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Abstract

Degradation exacerbates food and water insecurity, economic hardship, biodiversity loss, and the devastating effects
of climate change. Given that ecosystem restoration is a global challenge, the United Nations declared 2021 to 2030 as
the Decade of Ecosystem Restoration.

Many ecological restoration projects overlook social perspectives, resulting in unsuccessful restoration outcomes within
Forest Landscape Restoration (FLR). Against this background, we review social-ecological restoration frameworks and
summarize seven key balanced drivers that could help enhance the adoption of ecosystem restoration in a dynamic
social context. The drivers relate to including the most affected communities, privileging local knowledge and practices,
empowering local representatives and opinion leaders, ensuring social and environmental justice and equity, target-
ing deep leverage points, aligning restoration practices with local needs and aspirations, and connecting neighboring
communities.

We argue that ecosystem restoration will be most effective if approached from a social-ecological perspective. In devel-
oping countries, establishing social groups that share savings and credit structures within neighboring households
can be a sustainable approach. With increasing global initiatives, taking a social-ecological perspective on ecosystem
restoration as a social-ecological restoration approach offers new opportunities for both research and practice. Social-
ecological restoration is a key strategy that can support the achievement of sustainable development goals (SDGs) and
deliver net positive gains environmentally, socially, and economically. Further studies should focus on two new cross-
cutting aspects: the ecological and social effects of restoration at small to large scales and social ecological restoration
and peace building within a restorative landscape.

Keywords Social-ecological restoration - Adoption - Ecosystem restoration - Rwanda - Forest landscape restoration

1 Introduction

We are in the grip of a global crisis. More than 60% of the world’s vegetation has been cleared or altered as a result of
anthropogenic activities. Consequently, ecosystem degradation, climate change, and biodiversity loss are the result: Not
only are 33% of the world’s agricultural lands severely damaged, with far-reaching consequences for the people living
in these systems, but 48% of forest cover is also depleted [1]. Land degradation is caused by multiple forces, including
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extreme weather conditions. It is caused by anthropogenic activities that pollute or degrade the quality of soils and land
utility, with subsequent effects not just on food production but also the production and provision of other ecosystem
goods and services [2-4].

The adoption of the sustainable development goals by the United Nations General Assembly on September 15,2015
(cfr.Fig. 1), stimulated renewed interest in land restoration and rehabilitation, particularly as a strategy to help achieve SDG
15,“life on land”[5, 6]. Various initiatives have been designated to promote land restoration and rehabilitation, including
the Bonn Challenge, the African Forest Landscape Restoration Initiative (AFR100), initiative 20 x 20 for Latin America and
the Caribbean, the World Resource Institute’s Global Restoration Initiative, and the UNCCDs Land Degradation Neutrality
Fund (LDN Fund), an “impact investment fund for land degradation neutrality” [7].

Several other initiatives, focusing exclusively on achieving climate change mitigation (SDG 13) through soil carbon
sequestration, have a strong focus on sustainable land management, including both restoration and rehabilitation.
These include by no means limited to 4/1000, and NGOs such as “Justdiggit” explicitly touts their support for SDGs [8, 9].

The UN Decade on Ecosystem Restoration, declared for 2021-2030, alongside the Aichi targets of the Convention on
Biological Diversity, demonstrates universal recognition of the need for landscape restoration [10, 11].

Forest landscape restoration (FLR) is a planned process that aims to regain ecological integrity and enhance human
wellbeing across deforested and degraded landscapes [12, 13]. FLR is more than just planting trees; it is restoring a whole
landscape to not just meet present and future needs but also to provide multiple benefits and uses over the long term
[14, 15]. FLR is about forests, boosting the number and health of trees in landscapes, interacting land uses, and restora-
tion of biological productivity in order to accomplish various goals within a landscape.

Similarly, FLR is forward-thinking and dynamic, focusing on increasing landscape resilience, thus developing future
options for adjusting and further optimizing ecosystem goods and services as societal needs change or new chal-
lenges emerge [16, 17]. The environmental, social, and economic benefits of restoring forests, farmlands, and pastures
are tremendous. Although this is a wakeup call for all actors, especially entrepreneurs, who are changing the script by
developing innovative ideas and sustainable practices that restore land, it is still difficult for restoration practitioners to
access investment and scale their restoration practices [16, 18].

Restoration is defined as “the process of assisting the recovery of an ecosystem that has been degraded, damaged,
or destroyed” [19]. Indeed, FLR programs comprise a series of activities aligning with the “Restoration Continuum” (i.e.,
reduced impacts, remediation, rehabilitation, and ecological restoration) that illustrate how the implementation of
restorative activities at all levels can optimize broad scale and social outcomes. Gann et al. [20] propose six procedural
steps, as Fig. 1 illustrates. Additionally, restoration includes the preservation of existing protected areas and increasing
sustainability in areas of major profitable production.

In many cases, restoration seeks to recover degraded natural habitats based on historical baselines. However, since the
20105, the focus has increasingly shifted to new restoration trajectories oriented toward the future rather than the past
[21]. In the same vein, there has been a shift from a purely ecological focus toward a social-ecological approach to resto-
ration [22]. Restoration can take many forms, ranging from the reduction of pressures to facilitate natural regeneration,

Fig. 1 Different levels of
restorative activities adapted
from [20]
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The Restorative Continuum illustrates how the implementation of restorative activities
at all levels can optimize broadscale ecological and social outcomes. See Principle 8.
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through remediation and rehabilitation, to the partial or full recovery of ecosystems [22]. Restoration is also halting
pollution, reducing and treating waste, managing demand for water and fish, as well as reviving vegetation above and
below the surface [11]. In practice, there is a tendency to focus on ecological dimensions of restoration, such as biophysi-
cal advantages [23] while ignoring the complex socioeconomic realities of restored systems [24, 25]. This results in a
research divide between the ever-increasing technical knowledge derived by the ecological sciences and the complex
socioeconomic realities of restoration practice [26, 27]. Furthermore, despite some examples of bottom-up and partici-
patory restoration processes e.g., [28], the desire to implement restoration on a large scale has pushed top-down and
standardized approaches.

The term social-ecological restoration was introduced by [29] in addressing the need for a comprehensive approach
to reconstruct the areas devastated by the 2011 earthquake in northeastern Japan, including the ensuing tsunami and
radioactive pollution. Further studies [1, 22, 30] review research and summarize major social-ecological themes and
recommend the need for urgent use of social-ecological restoration and the assessment of related projects [1, 31, 32]
attempt to show the relationship and difference between ecological restoration, ecosystem service, and social-ecological
restoration concepts. Most notably, unlike purely ecological restoration, social-ecological restoration specifically inte-
grates social dimensions within restoration practices [22]. States that restoration could benefit from stronger links with
social-ecological systems theory.

We contend that approaching ecosystem restoration from a social-ecological perspective will be more effective.
Restoration science and practice would greatly benefit from including socioeconomic dimensions into their design,
implementation, and management: when gender, social-political inclusion, and local community views on nature and
landscape are considered in restoration processes, they can guide the formulation of sensible, site-specific objectives,
thus enhancing the success of restoration interventions [33, 34]. According to UN Water, in theory, social dimensions
of restoration are internationally recognized [35]. However, in practice, social dimensions are typically neglected, mak-
ing it difficult to address the contextual realities of the local communities that depend on lands to be restored [30, 36].

Restoration projects can unintentionally continue to propagate approaches that seem to be blind to local context, dis-
qualify knowledge and priorities of the local population, and limit meaningful social inclusion [37]. This tendency grows
more risky as global projects embrace social-ecological restoration, thus being required to recognize the importance
of social inclusion in ecosystem restoration [38]. Therefore, meaningful stakeholder participation in social-ecological
restoration projects is required in a transdisciplinary way [39]; without it, restoration can easily perpetuate, rather than
fundamentally change, those systems that inextricably link environmental degradation to social exclusion. Despite the
fact that research increasingly points to the need for greater social inclusion in restoration projects, the approaches that
favor such inclusion remain opaque [40, 41]. Hence, there should be a focus on the successful adoption of restoration
practices that benefit from a higher degree of participation [42, 43].

The adoption of restoration practices has the potential to achieve a wide range of social and community develop-
ment aspirations in both developed and developing countries [20], thus contributing to the UN Decade on Ecosystem
Restoration. For example, communities located within or near degraded ecosystems may gain health and other benefits
from adopting restorative practices. Surprisingly, within this scope there are a range of hindering factors at the socio-
economic level that must be overcome. Examples include, among others, the interests of different stakeholders, low
political priority given to restoration, insufficient funding, exclusion of local native community, ignoring local knowledge,
as well as the lack of an integrated land use plan, legal rights, or property rights, [40, 44]. Therefore, some academics
explicitly reject the use of frameworks to study practical change and innovation systems [45-47], while simultaneously
acknowledging that adoption decisions are pragmatic measures of individuals or collectives.

On the other hand, although Rogers [48-52] develop theories for understanding individual adoption and collec-
tive diffusion, none consider social inclusion to be a significant factor. [48, 53] provides a comprehensive framework
for understanding both individual adoption and collective diffusion. Rogers's theory is especially significant because
it influences many other theories of adoption and diffusion [49-52]. The strength of Rogers’s theory lies in the broad
foundation it provides for understanding those factors that influence an individual’s or group’s decision to adopt an
innovation-decision process. The theory proposes that there are five attributes of an innovation that affect and foster
adoption: relative advantage, compatibility, complexity, trialability, and observability [53]. This is especially relevant with
regard to understanding the drivers and hindering factors underlying the adoption of restoration practices at multiple
levels, whether geographic scales or contexts [47, 54, 55]. The adoption theory investigates the decisions an individual
makes to accept or reject a specific innovation [56]. In some frameworks, adoption not only includes the decision to
accept restoration innovation, but also the extent to which that restoration is integrated into the context and the engage-
ment of stakeholders within FLR, IUCN (International Union for the Conservation of Nature [57]. Here, adoption theory
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is a micro perspective of change, revitalization, and resilience, focusing not on the whole but rather on the small scales
that comprise the whole. It is well known that ecological restoration is a fundamental asset for agrarian societies, where
maintaining land holds great transformative potential in combining ecological and socioeconomic outcome indicators
as well as biodiversity resilience, and where forest landscape restoration has the potential to benefit people all over the
world by revitalizing rural livelihoods, mitigating climate change, and meeting basic needs such as food, water, and
energy. However, those drivers that boost or hinder local community participation or engagement are still unknown,
necessitating an assessment of various frameworks, theories, principles, and standards [11, 30, 58-60].

The aim of this paper is to identify factors behind implementing restoration activities in order to develop a framework
that fosters social-ecological restoration within forest landscape. We do so by reviewing and analyzing the existing litera-
ture, then presenting a meta-analysis of scientific articles relating to social-ecological restoration in the global context.
To achieve adoption of landscape restoration at the local level, not only are context-specific strategies required but also
combining factors or integrated frameworks alongside theories that foster the adoption of social-ecological restoration
practices [61-65] or other new ecosystem-restorative services [43, 65]. The study assists individuals and institutions,
both public and private, engaged in restoration around the world, build on an inclusive and balanced social-ecological
restoration framework that is based on a systematic literature review.

2 Methodology

For the purpose of this study, a systematic literature review was conducted; following the preferred reporting items for
systematic reviews and meta-analysis (PRISMA) protocol [66] (cf. Fig. 2). We searched for peer-reviewed articles and confer-
ence proceedings on SCOPUS and Google Scholar based on overall scholarly impact and multidisciplinary sources. Scopus
was chosen because it covers journals across all disciplines. However, the database is slightly skewed toward natural
science, engineering, and biomedical journals with a weaker focus on social science, arts, and humanities journals [32].
To compensate for these limitations, we searched Google Scholar and reference lists of retrieved articles for additional
relevant journal articles (cf. Fig. 2). After article identification, duplicates were removed and the following three steps were
then implemented to identify articles that were deemed irrelevant: (1) title screening; (2) abstract screening; and (3) full
text screening (cf. Fig. 2). The documents we reviewed had to meet the criteria listed in Table 1. The number of studies that
were screened, evaluated for eligibility, and included in the review, respectively, are depicted in a flow diagram (Fig. 2).

During the search, the combination of two or more keywords were applied such as ecosystem-restoration-ecology,
social-ecological restoration, restoration-protection-social ecology, social-ecological-systems, restoration-ecology-agri-
culture, landscape ecology-restoration, ecology-evolution-environment.

Figure 2 shows that 117 studies were evaluated for eligibility out of a total of 1811. In addition, different adoption
theories [48-52].were analyzed to better understand which factors influence an individual’s or group’s decision to adopt
an innovative restoration approach. To that end, the reviewed papers were analyzed using qualitative comparative
analysis toward a framework fostering social-ecological restoration within forest landscape. The literature search started
in May 2022 and closed by July.

2.1 Data analysis and procedure

Much of the literature in this review explores and analyzes different frameworks [1, 20, 22, 67] and adoption theories
[48-52]. However, there are also scientific papers reflecting on social-ecological restoration and community participa-
tion or adoption practices [29, 30].

We followed Qualitative Comparative Analysis and apply a crisp set, the score was 1 or 0, with 1 indicating the presence
of the adoption theory and 0 its absence, as defined by Fischer & [68, 69]. Further, the factors of adoption of social-ecological
restoration, features and strategies from 12 cases studies are analysed to understand underlying challenges and facilitating
drivers of individuals or group to or not adopt the restoration approach within FL.

Limited research and difficulty in comparing studies among the studies identified in our literature review, there is a limited
amount of academic literature on social-ecological restoration. Most studies on restoration focus on ecological restoration
systems, which are already shown to be insufficiently inclusive of social dynamics in restoration activities. Moreover, for resto-
ration efforts to restore land and livelihoods at scale, the restoration movement must create inclusive pathways for the people
who work and manage the land, understanding their experiences and knowing who they interact with most often [70].
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Fig.2 Flow of information

through the different phases
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Box 1 provides a detailed summary of 12 case studies identified from ecological restoration systems in the review papers,
indicating the diversity of methods, contexts, geographical areas, and stakeholders involved and under which the social-
ecological systems/restoration framework is applied.

3 Results
3.1 General findings

Our analysis reveals that, since 2014, there is very limited research on factors affecting the adoption of social-ecolog-
ical restoration (n=12, cf. Fig. 3). Starting with 1,811 studies, only 601 abstracts were screened (33%), as the titles of
the remaining articles reported information that did not meet the inclusion criteria (Table 1). Of these, 484 studies
were eliminated from the review for not meeting the criteria (Table 1). Subsequently, of the 117 studies assessed for
eligibility, 105 were excluded due to lack of methodological clarity. Hence, only 12 empirical studies are included in
our review. These studies are built on a foundation of adoption theories that provide the adoption phases, which are:
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Box 1 Details of 12 case

studies - Ten standard practices for planning and implementing ecological restoration projects,

« Six key concepts underpinning best restoration practice

- Six themes from social ecological endeavor

- Ten people-centered rules for socially sustainable ecosystem restoration
- Nine attributes of restored ecosystem

- Desk based on five social ecological restoration cycles

- Seven principles for building resilient in social ecological systems

« UN decade on ecosystem restoration

- Four official reports on ecological restoration within landscapes

- Five case studies used both primary and secondary data

- Ten case studies are national to regional levels

- Two cases are at international studies

- Main stakeholders involved are: researchers, policy makers, restoration practitioners, planners
« Ten studies used qualitative approaches

knowledge, persuasion, decision, implementation, and confirmation. The qualitative approach is seen as a dominant
one used in social ecological restoration studies.

3.2 Seven drivers affecting the adoption of the social-ecological restoration approach

Based on the frameworks from the case studies and the adoption theories analyzed, we find 7 drivers that shape
whether or not communities apply, and participate in, social-ecological restoration activities as a new approach for
effective ecological restoration (Fig. 3). However, adoption is also based on the strategies used during the restoration
process as well as the characteristics of the approaches identified based on the context, scale, and different types
of knowledge.

Table 2 Indicates the details of drivers underlying adoption of social ecological restoration approaches as well as
the features and strategies that local communities can adopt to facilitate successful restoration at their local scale
within their local landscape.

Prioritizing the voices and needs of the local and native populations are found to be a positive action during the
restoration planning and project implementation practice [1, 20, 22, 48, 67, 71, 72]. Of course, we assume an inverse
relationship, i.e., if participation is low or when the adoption phases are not taken into appropriate consideration, we

Fig.3 Overview of 7 key
drivers that influence the
adoption of social-ecological
restoration approaches by
communities at the local scale
(own design) Connect
neighboring
communities

7 key drivers for
the adoption of
Align social-ecological

restoration restoration
practices with approaches by

local ’?eefjs and communities
aspirations

Ensure social &
environmental
equity and
justice

Target deep
leverage points
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Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

- Social-ecological restoration characterized by the - Does not reflect on social-ecological restoration as community inclusion approach
interconnections among ecological and social issues
in the ecosystems; must be published between 2014
and 2022 to guarantee the source is up-to-date

- Database indexed in English - Paper that does not meet the keywords criteria, not database indexed, not peer-
reviewed paper

« Peer-reviewed paper or conference proceeding « Published prior to 2014

« Combination of keywords, such as social eco- « Based on quantitative results

logical restoration, ecosystem-restoration-ecology,
restoration-protection-social ecology, social-eco-
logical-systems, restoration-ecology-agriculture,
landscape-ecology-restoration, ecology, evolution-
environment, based on qualitative results

- Study focuses on local scales - Study beyond local scale

argue for less successful implementation. Therefore, a critical issue is the neglect of the social dimension, principally
that of the local communities that would otherwise make a significant difference. In addition, increasing financial
resources for ecological restoration while eliminating environmentally harmful subsidies can also lead to the success.

These factors of social-ecological restoration adoption are designed to inspire and drive better restoration out-
comes within landscapes while supporting those stakeholders and local communities, including indigenous people,
addressing the challenges of ecological restoration while considering social perspectives.

4 Discussion

The literature analysis shows that whilst social-ecological restoration is considered a crucial concept for sustain-
able restoration, in practice focus remains on ecological and technical aspects. In particular, not only is the voice
of local communities neglected, but structures are not yet established that can facilitate continuous interaction
with stakeholders throughout restoration, i.e. capacities to join (time, money, information), complexity of tools and
information, capacities to negotiate and raise discontent, etc. Within this scope, there are a range of hindering rea-
sons at the socio-economic level that must be overcome to foster social-ecological restoration. Examples include,
among others, the interests of different stakeholders, low political priority given to restoration, lack of an integrated
land use plan, legal or property rights, insufficient funding exclusion of local native community, and ignoring local
knowledge [40, 44]. Thus we propose 7 drivers that could facilitate a successful SER. A key challenge for restoration
is to realize the interconnection of people and biosphere as well as the necessity for restoration that includes not
only ecological tenets of success but also considers human benefits and social inclusion. Although interdisciplinary
research approaches that engage more deeply in the social context of landscapes, with the potential to make a sig-
nificant contribution to ecosystem restoration and studies of social ecological restoration, are still limited and novel
[29, 30, 68, 73] the lessons from this work are valuable. A strong focus on ecological, social, and technical aspects of
restoration is often neglected in restoration research. We align with this concept but also consider it critical to put
this concept into action, as practice still shows an imbalance of social and ecological dimensions.

This study argues that it is time to find ways to integrate human lives into the rest of the environment. Social ecological-
restoration can play a significant role in realizing this goal [31, 38, 75, 76]. The importance of social-ecological restoration
and adoption factors in determining long-term restoration success is neglected [11, 30, 77]. While there appears to be
agreement on the importance of making restoration a socio-ecological endeavor [22], not enough attention has been
paid to analyzing those drivers that boost the adoption of the restoration practices. It is also important to consider eco-
logical and social perspectives of different local stakeholders for the long term success of restoration projects [20, 22, 78].

However, it is known that communities located within or near degraded ecosystems may gain health and other ben-
efits from the adoption of restorative practices [20]. It is confirmed that ecological restoration is a fundamental asset for
agrarian societies, where maintaining land holds great transformative potential in socioeconomic outcomes as well as
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biodiversity resilience. Forest landscape restoration has the potential to benefit people around the world by revitalizing
rural livelihoods, mitigating climate change, and meeting basic needs such as food, water, and energy. However, the
drivers that boost or hinder local community participation or engagement are still unknown, thus requiring the develop-
ment of new approaches to address this gap [11, 30, 58, 591.

The seven adoption drivers developed herein come at a time of unparalleled global human impacts, where climate
change, land degradation, and biodiversity loss threaten the social ecological fabric of the planet. Social ecological
restoration is a solutions-based approach that engages communities and considers social inclusion [19]. It is defined as
repairing ecological damage and rebuilding a healthier symbiosis between people and nature [20, 71, 72]. To successfully
support the established drivers underlying adoption of social-ecological restoration practice within FLR, each adop-
tion factor has detailed features as well as strategies that can be applied across landscapes, strengthening the existing
frameworks and adoption theories while also considering the voices, needs, and wants of local and native populations,
all alongside social inclusion [47, 54, 55].

Restoration can also be quite valuable when it fulfils certain functions, even if the restored system does not resemble
the historical reference system at all [77, 78]. Following full recovery, ongoing monitoring strategies can be viewed as a
form of ecosystem maintenance by the local community within the restoration landscape. Our literature review shows
that it is crucial for the community to include stakeholder involvement, participatory processes, and collaboration in the
planning, designing, and implementation of the restoration process. By fostering knowledge exchange platforms and
effective communication mechanisms, implementing best practices, and exchanging ideas, efforts can facilitate effec-
tive working relationships, promote ecological restoration across all areas, and highlight the contributions of ecosystem
services to the benefit of the community. Further, transdisciplinary social ecological restoration projects can be imple-
mented by incorporating political decision makers and all relevant stakeholders [11, 40, 44]. They also call for increasing
financial resources for ecological restoration while eliminating environmentally harmful subsidies.

Not only is social-ecological restoration is still a new concept, compared to ecological restoration; it must also be
integrated with conservation and sustainable production, especially at the landscape level. Therefore, we argue that the
high involvement of local stakeholders is important throughout all FLR activities, especially in conflict affected scenarios.
For now, however, low to no participation is still a key point of criticism. In the restoration context, there is point of curi-
osity for researchers: the establishment of a social group of savings and credit as a new approach for social-ecological
restoration within the neighboring households/community under the restoration landscapes.

5 Concluding remarks

Ecosystem Restoration provides unique opportunities for simultaneously enhancing environmental outcomes and human
well being. Yet, there are also serious risks. Ignoring the social dimensions of environmental initiatives has led not only
to failure in achieving ecological objectives, but also to scarcity, land grabs, conflict, and further marginalization of
vulnerable communities. In this review, many papers focus their analysis on ecological restoration systems while the
nexus between social and ecological dimensions on restoration is rarely reported. Further, there is a shortage of research
focusing on the social-ecological restoration approach. We argue that it is a time to find ways to reintegrated human
lives into the rest of the environment. Social-ecological restoration can play a vital role in realizing this goal. Each of the
seven social-ecological restoration drivers outlined herein translates into new priorities for the adoption and successful
implementation of the ecosystem restoration projects. Thus, social-ecological restoration is a key strategy that can sup-
port the achievement of the sustainable development goals (SDGs) and can deliver net positive gains environmentally,
socially, and economically, while providing opportunities for research. Based on these reflections, we suggest two cross-
cutting research priorities focusing, in particular, on social ecological restoration: first, the ecological and social effects
of restoration at small to large scales; and, secondly, social ecological restoration and peace building.

In the restoration context, one might note these drivers with curiosity. However, the proposed framework is best
viewed as a preliminary draft that requires further validation through larger-scale studies and replication.
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