realist thematic analysis to examine how NbS and NCS were 

described (their definitions), and what qualities they were depicted as having in contrast to more 

traditional or “engineered” solutions (Braun & Clarke, 2006). Following Stirling (2008), our interest in 

such qualities – as the outputs of applied technical and social appraisal criteria – arises from their 

power to ‘open up’ or ‘close down’ governance commitments in science and technology policy 

generally, and in climate change policy in particular (Bellamy et al., 2012). These frames were elicited 

primarily from the abstracts, introductions, and conclusions of the articles in question and reported in 

a comprehensive table (see Table 4). Finally, each paper was examined for the presence of 

reflexivity, or the transparent acknowledgement of ambiguities around the usage of “nature” and 

uncertainties around the ways in which their performances under different criteria were presented. 

 

Table 4. Nature-based solutions (NbS) and natural climate solutions (NCS) literature included 

in the review.3 

 
3 Eleven papers in the study sample focused exclusively on NCS and climate change mitigation; 22 focused on NbS, of which 9 

included adaptation and mitigation, and 13 more narrowly focused on NbS as adaptation-only. 

 Source Approach and 
methods 

Notes on framing and conclusions 



1 (Qin et al., 
2021) 

Simulation and 
analysis of the 
speed at which 
NCS can be 
deployed for 
climate change 
mitigation  

• Focuses on mitigation, NCS 

• Concludes that previous estimates of NCS mitigation 
potential may be overestimated due to temporal delays; 
categorizes and suggests ways to ameliorate these 
delays 

• Caveats framing of NCS as effective and available 
mitigation options due to potential delays 

2 (Fleischman 
et al., 2020) 

Perspective 
paper on the 
pitfalls of tree 
planting as an 
NCS  

• Focuses on mitigation, NCS 

• Concludes that tree plantations should not qualify as a 
NCS, owing to concerns over effectiveness, governance, 
and indigenous land rights 

• Argues that NCS are only effective if they respond to 
rural and indigenous needs; fast-growing trees should 
not be considered an NCS  

3 (Chausson et 
al., 2020) 

Systematic 
mapping 
evaluation of 
evidence 
around the 
effectiveness of 
NbS for climate 
change 
adaptation 

• Focuses on adaptation, NbS 

• Concludes that NbS interventions in natural or ‘semi-
natural’ ecosystems were effective; created ecosystems 
came with attendant trade-offs 

• Frames NbS through their co-benefits and ability to 
address multiple sustainable development goals; points 
to significant gaps in evidence base in comparing NbS 
and traditional solutions 

4 (Townsend et 
al., 2020) 

Editorial on the 
importance of 
indigenous 
peoples in 
implementing 
NbS 

• Focuses on mitigation (framed here as NbS) 

• Concludes that effective NbS for mitigation in Canada 
will require the cooperation and participation of 
indigenous peoples  

• Frames NbS through effectiveness in CO2 mitigation 

5 (Graves et al., 
2020) 

Simulation and 
analysis of the 
potential 
greenhouse 
gas reductions 
through NCS in 
Oregon, USA 

• Focuses on mitigation, NCS 

• Quantifies potential emissions reductions of NCS in 
Oregon by 2030 and 2050 

• Frames NCS as providing valuable co-benefits in 
addition to climate change mitigation 

6 (Jin et al., 
2020) 

Simulation and 
analysis of the 
role of forests in 
meeting 
China’s 
emissions 
targets 

• Focuses on adaptation, NbS 

• Estimates forests emissions reduction potential of China 
and determines current target sinks have not been met 

• Frames NbS briefly as providing co-benefits for flood 
control, food, medicine, etc. 

7 (DeLosRíos-
White et al., 
2020) 

Design of 
framework for 
implementation 
and 
development of 
NbS in urban 
environments  

• Focuses on adaptation, NbS 

• Develops a framework for the co-creation of NbS through 
stakeholder engagement  

• Frames NbS as cost-effective and participatory 
approaches for adapting urban and peri-urban 
ecosystems to climate change 

8 (Crusius, 
2020) 

Simulation and 
analysis of the 
role of NCS in 
keeping global 
warming below 
1.5 degrees C 

• Focuses on mitigation, NCS 

• Concludes that NCS can assist in mitigation efforts but 
that NCS interventions may not be permanent due to 
future climate or land-use changes 

• Frames NCS as rapidly deployable and effective 
solutions for mitigation, with caveats 

9 (Bossio et al., 
2020) 

Analysis of the 
role in soil 
carbon 

• Focuses on mitigation, NCS 

• Concludes that soil carbon represents 25% of the 
potential of global NCS 



sequestration in 
global NCS 

• Frames soil carbon sequestration as including positive 
co-benefits and requiring little additional land use 

10 (Griscom et 
al., 2020) 

Simulation and 
analysis of 
potential 
greenhouse 
gas reductions 
through NCS in 
all tropical 
countries 

• Focuses on mitigation, NCS 

• Concludes that cost-effective tropical NCS offer 
significant potential emissions reductions  

• Frames NCS as essential actions to reach Paris 
Agreement goals which include co-benefits for air, 
biodiversity, water, and soil 

11 (Macias-
Fauria et al., 
2020) 

Review and 
scoping 
exercise for 
megafaunal 
ecological 
engineering as 
a potential NCS 

• Focuses on mitigation, NCS 

• Concludes that a megafaunal NCS in the Arctic can bring 
income on carbon market but may be difficult to scale 

• Frames NCS as a way to simultaneously address both 
mitigation and biodiversity declines; suggests an 
approach for a “rewilding” version of NCS  

12 (Seddon, 
Chausson, et 
al., 2020) 

Review on the 
potential 
benefits and 
drawbacks of 
NbS for climate 
change 

• Focuses on adaptation and mitigation, NbS 

• Concludes that the potential of NbS to provide benefits 
and co-benefits has not been rigorously assessed; 
outlines barriers to NbS implementation 

• Frames NbS as having advantages over traditional 
negative emissions or adaptation solutions, but caveats 
these advantages depending on support of biodiversity 
and implementation by local communities 

13 (Wamsler, 
Wickenberg, 
et al., 2020) 

Applied 
participatory 
analysis of 
municipalities 
attempting to 
implement NbS 

• Focuses on adaptation, NbS 

• Concludes that NbS for climate adaptation governance 
requires more financial and human resources 

• Frames NbS through their provision of co-benefits; as 
challenging to implement due to the difficulty of 
navigating transdisciplinary structures 

14 (Wamsler, 
Alkan-Olsson, 
et al., 2020) 

Participatory 
analysis of 
Swedish 
municipalities 
attempting to 
implement NbS 

• Focuses on adaptation, NbS 

• Concludes that citizen engagement can hamper 
sustainable NbS outcomes under current conditions 

• Frames NbS through their use of ecosystem services 
and provision of co-benefits; questions common framing 
of NBS as supporting transdisciplinary governance 

15 (Kalt et al., 
2019) 

Simulation and 
analysis of the 
carbon savings 
of bioenergy vs 
NCS of natural 
succession 

• Focuses on mitigation, NCS 

• Concludes that natural succession is a competitive 
climate solution compared to bioenergy, but presents 
risks 

• Frames this NCS as low-cost and effective, with co-
benefits, but potentially not reliable in the long-term 

16 (Frantzeskaki 
et al., 2019) 

Co-production 
of synthesis 
statements on 
the role of NbS 
in urban 
contexts via a 
series of 
workshops  

• Focuses on adaptation, NbS 

• Suggests ways of advancing planning and knowledge 
agenda for NbS 

• Frames NbS as coming with associated co-benefits (and 
potential unintended consequences), argues they are 
complementary to technology-, cultural-, and behavior-
based solutions 

17 (Anderson et 
al., 2019) 

Perspective 
paper on the 
role of NCS in 
mitigation 
planning 

• Focuses on mitigation, NCS 

• Argues that NCS should not detract from a focus on 
decreasing emissions from energy and industry 

• Frames NCS as coming with significant co-benefits but 
also significant barriers 

18 (Griscom et 
al., 2017) 

Quantification 
and analysis of 
global 

• Focuses on mitigation, NCS 

• Concludes that NCS can provide 37% of cost-effective 
mitigation through 2030 



mitigation 
potential from 
NCS 

• Frames NCS as providing multiple co-benefits and as 
more cost-effective than carbon removal options such as 
bioenergy with carbon capture and storage 

19 (Fargione et 
al., 2018) 

Quantification 
and analysis of 
U.S. mitigation 
potential from 
NCS 

• Focuses on mitigation, NCS 

• Concludes NCS can provide maximum potential carbon 
storage of 21% of current U.S. emissions 

• Frames NCS as the most mature options for negative 
emissions as well as producing multiple co-benefits 

20 (Emilsson & 
Sang, 2017) 

Review on the 
role of NbS in 
ameliorating 
high 
temperatures in 
urban 
environments  

• Focuses on adaptation, NbS 

• Concludes that NbS can increase adaptive capacity and 
reduce climate impacts 

• Frames NbS as including co-benefits and as involving 
participatory creation and governance 

21 (Pauleit et al., 
2017) 

Literature 
review 
analyzing the 
relationship of 
NbS, 
ecosystem-
based 
adaptation, 
urban green 
infrastructure, 
and ecosystem 
services 

• Focuses on adapatation and mitigation, NbS 

• Concludes NbS is a ‘powerful metaphor’ which depends 
on related terms for uptake and definition 

• Frames NbS as a broad suite of solutions that address 
several policy objectives simultaneously 

22 (Depietri & 
McPhearson, 
2017) 

Analysis of 
case studies 
and lit review 
on the role of 
‘grey,’ ‘green,’ 
and ‘blue’ 
infrastructure in 
urban 
environments 

• Focuses on adaptation, NbS 

• Concludes that a ‘hybrid’ approach which combines NbS 
with traditional ‘grey’ infrastructural strategies is most 
effective 

• Frames NbS as more cost-effective, and with more co-
benefits, than ‘grey’ infrastructure, but with only medium 
resilience 

23 (Enzi et al., 
2017) 

Analysis of the 
microclimate 
and economic 
impact of NbS 
for buildings  

• Focuses on adaptation, NbS 

• Describes best practices for green roofs and green walls 
in building construction 

• Frames NbS for buildings as coming with co-benefits and 
as a business opportunity 

24 (Kabisch et 
al., 2016) 

Expert 
transdisciplinary 
workshop with 
representatives 
from research, 
cities, policy, 
and society 

• Focuses on adaptation and mitigation, NbS 

• Maps knowledge gaps, potential barriers, and 
opportunities around NbS; proposes NbS indicators 

• Frames NbS as coming with multiple co-benefits as well 
as being potentially more efficient and cost-effective than 
traditional approaches 

25 (Cohen-
Shacham et 
al., 2016) 

Report from the 
IUCN 
introducing 
definitional 
principles for 
NbS and 
multiple case 
studies 

• Focuses on adaptation and mitigation, NbS 

• Defines NbS and develops preliminary parameters to 
assess them along governance and ecological lines 

• Frames NbS as addressing societal challenges while 
providing associated co-benefits to humans and 
biodiversity 

26 (Calliari et al., 
2019) 

Proposal of 
assessment 
framework for 

• Focuses on adaptation, NbS 

• Presents ‘dynamic’ assessment framework for NbS to be 
applied ex ante to choose between traditional and NbS 



 

3.2 Findings 

3.2.1 Co-benefits 

The most dominant and extensive framing in the literature reviewed was that of co-benefits. 

Many of the articles under review framed NCS or NbS as coming with significant additional 

advantages for biodiversity or as providing ecosystem services that can support human health and 

NbS under a 
changing 
climate 

options 

• Frames NbS as cost-effective, providing co-benefits, and 
involving multi-stakeholder engagement  

27 (Seddon et 
al., 2021) 

Review paper 
developing 
guiding 
principles for 
the 
implementation 
and definition of 
NbS 

• Focuses on mitigation and adaptation, NbS 

• Argues that NbS should have benefits for biodiversity 
and indigenous/local communities, and that they are not 
a substitute for winding down fossil fuel use 

• Suggests that NbS should be more narrowly framed 
along 4 key guidelines, and that poorly designed NbS 
can have deleterious impacts  

28 (Potschin et 
al., 2016) 

Synthesis 
paper 
discussing 
definitions and 
frameworks for 
NbS 

• Focuses broadly on mitigation and adaptation, NbS 

• Concludes that there are many open questions about 
how to define and understand NbS 

• Frames NbS as similar to existing terminologies but 
focused more specifically on ‘solutions’ 

29 (Seddon, 
Sengupta, et 
al., 2020) 

Analysis of the 
inclusion of 
NbS in 
nationally 
determined 
contributions to 
the Paris 
Agreement 

• Focuses on adaptation, NbS 

• Concludes that intentions to deploy NbS vary widely and 
rarely translate into evidence-based targets 

• Frames NbS as a complement to ‘grey’ or ‘soft’ 
interventions for adaptation 

30 (Seddon et 
al., 2019) 

Comment paper 
critiquing 
narrow focus of 
NbS on tree 
plantations 

• Focuses on adaptation and mitigation, NbS 

• Argues that biodiversity should be a crucial component 
of evaluating and deploying NbS 

• Frames NbS as cost-effective and coming with co-
benefits, but only if they incorporate biodiversity  

31 (Frantzeskaki, 
2019) 

Analysis of NbS 
case studies in 
11 European 
cities 

• Focuses on adaptation, NbS 

• Concludes that NbS require local government trust, 
collaborative governance, and aesthetic appeal 

• Frames NbS as ‘superior’ to grey infrastructure, 
providing co-benefits, and requiring participatory 
governance 

32 (Nesshöver et 
al., 2017) 

Review paper 
analyzing NbS 
and similar 
concepts  

• Focuses on mitigation and adaptation, NbS 

• Concludes that NbS need to be placed into context with 
existing concepts, and developed via stakeholder 
engagement 

• Caveats framing of NbS as ‘cheap and easy’ and 
advises a moderation of expectations 

33 (Eggermont 
et al., 2015) 

Review paper 
presenting a 
typology, risks, 
and 
opportunities of 
NbS 

• Focuses on mitigation and adaptation, NbS 

• Argues that NbS can integrate science, policy and create 
biodiversity benefits 

• Frames NbS as providing ecosystem services and co-
benefits 



well-being. The concept of co-benefits, which has been used widely in literature on environmental 

management and climate policy, can be defined as the positive effects that a policy or measure has 

on human or environmental welfare in addition to its original purpose or goal (Mayrhofer & Gupta, 

2016). In papers on NCS, authors suggested that these solutions – such as avoided deforestation or 

the restoration of coastal habitats – could also enhance biodiversity, improve habitats, decrease air 

and water pollution, protect against extreme events, and increase soil fertility, thus providing more 

reason to accelerate their implementation (Griscom et al., 2017; Anderson et al., 2019; Bossio et al., 

2020; Graves et al., 2020; Macias-Fauria et al., 2020). Put another way, one of the co-benefits of 

natural solutions for climate mitigation is that those measures may also be useful for climate 

adaptation, and occasionally vice versa. Anderson et al. (2019, p. 934), for example, suggest that “the 

co-benefits of NCS may be more valuable than the carbon mitigation benefit” – which could render 

them a kind of no-regrets policy solution even if their mitigation potential is limited (Graves et al., 

2020). 

The “co-benefits” framing was also prevalent in the NbS literature under review (e.g., Cohen-

Shacham et al., 2016). Natural solutions for climate adaptation were cited as having co-benefits for 

biodiversity, ecosystem services, and for the well-being of local communities (Chausson et al., 2020; 

Kabisch et al., 2016). Cohen-Shacham et al. (2016) give the example of wetland restoration in the 

Miyagi prefecture of Japan, where conservation of wetlands increased biodiversity and also raised the 

incomes of local farmers. Others argue that green spaces in city environments – which alleviate urban 

heat island effects and thus ameliorate climate extremes – can also improve psychological well-being 

and reduce air pollution (Eggermont et al., 2015; Kabisch et al., 2016).   

  Implicit, and sometimes explicit, in the co-benefits framing was the belief that traditional – or 

what we might call “unnatural” – solutions have few benefits beyond their original purpose and could 

even cause negative externalities. In the case of NCS, for example, Griscom et al. (2017, p. 11647) 

contrast natural solutions with other solutions such as BECCS, arguing that large-scale BECCS “is 

likely to have significant impacts on water use, biodiversity, and other ecosystem services.” Some of 

the NbS papers under review take a similar position – Depietri and McPhearson (2017), for example, 

argue that while “green infrastructures” provide a wide swath of ecosystem services and co-benefits, 

“grey infrastructures” have limited or “low” co-benefits. The literature reviewed on NbS, however, also 

included caveats and occasional contestations of the co-benefits framing. Seddon et al. (2021), for 



example, argue that some solutions which may seem to be NbS (tree plantations for afforestation, for 

example), do not include significant biodiversity benefits and therefore should not be considered true 

nature-based solutions. Seddon et al. (2019, p. 85) point out that “high-level pledges for ‘nature’ tend 

to translate into targets for afforestation, often monocultures with non-native species, which can over 

the long term … negatively impact biodiversity and sustainable development in general”, thus eroding 

some potential NbS co-benefits. Others highlight the fact that NbS may come with potential 

drawbacks, including health risks (via allergies or infectious diseases) and the hampering of local 

incomes through occupying needed agricultural land. 

 

3.2.2 Cost-effectiveness 

 The second most prevalent framing in the literature reviewed on NbS and NCS was that of 

“cost-effectiveness”, particularly in comparison to traditional or engineered solutions. In the NCS 

literature reviewed, cost-effectiveness most often appeared in a highly quantified context (in keeping 

with the trend in NCS literature toward modelling analyses). For example, natural solutions in NCS 

literature were characterized as contributing significantly to the “cost-effective mitigation” (defined by 

Griscom et al. (2017) as less than $100 per metric ton of CO2 equivalent) required to limit global 

warming to 2 degrees Celsius (Griscom et al., 2017; Crusius, 2020; Griscom et al., 2020). On the NbS 

side, meanwhile, cost-effectiveness was primarily referred to in definitional terms, as a critical 

component of what makes a nature-based solution a nature-based solution (Kabisch et al., 2016; 

Pauleit et al., 2017; DeLosRíos-White et al., 2020). Authors drew from either the IUCN or European 

Commission definitions, articulating NbS as “cost-effective solutions to societal challenges” 

(DeLosRíos-White et al., 2020, p. 2), or as more cost-effective than “traditional” approaches (Kabisch 

et al., 2016; Depietri & McPhearson, 2017).  

  However, few NbS papers under review provided quantitative or other justifications for this 

cost-effective framing, instead appealing to general knowledge and provided definitions of “nature-

based solutions.” Those that more closely analysed this potential characteristic came to mixed 

conclusions: Seddon et al. (2020), for example, outline the challenges of estimating the holistic costs 

and benefits of NbS, including the relative timescales of costs and benefits, the difficulty of modeling 

associated co-benefits, and more. In a comprehensive analysis of NbS for adaptation, Chausson et 

al. (2020) note that only two studies examined included cost-benefit comparisons between NBS and 



engineered approaches. Multiple authors recommended further research on the cost-effectiveness 

question, emphasizing the need for a more sound evidence base to support deployment of NbS for 

adaptation (Kabisch et al., 2016; Chausson et al., 2020). 

 

3.2.3 Maturity/effectiveness 

In the literature under review, natural solutions were also frequently depicted as mature, 

effective, or readily deployable actions in contrast to more traditional solutions. This framing was 

especially prevalent in the literature on NCS, where natural solutions were contrasted with negative 

emissions technologies such as BECCS. (In contrast, it could be argued that engineered solutions for 

climate adaptation – such as sea walls or other “grey” infrastructures – have been more widely tested 

and widely used than their “natural” counterparts; see Seddon et al. (2020).) According to Griscom et 

al. (2017, p. 11647), land stewardship – which underlies most of the examples given of NCS – is the 

most mature carbon dioxide removal (CDR) option available to policymakers, and critiques negative 

emissions technologies that remain “decades from maturity”. Fargione et al. (2018, p. 1) similarly 

argue that natural solutions are mature “compared to nascent carbon capture technologies”, and Qin 

et al. (2021, p. 215) say that NCS have “consistently been promoted as one of the most effective, 

readily available mitigation options.”  

  This “maturity” framing of NCS, however, is still under contestation. While the claim that 

“natural” negative emissions technologies have been more thoroughly tested than more “speculative” 

technologies such as BECCS is not uncommon – (see for example Field & Mach, 2017) – it is not a 

consensus view across all potential NCS proposed. For example, in some analyses, measures that 

are considered NCS, such as biochar, have been rated as similar in readiness to “unnatural” solutions 

such as BECCS, direct air capture, or enhanced weathering (Minx et al., 2018). Some of the NCS 

literature under review also questioned the permanence or effectiveness of these solutions due to 

temporal considerations. Qin et al. (2021), for example, point to delayed action as a factor hindering 

the efficacy and uptake of NCS, while others highlighted the risks of climate change or future land 

disturbance causing a loss of carbon stocks (Kalt et al., 2019; Crusius, 2020). This effect was partly 

mirrored in the NbS literature, where several authors pointed to knowledge gaps in analysing their 

efficacy or miscommunication around the applicability of particular solutions. Tree-planting, for 

example, viewed as a critical NbS or NCS for mitigation, was critiqued by some papers under review 



as ineffective, particularly in the form of plantations or monocultures (Fleischman et al., 2020; Seddon 

et al., 2021). 

 

3.2.4 Governance 

 Natural solutions were also framed in the articles under review as requiring different patterns 

of governance than more engineered, or technical, climate solutions. Particularly in the literature on 

NbS, it was argued that natural solutions require multi-sectoral investment and leadership, as their 

management may cut across local and national governments and require cooperation and 

coordination from a mix of different stakeholders (Kabisch et al., 2016; Nesshöver et al., 2017; Calliari 

et al., 2019; Seddon, Chausson, et al., 2020). Some suggested that because NbS have the potential 

to connect local people with natural resources, the use of participatory processes and consultations is 

critically important (Nesshöver et al., 2017). Thus, in contrast to more engineered solutions – which 

are generally viewed as more technocratic interventions (Eggermont et al., 2015) – natural solutions 

were seen as requiring decentralized governance regimes and multidisciplinary approaches. 

Particularly in the case of urban environments, scholars argued that NbS require local governments to 

act in concert with local community groups, NGOs, and scientists (Frantzeskaki, 2019). Pauleit et al. 

(2017, p. 3), for example, argue that NbS should be distinguished from “more traditional and top-down 

conservation”, owing to its engagement with participatory processes of co-design and co-

management. This is part of a wider movement towards distributed governance and management 

other NbS-related concepts, such as ecosystem-based adaptation or green and blue infrastructure. 

Some have suggested that NbS may, in fact, facilitate, and not only make use of, the construction of 

broader and more decentralized management regimes, in which authority over natural resources is 

devolved to a wider range of actors (Seddon, Chausson, et al., 2020).4 

On the other hand, the NCS literature under review was largely silent about the possible 

governance requirements of natural solutions as alternatives to other negative emissions 

technologies. The exceptions were Fleischman et al. (2020) and Townsend et al. (2020) (the latter 

utilized the terminology of NbS but focused exclusively on climate mitigation). Both authors argued 

that existing natural solutions, particularly afforestation, have not sufficiently incorporated rural and 

 
4 There were a couple of notable exceptions to this trend in NbS literature reviewed -- one paper suggested that citizen 

engagement could actually hamper sustainable outcomes of urban NbS (Wamsler, Alkan-Olsson, et al., 2020). 



indigenous people in planning and management – thus undermining the effectiveness of the 

intervention (Fleischman et al., 2020; Townsend et al., 2020). 

 

3.2.5 Natural or “unnatural” solutions? 

Table 5 illustrates the primary appraisal framings of natural solutions to climate change that 

appeared in the literature reviewed, and (where applicable) how technological, alternative, or 

technological solutions were presented in contrast. In some cases, the contrast between “natural” and 

“unnatural” solutions was depicted explicitly (e.g., contrasting the maturity of NCS in comparison to 

BECCS); in other cases, the contrast was implicit, existing in the background of justifications for 

pursuing these particular solutions. The available literature on NbS, it should be noted, appeared to 

be more reflexive, including more extensive caveats and clarifications on these framings overall, while 

the NCS literature adopted many of these framings (especially co-benefits and maturity) as given. 

This may not be surprising given the early stage of NCS literature, which effectively began with the 

term’s coinage by Griscom et al. (2017). However, that was not always the case: The NbS literature 

examined also prominently “cost-effectiveness” as a justification for natural solutions, building on 

claims from the IUCN and European Commission, but included few critiques or detailed examinations 

of the relative cost of traditional vs. natural solutions. 

 

Table 5. Framings of natural solutions to climate change. 

 Natural solutions Unnatural solutions 

Co-benefits Many Few, or negative 

Cost Cost-effective Expensive 

Feasibility/maturity Already tested, mature Speculative 

Governance Decentralized Technocratic 

 

Few of the 33 papers reviewed were reflexive about the definition and inclusivity of the term 

“nature” and which solutions should count as “nature-based” or “natural” (notable exceptions include 

Eggermont et al., 2015; Nesshöver et al., 2017). Griscom et al. (2017), for example, simply 

characterize natural climate solutions as “conservation, restoration, and improved land management 

actions”, without further explication. Many works under review did not provide explanation for the 



inclusion of particular types of solutions which incorporate “nature” and the exclusion of others; 

although there was a growing awareness in the literature that some so-called “natural” solutions might 

in fact be poor for biodiversity and thus should be reconsidered for inclusion (Fleischman et al., 2020; 

Seddon, Chausson, et al., 2020). The most reflexive examination of NbS and NCS boundary-setting 

came from Nesshöver et al. (2017, p. 1220), who noted that “engaging in pluralistic reflection about 

alternative framings and conceptualizations” of natural solutions can be useful for setting expectations 

and, indeed, identifying NbS in the first place. 

These “unnatural” vs. “natural” distinctions among solutions could structure the way that 

policymakers respond to and understand the complexities of available climate policy options. In the 

following section, we discuss the theoretical and practical implications of these framings and how they 

may ultimately shape public and political responses to this select group of climate solutions.   

 

4. DISCUSSION 

4.1 ‘Nature’ in climate change solutions 

The concept of nature is both socially mediated and historically specific, even as it ostensibly 

signifies phenomena that exist regardless of how they are conceived. Nature can be seen as an 

external presence separate from human activity and society (essentially, the environment), as an 

internal quality (the nature of object, event or process), or as a universal and ubiquitous force that 

orders both humans and non-humans (Castree, 2005, 2014). These definitions of nature also inhabit 

particular realms of cultural thought: In Enlightenment thinking, for example, nature is a set of laws or 

physical processes that can be discovered, managed, and manipulated for human ends; in 

Romanticism, meanwhile, nature is external, pure, and pristine, and must be conserved and protected 

from human infringement (Macnaghten & Urry, 1998). This latter framing persists in parts of the 

environmental movement and in society at large: Nature is often seen as being intrinsically good, 

ideal, and in need of human protection. According to Williams (1983, p. 223), “one of the most 

powerful uses of nature, since the late 18th century, has been in this selective sense of goodness and 

innocence”.  This framing also renders nature a powerful political tool – according to Hansen (2006, p. 

813): “Invoking ‘nature’ serves to inoculate against criticism or further scrutiny and to invest partisan 

arguments and interests with moral or universal authority and legitimacy.”  



 Indeed, there is growing understanding that assigning a particular policy or action the label of 

“natural” can serve to elide other considerations and forms of analysis. By calling some actions 

“natural” – and implicitly dubbing others as “unnatural” – attention can be diverted from the actual 

qualities of a policy and replaced with a general sense of the “goodness” or “rightness” of such 

interventions (Hansen, 2006). The highly abstract semantics of ‘nature’ can subsume the important 

particularities of a policy or set of place-based interventions. For example, members of the public 

generally respond positively to products or measures that appear natural, and negatively to those that 

they perceive as unnatural – such as include genetically modified foods or some types of 

geoengineering (Corner et al., 2013; Hansen, 2006). That is why, some including Uggla (2010, p. 79), 

argue that: “Instead of searching for nature and the natural, we should view these concepts as 

political, and analyze the implications of particular definitions and their applications.”   

 Natural or nature-based solutions provide a particularly salient example of how the concept of 

“nature” can be leveraged for particular sociopolitical ends. NbS and NCS appear to be descended 

from two existing framings of “nature” that have become widespread in environmental policy and 

activism. The first is the Romantic idealism mentioned above, in which nature is considered pristine, 

good, and possessed of valuable extra-social qualities. The second is what Macnaghten and Urry 

(1998) call “environmental instrumentalism”, or the belief that nature should be protected, but for 

anthropocentric reasons – in order to attain particular individual or collective goods. These framings 

combine fruitfully with the longstanding view of climate change as a phenomenon that runs counter to 

nature. The environmental activist and writer Bill McKibben, for example, famously argued that 

climate change represented “the end of nature” – for him, the purity of wilderness was forever lost due 

to greenhouse gas emissions (McKibben, 1989). Against this backdrop, natural solutions promise to 

kill two birds with one stone. According to many scientists who encourage their use, they can restore 

individual ecosystems to more natural states, while simultaneously returning the climate system as a 

whole to a more natural and habitable state. 

  But the “naturalness” of natural solutions should be seen as political, and thus contestable. 

This is visible in some of the debates around what counts as a natural solution and what may not. 

Seddon, Chausson, et al. (2020), for example, suggest that non-native monocultures – although they 

may satisfy the definition of NbS broadly writ – would not come with the same benefits for ecosystem 

services as more ecologically and biodiversity-mindful interventions. Some climate solutions, 



meanwhile, particularly those related to geoengineering or CDR, have long been framed as tampering 

or messing with nature (Corner et al., 2013) – these options are mostly left out of the NbS and NCS 

typology, although some of them do have certain similarities with measures that are considered 

“natural”. Lingering questions about whether genetically modified organisms, or ecosystems created 

by humans, should count as natural solutions also show the slippage and flexibility of these definitions 

of nature. 

 

4.2 Natural solutions and their attendant framings 

Meanwhile, in many cases natural solutions are presented as explicit (and often, superior) 

alternatives to more technological, or engineered solutions; they are also often seen as relatively 

mature, low-cost, accompanied by substantive co-benefits, and governable in a more democratic, 

decentralized way. These framings – which may indeed be associated with some, or even many, 

natural solutions – are often described as universally applicable to all natural solutions. It would be 

wise, however, to unpick which of these framings are actually associated with the policy proposed, 

and which are piggybacking on the umbrella concept of “natural,” which is known to carry positive 

connotations and associations for the public and those in the environmental movement (Sjöberg, 

2000; Corner et al., 2013). Labeling a solution as “natural” should thus be seen as a way of 

highlighting some climate solutions – and imbuing them with particular value-laden frames of efficacy 

or maturity – while eliding or ignoring others. In turn, such frames serve to legitimize certain solutions 

while delegitimizing others, with political implications (Kreuter, 2021). The result may be a 

questionable binary choice between desirable “natural” solutions and undesirable solutions that are 

explicitly or implicitly labeled as “unnatural”. The danger is that by recasting climate solutions in this 

simplistic but powerful way, the range of policy options deemed attractive to policymakers will be 

significantly narrowed. This is problematic for at least three key reasons. 

First, natural solutions may not be as desirable as they might first appear. Much like the more 

traditional, solutions they have been framed in contrast with, their co-benefits may be 

counterbalanced by or even outweighed by negative impacts. Many natural solutions require 

significant amounts of land area, which may result in both direct and indirect land use changes, while 

at the same time risking livelihoods, biodiversity and food security. They may pose risks to human 

health through allergens and the spreading of infectious diseases (Nesshöver et al., 2017). What is 



more, even their main claimed benefits may be in doubt. Take, for example, the recent controversy 

surrounding estimates that afforestation alone could sequester 205 gigatonnes of carbon at maturity 

(Bastin et al., 2019), which has now been shown to be an estimate approximately five times too large 

(Veldman et al., 2019). Natural solutions may also be expensive. Biochar burial, for example, could 

cost up to $200 per tonne of carbon dioxide removed from the atmosphere. At best, cost estimates 

remain highly uncertain over long timescales and in modelling co-benefits (Seddon, Chausson, et al., 

2020). Natural solutions to climate change may also be far more immature and speculative than their 

advocates might like to admit. For example, wetland, peatland and coastal habitat restorations and 

biochar burial exist only at middle-to-low technology readiness levels of between 5-6 and 3-6, 

respectively (Royal Society and Royal Academy of Engineering, 2018). Compared to other, more 

technological, climate solutions, they are also subject to greater uncertainties around the monitoring, 

reporting and verification of greenhouse gas stocks and fluxes (ibid). Moreover, the governance of 

natural solutions to climate change may be just as open to technocratic forms of governance as their 

ostensibly “unnatural” counterparts. To illustrate, we need look no further than the top-down, 

centralized and technocratic environmental management regimes that are widely found in colonial 

and post-colonial tropical countries (Halik et al., 2018). 

Second, the narrowing of policy options deemed attractive to policymakers facilitated by the 

natural framing is potentially problematic because it deliberately, inadvertently or tacitly marginalizes 

alternative climate solutions. And just as natural climate solutions may turn out to not be as desirable 

as they first appear, those solutions tacitly labelled as ‘unnatural’ may transpire to be more desirable 

than they first appear. They too may have significant co-benefits. Compared to “natural” solutions they 

bring a greater permanence of stored carbon, economic diversification and more business 

opportunities, as well as opportunities for technology transfer (Minx et al., 2018). BECCS produces 

energy as well as fostering energy independence, while direct air capture requires very little land 

space and could have applications in indoor air quality improvements (ibid). Similarly, they may also 

be cost-effective. For example, the costs of building with biomass are negligible in most applications 

(McLaren, 2012). Low carbon concrete and enhanced weathering could cost as low as $50 per tonne 

of carbon dioxide removed from the atmosphere, and direct air capture could fall as low as $100 per 

tonne in the longer term (Royal Society and Royal Academy of Engineering, 2018). ‘Unnatural’ 

climate solutions may also be far more tested and mature than their critics might like to admit. 



According to one estimate, building with biomass, for example, exists at a high technology readiness 

level of 8-9 while BECCS, direct air capture, and low carbon concrete exist at middle-to-high 

technology readiness levels of 4-9, 4-7, and 6-7, respectively (ibid). The governance of unnatural 

solutions to climate change may also be just as open to decentralized forms of governance as their 

ostensibly natural counterparts. The literature on governance for CDR – natural and unnatural alike – 

is increasingly recognizing the need for decentralized approaches “from the ground up” (Bellamy & 

Geden, 2019), together with societally and geographically sensitive input on their designs (Bellamy, 

2018; Buck, 2018). 

Finally, the concept of “natural solutions” is not only bound up with these various qualities of 

climate solutions – it is also associated with the many meanings and social connotations carried by 

the label “natural”, including, as described above, concepts of goodness, rightness, or even 

innocence and purity. As one of us notes elsewhere (Castree, 2014, p. 9, 2021), “nature” can be 

thought of as a keyword that is “able to govern (i.e. steer or direct) not only our thinking but also a 

wide range of practices resulting therefrom.” The association of particular policies with the idea of 

“nature” may thus trigger a whole set of unconscious or unstated implications in the minds of 

policymakers, which could be mixed, occluded, and otherwise entangled with the characteristics of 

the solutions themselves. 

 

4.3 Recommendations and further research 

 The “natural” framing thus powerfully obscures such underlying ambiguities and uncertainties 

about the efficacy of different climate solutions. This risks creating an asymmetry in the way climate 

solutions are evaluated as policy options, whereby pre-given assumptions around aspects of 

performance render natural solutions subject to lower standards of approval or else more likely to be 

seen as optimal. This restricted representation – or unreflectiveness – threatens to unduly close down 

the range of options in climate policy. To avoid this, the framing of natural solutions must be 

“broadened out” to more diverse representations and “opened up” to critical reflection (Stirling, 2008), 

both in terms of their labelling and their substantive appraisal. 

 First, the labelling of climate solutions as “natural” must be recognized as a form of “boundary 

work”; the active process by which people define and delimit the contours of a social phenomenon 

(Gieryn, 1983). The selection of which climate solutions should be considered “natural” should 



therefore be seen as a political act, whereby particular solutions are elevated and or privileged over 

others. Therefore, instead of selecting policy options by their adherence to a “natural” label, 

policymakers and scientists should examine them for their particular characteristics alone, in context – 

thus broadening the range of potential policy options. 

 However, the manner in which those characteristics are judged and assessed should also be 

scrutinized. Appraisals of natural climate solutions must be recognized as “social processes through 

which knowledges are gathered and produced in order to inform decision making and wider 

institutional commitments” (Stirling et al., 2007, p. 1). The fact that appraisals are conditioned by 

social processes makes them susceptible to framing effects – the shaping of outcomes from the ways 

in which evaluators choose to organize and communicate their assessments. Key factors shaping the 

framing of appraisals include (but are by no means limited to): how problems are defined; what 

options are chosen; what criteria are selected; whose perspectives are included; how ambiguities and 

uncertainties are conveyed; and what methods are used. We have already seen how defining the 

problem as one to be solved by natural solutions forecloses alternatives, thereby limiting the range of 

options included in appraisals to only those that fit the narrow formulation of a “natural” solution. The 

criteria used to evaluate the options are similarly restricted to four mainly technical considerations: 

risks and benefits, costs, feasibility and governance. Accordingly, the perspectives included and 

methods employed have been predominantly technical in nature, such as computational modelling 

and economics. Ambiguities and uncertainties have been routinely downplayed, presenting natural 

solutions as unproblematically more beneficial, cheaper, mature, and decentralized. In short, existing 

appraisals of natural solutions use overly narrow and closed framings that marginalize alternative 

options, disregard social criteria, exclude diverse forms of expertise, employ reductive methods, and 

downplay incertitude. These framings serve to make natural solutions appear to be the optimal 

choice. 

  The problem is, of course, that natural solutions may only appear to be optimal under the 

narrow set of framings upon which their apparent optimality is based. To engender more robust forms 

of decision making, the inputs to appraisals of natural solutions must be broadened out and their 

outputs must be opened up. To the incumbent technical criteria, we can highlight a plethora of more 

social criteria that have been largely absent from appraisals thus far, including political, cultural, and 

ethical dimensions. To facilitate this expansion of considerations the range of perspectives must be 



also expanded to include participation from the social sciences and humanities, as well as wider 

stakeholders and the public. In turn, this requires more reflexive methods of appraisal be utilized, 

ones that are able to accommodate diverse framings and represent ambiguities and uncertainties. A 

number of such appraisal methods are available, including Q-method, scenarios workshops, open 

space, multi-criteria mapping and deliberative mapping, some of which have already been deployed in 

relation to NCS; although much like the conversation on NCS governance, have taken place in the 

CDR and/or climate geoengineering literature (Bellamy et al., 2013; Cairns & Stirling, 2014; Bellamy 

et al., 2016). Accordingly, instead of leading to unitary and prescriptive policy recommendations that 

promote more research and investment into particular solutions that appear preferable under narrow 

framings, this would lead to plural and conditional recommendations that are candid about the 

framings under which the solutions perform (Stirling, 2008). It may well be wise, in this context, to 

abandon the meta-distinction between natural and unnatural solutions altogether. 

 Moreover, this review has focused on the portrayal and framing of natural solutions for climate 

change in a (largely academic) systematically selected subset of the available literature; future 

research should examine the prevalence of these frames in a larger set of grey literature, in which a 

substantial amount of NbS/NCS research and commentary takes place – examining the level of 

reflexivity around definitions of “natural”, acceptance (or contestation) of dominant characteristics and 

justifications for natural solutions, and any other frames that may emerge. There is also a need to 

examine the discourse around natural solutions with respect to prominent actors and interests 

advocating their use; NbS and NCS can be seen as a way to elevate conservation goals within the 

focus on climate change, thus maintaining attention and (potentially) funding. Future researchers 

should undertake empirical work to understand the role of these actors and networks in facilitating the 

research and development of NbS in relationship to other climate solutions. 

 

Conclusion 

Recent interest in natural solutions to climate change is part of a longer history in policymaking 

around “natural”, “nature-based”, or “ecosystem-based” solutions for mitigation and adaptation, dating 

back to the rise of ecosystem services scholarship in the 1980s. Natural solutions to climate change 

come in two distinct yet interconnected types: NbS and NCS. NbS is often used as an umbrella 

concept and is broader in scope, including mitigation and adaptation strategies, while NCS is much 



narrower, concerning the reduction or removal of carbon dioxide in the atmosphere only. The nature 

of both types of natural solution is ambiguous and contested, however, with various different attempts 

at demarcating where the lines should be drawn on what constitutes a natural intervention and what is 

instead unnatural. A suite of attendant framings come with these demarcations in the appraisal of 

climate solutions, with natural policy options seen as more beneficial, cost effective, mature, and 

decentralized than their unnatural counterparts. 

  The definition and framing of natural solutions to climate change can be explained by the 

persistence and prevalence of the Romantic view in which nature is seen at some level as still 

external, pure, and pristine, and in need of conservation and protection from human activities. And 

yet, the nature of natural solutions is not so clear cut – nature is socially constructed in discourse and 

imbued with sociopolitical associations. The result – or rather risk - therefore is a false binary choice 

between ostensibly natural and ostensibly unnatural solutions. What is more, the naturalness of a 

solution is well known to be a significant predictor of positive public opinion. The danger is that the 

range of policy options deemed attractive to policymakers will be significantly narrowed. This is 

problematic because 1) upon closer scrutiny natural solutions may not be as desirable as they first 

appear, and 2) unnatural solutions which may be more desirable than they first appear are 

marginalized. To avoid this, we call for researchers and policymakers to resist the presently narrow 

conceptualizations of natural solutions and instead embrace more open understandings of nature. In 

parallel, we recommend that the framing of appraisals of natural solutions be broadened out and 

opened up to diversity and reflexivity. Indeed, idealistic though it is, it may be advisable to dispense 

with the concept of nature entirely when considering environmental management in the 21st century, 

at least at the global scale. It is too abstract and, despite its semantic complexities, of limited use if we 

are to understand a thoroughly hybrid Anthropocene reality. 

 

Funding 

Mapping Assessments of Negative Emissions (MANE), University of Manchester Presidential 

Fellowship Award 

 

References 



Albert, C., Spangenberg, J. H., & Schröter, B. (2017). Nature-based solutions: Criteria. Nature, 

543(7645), 315–315. https://doi.org/10.1038/543315b 

Anderson, C. M., DeFries, R. S., Litterman, R., Matson, P. A., Nepstad, D. C., Pacala, S., 

Schlesinger, W. H., Shaw, M. R., Smith, P., Weber, C., & Field, C. B. (2019). Natural 

climate solutions are not enough. Science, 363(6430), 933–934. 

https://doi.org/10.1126/science.aaw2741 

Bastin, J.-F., Finegold, Y., Garcia, C., Mollicone, D., Rezende, M., Routh, D., Zohner, C. M., & 

Crowther, T. W. (2019). The global tree restoration potential. Science, 365(6448), 76–79. 

https://doi.org/10.1126/science.aax0848 

Bellamy, R. (2018). Incentivize negative emissions responsibly. Nature Energy, 3(7), 532–534. 

https://doi.org/10.1038/s41560-018-0156-6 

Bellamy, R., Chilvers, J., & Vaughan, N. E. (2016). Deliberative Mapping of options for tackling 

climate change: Citizens and specialists ‘open up’ appraisal of geoengineering. Public 

Understanding of Science, 25(3), 269–286. https://doi.org/10.1177/0963662514548628 

Bellamy, R., Chilvers, J., Vaughan, N. E., & Lenton, T. M. (2012). A review of climate 

geoengineering appraisals. WIREs Climate Change, 3(6), 597 – 615. 

https://doi.org/10.1002/wcc.197 

Bellamy, R., Chilvers, J., Vaughan, N. E., & Lenton, T. M. (2013). ‘Opening up’ geoengineering 

appraisal: Multi-Criteria Mapping of options for tackling climate change. Global 

Environmental Change, 23(5), 926–937. https://doi.org/10.1016/j.gloenvcha.2013.07.011 

Bellamy, R., & Geden, O. (2019). Govern CO 2 removal from the ground up. Nature Geoscience, 

12(11), 874–876. https://doi.org/10.1038/s41561-019-0475-7 

Bellamy, R., & Osaka, S. (2020). Unnatural climate solutions? Nature Climate Change, 10(2), 

98–99. https://doi.org/10.1038/s41558-019-0661-z 

Bossio, D. A., Cook-Patton, S. C., Ellis, P. W., Fargione, J., Sanderman, J., Smith, P., Wood, S., 

Zomer, R. J., von Unger, M., Emmer, I. M., & Griscom, B. W. (2020). The role of soil 

carbon in natural climate solutions. Nature Sustainability, 3(5), 391–398. 

https://doi.org/10.1038/s41893-020-0491-z 

Buck, H. J. (2018). The politics of negative emissions technologies and decarbonization in 

rural communities. Global Sustainability, 1. https://doi.org/10.1017/sus.2018.2 



Braun, V. & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in 

Psychology, 3, 77 – 101. https://doi.org/10.1191/1478088706qp063oa 

Cairns, R., & Stirling, A. (2014). ‘Maintaining planetary systems’ or ‘concentrating global 

power?’ High stakes in contending framings of climate geoengineering. Global 

Environmental Change, 28, 25–38. https://doi.org/10.1016/j.gloenvcha.2014.04.005 

Calliari, E., Staccione, A., & Mysiak, J. (2019). An assessment framework for climate-proof 

nature-based solutions. Science of The Total Environment, 656, 691–700. 

https://doi.org/10.1016/j.scitotenv.2018.11.341 

Carrington, D. (2019, September 19). Greta Thunberg: ‘We are ignoring natural climate 

solutions.’ The Guardian. https://www.theguardian.com/environment/2019/sep/19/greta-

thunberg-we-are-ignoring-natural-climate-solutions 

Castree, N. (2005). Nature. Routledge. http://www.loc.gov/catdir/toc/ecip0422/2004020984.html 

Castree, N. (2014). Making sense of nature: Representation, politics and democracy. 

Routledge. 

Castree, N. (2021). Framing, deframing and reframing the Anthropocene. Ambio. 

https://doi.org/10.1007/s13280-020-01437-2 

Chausson, A., Turner, B., Seddon, D., Chabaneix, N., Girardin, C. A. J., Kapos, V., Key, I., Roe, 

D., Smith, A., Woroniecki, S., & Seddon, N. (2020). Mapping the effectiveness of nature-

based solutions for climate change adaptation. Global Change Biology, 26(11), 6134–

6155. https://doi.org/10.1111/gcb.15310 

Cohen-Shacham, E., Walters, G., Janzen, C., & Maginnis, S. (2016). Nature-based solutions to 

address global societal challenges (p. 97). IUCN International Union for Conservation 

of Nature. https://doi.org/10.2305/IUCN.CH.2016.13.en 

Corner, A., Parkhill, K., Pidgeon, N., & Vaughan, N. E. (2013). Messing with nature? Exploring 

public perceptions of geoengineering in the UK. Global Environmental Change, 23(5), 

938–947. https://doi.org/10.1016/j.gloenvcha.2013.06.002 

Crusius, J. (2020). “Natural” Climate Solutions Could Speed Up Mitigation, With Risks. 

Additional Options Are Needed. Earth’s Future, 8(4), e2019EF001310. 

https://doi.org/10.1029/2019EF001310 



Daily, G. C. (1997). Nature’s services: Societal dependence on natural ecosystems. Island 

Press. 

DeLosRíos-White, M. I., Roebeling, P., Valente, S., & Vaittinen, I. (2020). Mapping the Life Cycle 

Co-Creation Process of Nature-Based Solutions for Urban Climate Change Adaptation. 

Resources, 9(4), 39. https://doi.org/10.3390/resources9040039 

Depietri, Y., & McPhearson, T. (2017). Integrating the grey, green, and blue in cities: Nature-

based solutions for climate change adaptation and risk reduction. In N. Kabisch, H. 

Korn, J. Stadler, & A. Bonn (Eds.), Nature-based solutions to climate change 

adaptation in urban areas: Linkages between science, policy and practice. 

SpringerOpen. http://link.springer.com/10.1007/978-3-319-56091-5 

Dudley, N. (Ed.). (2010). Natural solutions: Protected areas helping people cope with climate 

change. IUCN-WCPA, TNC, UNDP, WCS, The World Band and WWF. 

Eggermont, H., Balian, E., Azevedo, J. M. N., Beumer, V., Brodin, T., Claudet, J., Fady, B., 

Grube, M., Keune, H., Lamarque, P., Reuter, K., Smith, M., van Ham, C., Weisser, W. W., 

& Roux, X. L. (2015). Nature-based Solutions: New Influence for Environmental 

Management and Research in Europe. Gaia; Munich, 24(4), 243–248. 

http://dx.doi.org/10.14512/gaia.24.4.9 

Ehrlich, P. R., & Mooney, H. A. (1983). Extinction, Substitution, and Ecosystem Services. 

BioScience, 33(4), 248–254. https://doi.org/10.2307/1309037 

Emilsson, T., & Sang, \AAsa Ode. (2017). Impacts of climate change on urban areas and 

nature-based solutions for adaptation. In Nature-Based Solutions to Climate Change 

Adaptation in Urban Areas (pp. 15–27). Springer, Cham. 

Enzi, V., Cameron, B., Dezsényi, P., Gedge, D., Mann, G., & Pitha, U. (2017). Nature-Based 

Solutions and Buildings – The Power of Surfaces to Help Cities Adapt to Climate 

Change and to Deliver Biodiversity (pp. 159–183). https://doi.org/10.1007/978-3-319-

56091-5_10 

European Commission. (2015). Towards an EU research and innovation policy agenda for 

nature-based solutions & re-naturing cities: Final report of the Horizon 2020 expert 

group on “Nature-based solutions and re-naturing cities.” Publications Office of the 

European Union. http://dx.publications.europa.eu/10.2777/765301 



Faivre, N., Fritz, M., Freitas, T., de Boissezon, B., & Vandewoestijne, S. (2017). Nature-Based 

Solutions in the EU: Innovating with nature to address social, economic and 

environmental challenges. Environmental Research, 159, 509–518. 

https://doi.org/10.1016/j.envres.2017.08.032 

Fargione, J. E., Bassett, S., Boucher, T., Bridgham, S. D., Conant, R. T., Cook-Patton, S. C., 

Ellis, P. W., Falcucci, A., Fourqurean, J. W., Gopalakrishna, T., Gu, H., Henderson, B., 

Hurteau, M. D., Kroeger, K. D., Kroeger, T., Lark, T. J., Leavitt, S. M., Lomax, G., 

McDonald, R. I., … Griscom, B. W. (2018). Natural climate solutions for the United 

States. Science Advances, 4(11), eaat1869. https://doi.org/10.1126/sciadv.aat1869 

Field, C. B., & Mach, K. J. (2017). Rightsizing carbon dioxide removal. Science, 356(6339), 706–

707. https://doi.org/10.1126/science.aam9726 

Fleischman, F., Basant, S., Chhatre, A., Coleman, E. A., Fischer, H. W., Gupta, D., Güneralp, B., 

Kashwan, P., Khatri, D., Muscarella, R., Powers, J. S., Ramprasad, V., Rana, P., 

Solorzano, C. R., & Veldman, J. W. (2020). Pitfalls of Tree Planting Show Why We Need 

People-Centered Natural Climate Solutions. BioScience, biaa094. 

https://doi.org/10.1093/biosci/biaa094 

Frantzeskaki, N. (2019). Seven lessons for planning nature-based solutions in cities. 

Environmental Science & Policy, 93, 101–111. 

https://doi.org/10.1016/j.envsci.2018.12.033 

Frantzeskaki, N., McPhearson, T., Collier, M. J., Kendal, D., Bulkeley, H., Dumitru, A., Walsh, C., 

Noble, K., van Wyk, E., Ordóñez, C., Oke, C., & Pintér, L. (2019). Nature-Based Solutions 

for Urban Climate Change Adaptation: Linking Science, Policy, and Practice 

Communities for Evidence-Based Decision-Making. BioScience, 69(6), 455–466. 

https://doi.org/10.1093/biosci/biz042 

Gieryn, T. (1983). Boundary-Work and the Demarcation of Science from Non-Science: Strains 

and Interests in Professional Ideologies of Scientists. American Sociological Review, 

48(6), 781–795. https://doi.org/10.2307/2095325 

Graves, R. A., Haugo, R. D., Holz, A., Nielsen-Pincus, M., Jones, A., Kellogg, B., Macdonald, C., 

Popper, K., & Schindel, M. (2020). Potential greenhouse gas reductions from Natural 



Climate Solutions in Oregon, USA. PLOS ONE, 15(4), e0230424. 

https://doi.org/10.1371/journal.pone.0230424 

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

W. H., Shoch, D., Siikamäki, J. V., Smith, P., Woodbury, P., Zganjar, C., Blackman, A., 

Campari, J., Conant, R. T., Delgado, C., Elias, P., Gopalakrishna, T., Hamsik, M. R., … 

Fargione, J. (2017). Natural climate solutions. Proceedings of the National Academy of 

Sciences, 114(44), 11645–11650. https://doi.org/10.1073/pnas.1710465114 

Griscom, B. W., Busch, J., Cook-Patton, S. C., Ellis, P. W., Funk, J., Leavitt, S. M., Lomax, G., 

Turner, W. R., Chapman, M., Engelmann, J., Gurwick, N. P., Landis, E., Lawrence, D., 

Malhi, Y., Schindler Murray, L., Navarrete, D., Roe, S., Scull, S., Smith, P., … 

Worthington, T. (2020). National mitigation potential from natural climate solutions in 

the tropics. Philosophical Transactions of the Royal Society B: Biological Sciences, 

375(1794), 20190126. https://doi.org/10.1098/rstb.2019.0126 

Halik, A., Verweij, M., & Schlüter, A. (2018). How Marine Protected Areas Are Governed: A 

Cultural Theory Perspective. Sustainability, 10(1), 252. 

https://doi.org/10.3390/su10010252 

Hansen, A. (2006). Tampering with nature: ‘Nature’ and the ‘natural’ in media coverage of 

genetics and biotechnology. Media, Culture & Society, 28(6), 811–834. 

https://doi.org/10.1177/0163443706067026 

Hinchliffe, S. (2007). Geographies of nature: Societies, environments, ecologies. Sage 

Publications. 

IUCN. (2020). Global Standard for Nature-based Solutions: A user-friendly framework for the 

verification, design and scaling up of NbS. https://portals.iucn.org/library/node/49070 

IUCN (International Union for the Conservation of Nature). (2009). No time to lose: Make full 

use of nature-based solutions in the post-2012 climate change regime. Fifteenth 

session of the Conference of the Parties to the United Nations Framework Convention 

on Climate Change (COP 15), Gland, Switzerland. 

https://www.iucn.org/sites/dev/files/import/downloads/iucn_position_paper_unfccc_co

p_15.pdf 



Jin, L., Yi, Y., & Xu, J. (2020). Forest carbon sequestration and China’s potential: The rise of a 

nature-based solution for climate change mitigation. China Economic Journal, 13(2), 

200–222. https://doi.org/10.1080/17538963.2020.1754606 

Kabisch, N., Frantzeskaki, N., Pauleit, S., Naumann, S., Davis, M., Artmann, M., Haase, D., 

Knapp, S., Korn, H., Stadler, J., Zaunberger, K., & Bonn, A. (2016). Nature-based 

solutions to climate change mitigation and adaptation in urban areas: Perspectives on 

indicators, knowledge gaps, barriers, and opportunities for action. Ecology and 

Society, 21(2). https://doi.org/10.5751/ES-08373-210239 

Kalt, G., Mayer, A., Theurl, M. C., Lauk, C., Erb, K.-H., & Haberl, H. (2019). Natural climate 

solutions versus bioenergy: Can carbon benefits of natural succession compete with 

bioenergy from short rotation coppice? GCB Bioenergy, 11(11), 1283–1297. 

https://doi.org/10.1111/gcbb.12626 

Kreuter, J. (2021). Climate engineering as an instance of politicization: Talking tomorrow’s 

technology—framing political choice? Springer: Cham, Switzerland. 

Latour, B. (2004). Politics of nature: How to bring the sciences into democracy. Harvard 

University Press. 

Lele, S., Springate-Baginski, O., Lakerveld, R., Deb, D., & Dash, P. (2013). Ecosystem Services: 

Origins, Contributions, Pitfalls, and Alternatives. Conservation and Society, 11(4), 343. 

https://doi.org/10.4103/0972-4923.125752 

Macias-Fauria, M., Jepson, P., Zimov, N., & Malhi, Y. (2020). Pleistocene Arctic megafaunal 

ecological engineering as a natural climate solution? Philosophical Transactions of the 

Royal Society B: Biological Sciences, 375(1794), 20190122. 

https://doi.org/10.1098/rstb.2019.0122 

MacKinnon, K., & Hickey, V. (2009). Nature-based solutions to climate change. Oryx, 43(1), 15–

16. https://doi.org/10.1017/S0030605308431046 

MacKinnon, K., Sobrevila, C., & Hickey, V. (2008). Biodiversity, climate change and adaptation: 

Nature-based solutions from the Word Bank portfolio. The World Bank. 

http://documents.worldbank.org/curated/en/149141468320661795/pdf/467260WP0REPL

A1sity1Sept020081final.pdf 

Macnaghten, P., & Urry, J. (1998). Contested natures. SAGE Publications. 



Malm, A. (2018). The Progress of This Storm: Nature and Society in a Warming World. Verso 

Books. 

Mayrhofer, J. P., & Gupta, J. (2016). The science and politics of co-benefits in climate policy. 

Environmental Science & Policy, 57, 22–30. https://doi.org/10.1016/j.envsci.2015.11.005 

McKibben, B. (1989). The end of nature. Anchor Books. 

McLaren, D. (2012). A comparative global assessment of potential negative emissions 

technologies. Process Safety and Environmental Protection, 90(6), 489–500. 

https://doi.org/10.1016/j.psep.2012.10.005 

Millennium Ecosystem Assessment (Ed.). (2005). Ecosystems and human well-being: 

Synthesis. Island Press. 

Miller, C. (2000). The dynamics of framing environmental values and policy: Four models of 

societal processes. Environmental Values, 9(2), 211 – 233. 

https://www.jstor.org/stable/30301731 

Minx, J. C., Lamb, W. F., Callaghan, M. W., Fuss, S., Hilaire, J., Creutzig, F., Amann, T., 

Beringer, T., Garcia, W. de O., Hartmann, J., Khanna, T., Lenzi, D., Luderer, G., Nemet, 

G. F., Rogelj, J., Smith, P., Vicente, J. L. V., Wilcox, J., & Dominguez, M. del M. Z. (2018). 

Negative emissions—Part 1: Research landscape and synthesis. Environmental 

Research Letters, 13(6), 063001. https://doi.org/10.1088/1748-9326/aabf9b 

Nesshöver, C., Assmuth, T., Irvine, K. N., Rusch, G. M., Waylen, K. A., Delbaere, B., Haase, D., 

Jones-Walters, L., Keune, H., Kovacs, E., Krauze, K., Külvik, M., Rey, F., van Dijk, J., 

Vistad, O. I., Wilkinson, M. E., & Wittmer, H. (2017). The science, policy and practice of 

nature-based solutions: An interdisciplinary perspective. Science of the Total 

Environment, 579, 1215–1227. https://doi.org/10.1016/j.scitotenv.2016.11.106 

Pauleit, S., Zölch, T., Hansen, R., Randrup, T. B., & van den Bosch, C. K. (2017). Nature-based 

solutions and climate change–four shades of green. In N. Kabisch, H. Korn, J. Stadler, 

& A. Bonn (Eds.), Nature-Based Solutions to Climate Change Adaptation in Urban 

Areas (pp. 29–49). Springer, Cham. 

Potschin, M., Kretsch, C., Haines-Young, R., Furman, E., & Baró, F. (2016). Nature-Based 

Solutions. 



Qin, Z., Griscom, B., Huang, Y., Yuan, W., Chen, X., Dong, W., Li, T., Sanderman, J., Smith, P., 

Wang, F., & Yang, S. (2021). Delayed impact of natural climate solutions. Global 

Change Biology, 27(2), 215–217. https://doi.org/10.1111/gcb.15413 

Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin Iii, F. S., Lambin, E. F., Lenton, T. M., 

Scheffer, M., Folke, C., Schellnhuber, H. J., Nykvist, B., de Wit, C. A., Hughes, T., van 

der Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P. K., Costanza, R., Svedin, U., … Foley, J. 

A. (2009). A safe operating space for humanity. Nature, 461, 472–475. 

https://doi.org/10.1038/461472a 

Royal Society and Royal Academy of Engineering. (2018). Greenhouse gas removal. 

https://royalsociety.org/-/media/policy/projects/greenhouse-gas-removal/royal-society-

greenhouse-gas-removal-report-2018.pdf 

Seddon, N., Chausson, A., Berry, P., Girardin, C. A. J., Smith, A., & Turner, B. (2020). 

Understanding the value and limits of nature-based solutions to climate change and 

other global challenges. Philosophical Transactions of the Royal Society B: Biological 

Sciences, 375(1794), 20190120. https://doi.org/10.1098/rstb.2019.0120 

Seddon, N., Sengupta, S., García-Espinosa, M., Hauler, I., Herr, D., & Rizvi, A. R. (2020). Nature-

based solutions in Nationally Determined Contributions. 62. 

Seddon, N., Smith, A., Smith, P., Key, I., Chausson, A., Girardin, C., House, J., Srivastava, S., & 

Turner, B. (2021). Getting the message right on nature-based solutions to climate 

change. Global Change Biology, n/a(n/a). https://doi.org/10.1111/gcb.15513 

Seddon, N., Turner, B., Berry, P., Chausson, A., & Girardin, C. A. J. (2019). Grounding nature-

based climate solutions in sound biodiversity science. Nature Climate Change, 9(2), 

84–87. https://doi.org/10.1038/s41558-019-0405-0 

Sjöberg, L. (2000). Perceived risk and tampering with nature. Journal of Risk Research, 3(4), 

353–367. https://doi.org/10.1080/13669870050132568 

Stirling, A. (2008). “Opening Up” and “Closing Down”: Power, Participation, and Pluralism in 

the Social Appraisal of Technology. Science, Technology, & Human Values, 33(2), 262–

294. https://doi.org/10.1177/0162243907311265 



Stirling, A., Leach, M., Mehta, L., Scoones, I., Smith, A., Stagl, S., & Thompson, J. (2007). 

Empowering Designs: Towards more progressive social appraisal of sustainability. 

STEPS Centre. https://opendocs.ids.ac.uk/opendocs/handle/20.500.12413/2473 

Townsend, J., Moola, F., & Craig, M.-K. (2020). Indigenous Peoples are critical to the success 

of nature-based solutions to climate change. FACETS. https://doi.org/10.1139/facets-

2019-0058 

Uggla, Y. (2010). What is this thing called “natural”? The nature-culture divide in climate 

change and biodiversity policy. Journal of Political Ecology, 17(1), 79–90. 

https://doi.org/10.2458/v17i1.21701 

Veldman, J. W., Aleman, J. C., Alvarado, S. T., Anderson, T. M., Archibald, S., Bond, W. J., 

Boutton, T. W., Buchmann, N., Buisson, E., Canadell, J. G., Dechoum, M. de S., Diaz-

Toribio, M. H., Durigan, G., Ewel, J. J., Fernandes, G. W., Fidelis, A., Fleischman, F., 

Good, S. P., Griffith, D. M., … Zaloumis, N. P. (2019). Comment on “The global tree 

restoration potential.” Science, 366(6463). https://doi.org/10.1126/science.aay7976 

Wamsler, C., Alkan-Olsson, J., Björn, H., Falck, H., Hanson, H., Oskarsson, T., Simonsson, E., 

& Zelmerlow, F. (2020). Beyond participation: When citizen engagement leads to 

undesirable outcomes for nature-based solutions and climate change adaptation. 

Climatic Change, 158(2), 235–254. https://doi.org/10.1007/s10584-019-02557-9 

Wamsler, C., Wickenberg, B., Hanson, H., Alkan Olsson, J., Stålhammar, S., Björn, H., Falck, H., 

Gerell, D., Oskarsson, T., Simonsson, E., Torffvit, F., & Zelmerlow, F. (2020). 

Environmental and climate policy integration: Targeted strategies for overcoming 

barriers to nature-based solutions and climate change adaptation. Journal of Cleaner 

Production, 247, 119154. https://doi.org/10.1016/j.jclepro.2019.119154 

Williams, R. (1983). Keywords: A vocabulary of culture and society (Flamingo ed., 

rev.expanded.). Fontana Paperbacks. 


