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To limit global warming to well below 2°C, immediate emissions reductions must be coupled with active removal of greenhouse gases from the atmosphere. “Natural Climate Solutions” (NCS) achieve atmospheric CO2 reduction through the conservation, restoration, or altered management of natural ecosystems, with enormous potential to deliver “win-win-win” outcomes for climate, nature and society. Yet the supply of high-quality NCS projects does not meet market demand, and projects already underway often fail to deliver their promised benefits, due to a complex set of interacting ecological, social, and financial constraints. How can these cross-sectoral challenges be surmounted? Here we draw from expert elicitation surveys and workshops with professionals across the ecological, sociological, and economic sciences, evaluating differing perspectives on NCS, and suggesting how these might be integrated to address urgent environmental challenges. We demonstrate that funders” perceptions of operational, political, and regulatory risk strongly shape the kinds of NCS projects that are implemented, and the locations where they occur. Because of this, greenhouse gas removal through NCS may fall far short of technical potential. Moreover, socioecological co-benefits of NCS are unlikely to be realized unless the local communities engaged with these projects are granted ownership over implementation and outcomes.
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Introduction

The IPCC's latest assessment report acknowledged that stabilizing the planet's climate will require not only sharp decreases in current rates of greenhouse gas emissions, but also “negative emissions” – i.e. capture and removal of greenhouse gases from the atmosphere (IPCC, 2022). There are a variety of negative emissions technologies under study, but at the present time reforestation/afforestation is the most efficient and scalable option (Griscom et al., 2017, 2019). Forestry-based NCS drive atmospheric CO2 removal through the natural processes of photosynthesis and soil carbon sequestration, with the potential to support human wellbeing and other environmental benefits, e.g., biodiversity conservation. The potential ecological and social co-benefits of NCS drive their appeal to policy makers, funders, and the general public, leading to an explosion of interest in ecosystem restoration (Seddon, 2022). Yet despite the recent commitment1 from 145 countries to strengthen forest conservation (IPCC, 2022) as well as private-sector commitments to restore millions of hectares of forest habitat (Sacco et al., 2021), rates of forest loss have recently increased across parts of Europe (Ceccherini et al., 2020) and Africa, and deforestation continues in South America (FAO and UNEP, 2020). What might account for this disconnect?

Implementing NCS projects at scale involves complex negotiations among multiple stakeholders and sectors: the communities whose livelihoods depend on carbon-rich ecosystems; participants in voluntary carbon markets; corporates seeking action on net zero commitments; and the policy makers who must balance these stakeholders” various needs. In this article, we focus specifically on how environmental scientists, local stakeholders, and project funders perceive the benefits and risks of NCS projects. To examine the discourse between the “supply” and “demand” sides of emerging NCS markets, as well as those developing regulatory frameworks to shape the markets, we conducted an elicitation of 17 recognized experts in the areas of ecology, finance, and climate policy, and social science. We also held a virtual workshop with representatives from an additional 17 organizations including environmental charities, policy think tanks, environmental research centers, financial institutions, and large corporations with a stake in the NCS sector. Below, we outline the findings that have emerged from this dialogue, as well as the recent surge of research into forest landscape restoration and its social, economic, and environmental drivers.



What does society want from Natural Climate Solutions?

The main goal of NCS is to reduce net CO2 emissions to the atmosphere by enhancing carbon sequestration in natural ecosystems. However, the perceived ecological co-benefits of NCS are part and parcel of their appeal to policy makers, funders, and the general public. Habitat loss remains the primary driver of biodiversity decline, and both conservation and ecosystem restoration are necessary to avert mass extinction (Banks-Leite et al., 2020). NCS can address both the climate and biodiversity crises by establishing resilient ecosystems that simultaneously absorb carbon and provide space for wildlife. Yet enthusiasm for NCS belies widespread apprehension within the environmental science community about unintended consequences of large-scale habitat transformation (Seddon et al., 2021). The nature of these risks depends upon the ecosystem being modified. Although mangroves, seagrass beds, and peatlands can all sequester large amounts of carbon, here we will align our focus with the current emphasis on reforestation and afforestation projects, which have the largest CO2 removal potential (Griscom et al., 2017) and are currently the most popular (Seddon et al., 2019).

An expert elicitation survey (Figure 1A) identified broad consensus about two key concerns surrounding forest-based NCS projects: replacement of biodiversity-rich habitat with “carbon plantations,” and increased vulnerability of forest carbon to future disturbance. Planting trees can harm biodiversity when intact forests are replaced with fast-growing tree monocultures (Lewis et al., 2019; Seddon et al., 2020), or when trees are established in inappropriate locations, such as savannahs or peatlands (Veldman, 2019; Fleischman et al., 2020). Low species diversity, homogenous canopy structure, and inappropriate planting location also elevate the risk that any carbon sequestered in forests will be lost again to disturbance, particularly wildfires, floods, or droughts (Waring et al., 2020). These global change drivers are increasingly threatening already mature forests (Anderegg et al., 2020), transforming ecosystems that were historically carbon sinks into carbon sources (Gatti et al., 2021). To mitigate such risks, ecologists recommend that NCS projects include a full spectrum of conservation and restoration activities, protecting carbon-rich habitats where they already exist, allowing ecosystem regeneration to occur naturally where possible, and planting diverse, native tree species only when required (Sacco et al., 2021; Seddon et al., 2021).
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FIGURE 1
 Expert elicitation results answering three questions. (A) What are the top environmental research priorities for NCS? (B) How should NCS projects be funded? (C) What formal commitments should be made to NCS? We conducted an expert elicitation to gauge consensus on issues relating to NCS projects. Barplots show consensus scores, generated from Likert survey data. A consensus score of 1 would indicate that all respondents (N = 16, for our survey) chose the same Likert response category, while a consensus score of 0 would indicate that responses were equally divided between opposing categories (e.g., “strongly agree” vs. “strongly disagree”). Scores falling below the dashed line indicate more disagreement than consensus among the respondents. The red points in each figure indicate the arithmetic mean of all responses, reported on a 1–5 scale, with 5 indicating “most important” or “strongly agree” (Tastle and Wierman, 2007). Thus, higher values indicate greater perceived importance of the corresponding category.


NCS projects can also address sustainable development goals and empower indigenous peoples and local communities (IPLCs). Targeted habitat restoration can reduce the impacts of climate driven droughts or floods, buffer income streams against unpredictable yields, and augment people's participation in local governance through community-based resource management (Seddon et al., 2020). The engagement of local communities with NCS projects often enhances their environmental outcomes too. For example, forests managed by indigenous peoples or local communities often have lower rates of degradation than formally protected forests (Porter-Bolland et al., 2012; Alejo et al., 2021). Local communities also play an instrumental role in forest creation: in Tanzania, for instance, smallholder farmers have planted as many trees as corporations and national governments operating in the same areas (Kimambo, 2020). Community-led forestry programmes often struggle to access finance and to receive support from central governments (Wardell, 2021), raising the demand for innovative financial instruments that can channel public and private-sector finance to local communities.



How are NCS projects developed in practice?

Critical decisions related to the implementation of NCS projects—where they are located, the restoration techniques used, and how outcomes are quantified—are all linked to the source of finance. NCS projects may be funded through a variety of mechanisms: financial market instruments (e.g., green bonds), nature market instruments (e.g., carbon credits), or via the public purse through government initiatives. Our expert elicitation (Figure 1B) revealed a strong support for direct compensation to landholders, with the role of voluntary carbon markets de-emphasized, and dissention about the role of government support in NCS schemes. Public and private-sector funders have different approaches to cost minimization, varied expectations of return on investment, and perception of key risks. These considerations, in turn, determine whether and how NCS projects deliver their intended benefits.


Financing NCS: how the source of funding shapes project implementation

Some NCS project funders may expect a financial return on their initial investment, which means the performance of an asset (e.g., a carbon credit) must be tracked over time. There are relatively mature markets centered on the trading of carbon credits, but valuation of other ecosystem services (e.g., biodiversity) is much more challenging. And even for projects centered on carbon removal, the monitoring, reporting, and verification (MRV) of project assets can be a complicated task (United Nations Development Programme, 2019). All protocols aimed at quantifying carbon sequestration through ecosystem restoration share a common goal: ensuring CO2 removal from the atmosphere is additional and permanent, while avoiding leakage effects (whereby restoration of habitat in one area indirectly drives habitat loss elsewhere). Meeting this goal depends upon clear project baselines to establish what would have happened in absence of the intervention, and sequestration of carbon in pools that are easy to measure at large spatial scales. Yet there is no universal standard for MRV of NCS projects. Various greenhouse gas crediting programmes recommend slightly different methodologies for MRV, but all have their flaws and many lack rigor, especially for carbon sequestration in non-woody biomass (e.g., soils) (Zelikova et al., 2021). Recent investigations revealed that while NCS operations adhering to voluntary carbon standards do produce measurable reductions in forest loss (Guizar-Coutiño et al., 2022), these projects often dramatically over-state (and by implication, over-sell) the carbon benefits of their interventions (West et al., 2020). Moreover, there is debate about permanence, or how long NCS projects must be maintained in order to address climate goals. Although short-term CO2 removals might be helpful in limiting peak warming (Matthews et al., 2022), ecological co-benefits could be strongly constrained if restored habitats do not persist in the landscape. Finally, key to meeting climate targets, conservation of intact forests avoids emissions from deforestation in the first place. However, quantifying the emissions reduction from avoided deforestation projects is highly dependent on the assumed fate of the forest stand in the absence of the project-that is, the “counterfactual baseline”. Because this is a hypothetical baseline, different methods used to construct it can lead to very different results, creating opportunities for errors or even gaming the system (Costanza et al., 2014).

Funders' expectation of return on investment also affects how the social or environmental co-benefits of NCS projects are defined, prioritized, measured and, ultimately, pursued. The complexities of quantifying and valuing biodiversity are emblematic of these challenges. Governments and businesses now acknowledge that the global economy is entirely dependent upon the services provided by nature (Costanza et al., 1997, 2014; Dronamraju, 2021). However, although global trends clearly indicate that biodiversity is being lost at unprecedented rates (Rockström et al., 2009), it is much more difficult to detect and document changes in biodiversity at local scales. In part, this difficulty stems from the multiple meanings of “biodiversity,” which encompasses not only the number of species present within a given area, but also the abundance of each species, their genetic and functional characteristics, and their complex interactions with one another (Noss, 1990). As a result, we lack a single operational metric of biodiversity (Turnhout, 2020), which in turn complicates efforts to measure it. There is a major effort underway to develop a harmonized biodiversity MRV protocol which corporates can adopt (CISL, 2020), but there are still major difficulties ascribing a tangible economic value to changes in biodiversity. Moreover, the concept of a biodiversity credit implies that biodiversity gain in one locale can “offset” its loss elsewhere, which is an ethically fraught concept. Thus, the “biodiversity credit” market is only in its infancy.

Expected return on financial investment can shape NCS project implementation on the ground. Whereas, environmental scientists highlight the need to balance conservation, natural regeneration, and active restoration (e.g., tree planting), many funders are wary of projects with complex MRV and opaque return on investment. As a result, forestry-based NCS projects largely employ active restoration, such that increases in ecosystem carbon stocks (and their associated revenue) can be measured easily. For example, much of the forest restoration pledged under the Bonn Challenge (to restore 350 Mha across 43 countries) consists of commercial tree plantations (Lewis et al., 2019), and most NCS project goals are framed in terms of “number of trees planted” rather than “area of forest restored” (Holl, 2020). In other words, linking project finance to a return on investment incentivizes exactly the type of large-scale tree planting projects that ecologists have specifically warned against (Fleischman et al., 2020).



Perceptions of operational, political, and reputational risk affect decision making

The capacity of NCS projects to meet environmental and social targets also depends upon how funders perceive risks associated with project implementation and outcomes. Project funders assume operational risk (e.g., that planted trees will fail to survive and grow); political/governance risk (e.g., that land tenure is not secure); and reputational risk (e.g., perceptions of “greenwashing”). Each type of risk affects decision making processes in different ways. For example, the risk of restoration failure is difficult to quantify, but may be substantial. In the tropics, where most forestry-related projects are located, fewer than 5% of tree planting organizations monitor seedling survival (Martin et al., 2021). However, the mortality of tree seedlings can be very high, and direct interventions (such as tree planting) are often less successful than natural ecosystem regeneration processes in restoring forest cover (Crouzeilles et al., 2017). The last decade has seen some high-profile project failures, such as the death of over 90%2 of seedlings in Turkey's record-breaking tree planting campaign. However, our workshop revealed that funders do not perceive these operational risks as the major barrier to implementation; rather, there is more of a focus on reputational risk. This is a major concern both of private-sector funders, whose engagement with NCS projects are inextricably linked with corporate identity; and with organizations that execute NCS projects, which are competing in an exponentially growing market of restoration providers. Organizations which make overly glib promises about their capacity to scale ecosystem restoration have recently come under heavy scrutiny (Castro et al., 2022). The recent controversy3 over project baselines in avoided deforestation scenarios illustrates how the technical nuances of NCS might increase risk-return perceptions by investors.

Funders also perceive significant risks related to land tenure and local governance mechanisms that determine access to land. For example, cessation of land use does not imply cessation of land rights; land classified as “abandoned” and therefore suitable for reforestation may, in fact, have a legal owner who wishes to recommence agricultural use at a later date (Holl et al., 2022). Indigenous communities' rights to the land they occupy are often not formally recognized (Haenssgen et al., 2022), undermining their ability to continue protecting their land and to receive financial support for doing so. NCS projects funders may therefore seek to negotiate directly with central governments to ensure land rights are legal and enforceable, and to facilitate the free, prior, and informed consent (FPIC) of IPLCs who manage the land. However, because land tenure is often so complex, even projects conducted with due legal diligence may harm local communities with customary but informal rights to land, as vividly exemplified by a case study in Uganda (Richards, 2016). There, a Norwegian company acquired land rights from the Ugandan government to establish forest plantations and generate carbon credits. In the process, the company evicted local villagers who had used the land for grazing and subsistence crops, threatening their survival. In other areas, there is encouraging evidence that the vital role of IPLCs in NCS is receiving increasing recognition. For example, in the Philippines, recent review of the central government's reforestation scheme recommended that future programme activities should be undertaken only in collaboration with community-based forestry organizations (Wardell, 2021). Cognizant of the complex environmental and social context of forest restoration, though, some companies are choosing to develop net zero strategies that rely on other, more speculative negative emissions technologies, such as direct air capture. For example, EasyJet recently abandoned4 its carbon offsetting programme in favor of research into greener aviation fuel.




Key obstacles to the success of NCS

Participants in our workshop articulated a central challenge for NCS: it is difficult to take into account the social and environmental nuances that drive project success, while operating at the speed and scale necessary to mitigate climate change through reforestation. Although project funders express great willingness to engage directly with IPLCs and support local economies through NCS projects, it is often difficult to identify the legal and financial mechanisms that would permit them to do so. For example, how might those with customary (but not legal) rights to land be incentivized to support its reforestation? What incentive structures might be used when local communities largely do not engage with a cash-based economy? These problems are thorny and difficult to solve without a nuanced understanding of the local context of each NCS project. This is one reason that major forestry-based commitments through public and private sectors (e.g., Bonn Challenge, Trillion Trees) have made relatively slow progress in recent years, despite significant public enthusiasm for forest restoration. Recent revelations about the failures or shortcomings of NCS projects (West et al., 2020) stoke fears that forestry-based carbon credits may become a “toxic asset” (IATP, 2009), further imperiling efforts to conserve and restore vital habitats.

For NCS to succeed in delivering environmental and social benefits, more work needs to be done to link the organizations that wish to invest in NCS with the local stakeholders who will be most directly impacted by project successes and failures. Currently, NCS projects receive two major sources of financial support: private funding through voluntary carbon markets, and public funding through national governments. The voluntary carbon market has quadrupled in size since 2020 (Donofrio et al., 2022), and much of this capital is flowing into reforestation/afforestation projects. Projects funded via this mechanism are expected to produce a financial return (i.e. initial project investment can be recouped through the sale of valuable carbon credits), leading many to prioritize single asset classes, such as carbon. By contrast, governments nominally control the majority of the world's forests (White and Martin, 2002), and are poised to develop a diverse portfolio of NCS projects that balance multiple national priorities including climate mitigation, biodiversity conservation, and sustainable economic development. However, in the developing countries where NCS projects tend play a more prominent role in nationally determined contributions (NDCs) to the Paris Agreement, external sources of finance would be required to support project development (Seddon et al., 2019). In the past, such finance transer schemes have been criticized for channeling funds to corrupt governments rather than the actual stewards of the land, and for failing to deliver the co-benefits that would incentivise long-term participation by local communities (Lawlor and Weinthal, 2010). Injecting capital from governments and corporations into NCS projects can also place local communities at risk, strengthening central government control over territories traditionally administered by indigenous or local peoples (Milne et al., 2019). Such scenarios have fuelled strong critiques of the “financialisation” of land and the assets associated with it (Knuth, 2015), unintentionally transforming NCS project backers into “green grabbers” who transfer ownership and use of land from local communities to the powerful institutions of the global North (Corson, 2012). This may explain why there is significant dissention, even among experts (Figure 1C), about the role of formal government commitments in advancing NCS projects.



Outlook

Despite the complexities involved in implementing environmentally and socially responsible ecosystem restoration, there is reason to be optimistic about the future of NCS. New financial instruments that blend private and public finance, together with “jurisdictional” approaches that allow locally operated projects to be nested within national monitoring frameworks, can maximize the efficacy of NCS across scales (Köberle et al., 2021). Moreover, because the key role of local stakeholders in NCS projects is universally acknowledged (Chazdon, 2019; Seddon et al., 2020; Seddon, 2022), we can look to existing models of community forestry to identify what drives their success in maintaining forest cover and supporting local livelihoods. Forestry programmes with good outcomes tend to share a number of common factors: they have robust internal governance, as well as support from regional and national governments; they operate in environments where land tenure is secure; they provide material benefits for local communities; and they allow for the full participation of women and those across a spectrum of socioeconomic groups (Baynes et al., 2015). These factors should be considered necessary components of the enabling environment which allows NCS projects to be effective. At the same time, new tools are being developed to help evaluate land tenure rights and local governance in relation to proposed habitat restoration initiatives (McLain et al., 2021). Recently developed “green taxonomies” can help identify projects that are at risk of creating perverse incentives, putting human rights at risk, or failing to engage local stakeholders in the long term.

There will always be a tension between the careful, nuanced, site-specific approaches that enable sustained forest recovery in particular locales, vs. the accelerated speed and global scale of solutions demanded by the climate crisis. The absence of a “one size fits all” approach to NCS poses a challenge for upscaling solutions. However, it also means that progress can be made through many complementary avenues—via local (Baynes et al., 2015) and commercial (Forster et al., 2021) forestry operations; through indigenous communities or regional governments; and through collaborations among ecologists, economists, and sociologists. Yet all emission reductions and related co-benefits claimed by NCS projects, wherever and however they are implemented, must be credible and verifiable. This will ensure the sustainability of financial flows that will enable NCS projects to achieve the required scale. Projects that can demonstrate such integrity may incur higher costs, so investors need to be prepared to pay more for each carbon credit acquired (Köberle et al., 2021). Although some NCS projects may require significant initial investment, they are still cost-effective when valued with an appropriately inclusive framework: restored ecosystems buffer climate, disease, and pollution risks, in addition to mitigating climate change (Seddon et al., 2020). Most critically, successful NCS depend upon an open dialogue and shared costs and benefits among those who fund, implement, and benefit from these projects, which cannot be successful without the support of the communities living and working closest to them.
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2https://www.theguardian.com/world/2020/jan/30/most-of-11m-trees-planted-in-turkish-project-may-be-dead
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