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Although biodiversity is a central component of food systems, conventional
food systems have become one of the major drivers of biodiversity loss globally.
There is an increasing need to transform food systems to provide sufficient and
nutritious food, but with minimal negative impacts on the environment and
society. One of the possible avenues to enable the sustainable transformation
of food systems might be through the development of locally appropriate
biodiversity-based solutions. In this paper we report the insights and lessons
learned during the design and implementation of transdisciplinary projects that
employed the concept of Sustainable Development Goals labs (SDG-Labs) to
create biodiversity-based solutions to transform food systems. The six SDG-Labs
outlined in this paper were implemented in Armenia, China, Japan, Madagascar,
Thailand, and Uganda. Collectively they developed very diverse biodiversity-
based solutions that used different components of biodiversity, ranging from
novel cultivation systems with endangered plants, to gardens using tree species
for wind breaks, or novel tea-forestry production systems. Beyond their ability to
leverage different components of biodiversity to transform local food systems
(also conserving biodiversity in the process), all solutions had multiple co-benefits
such as climate change adaptation/mitigation and livelihoods generation, among
other sustainability domains. Through a Strengths-Weaknesses-Opportunities-
Threats (SWOT) analysis we synthesized the experiences gained during the design
and implementation of all six SDG-Labs. The findings suggest the great promise
of these transdisciplinary approaches for developing solutions at the biodiversity-
food-climate nexus. However, this synthesis paper also points to the multiple
context-specific challenges that should be overcomed to maximize the potential
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of SDG-Labs to both enable the sustainable transformation of (local) food systems
and/or be scaled up effectively.

KEYWORDS

sustainability-oriented experiment, transdisciplinarity, solutions-oriented approach,
biodiversity-food-climate nexus, sustainability, co-benefits, agriculture

1. Introduction

Biodiversity plays an essential role for food systems, planetary
health, and human wellbeing (Hawkins, 2018; Garcia-Martin
et al., 2022). On the one hand biodiversity is crucial for the
functioning of agroecosystems and the stability of food production
(Crist et al., 2017). For example, biodiversity is essential for soil
health and fertility (Frac et al., 2018) and the stability of the
hydrological cycle (Rolls et al., 2018), which are in turn very
important for sustainable food production. On the other hand
genetic diversity in crops and animals can ensure the production
of sufficient and nutritious food (Dawson et al., 2019), and the
resilience of agroecosystems against different environmental
shocks, including climate change (Martin and Magne, 2015;
Coérdoba Vargas et al., 2020).

However, biodiversity loss has been accelerating globally in the
last decades (IPBES, 2019). There are major concerns that this
biodiversity loss could compromise the resilience of food systems and
the stability of food production (Roe, 2019), with possible negative
ripple effects for food security (Sunderland, 2011; Fischer et al., 2017).
In fact many studies have identified that biodiversity loss is one of the
main threats for the sustainability of food systems, and essentially for
meeting multiple Sustainable Development Goals (SDGs) and targets,
such as “No Hunger” (SDG2; Krause and Tilker, 2022).

Paradoxically food systems are one of the major threats to
biodiversity (Leclere et al., 2020; Rockstrom et al., 2020). Modern food
systems are the most important driver of land use change (Springmann
etal,, 2018) and major sources of greenhouse gases (GHGs) emissions
(Crippa et al, 2021), both important drivers of biodiversity loss
(IPBES, 2019). Beyond land use change and GHG emissions,
industrialized agriculture systems have multiple other negative effects
on biodiversity through pollution from excessive fertiliser and
agrochemical use (Eliasson et al., 2023), agrodiversity loss due to the
dominance of few crop and animal species (Zimmerer et al., 2019),
and the introduction of invasive species that threaten native (agro)
ecosystems (Shabani et al., 2020). There is a vast literature exploring
the association between conventional food systems and biodiversity
loss: from population growth (Crist et al., 2017) to urbanization and
lifestyle changes (Evans and Gawlik, 2020; Pawera et al., 2020).

This creates the paradoxical situation that on the one hand
biodiversity is essential for food systems, but on the other hand
conventional food systems are one of the most important threats to
biodiversity. This calls for an urgent need to transform food systems
in order to safeguard biodiversity, and essentially ensure sustainable
food supply to meet the accelerating global demand. However, despite
the many sustainability initiatives aiming at transforming food
systems in a biodiversity-friendly manner, social and economic
inequality persist (El Bilali et al., 2021).
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In the context of the post-2020 Global Biodiversity Framework,
many studies have pointed that biodiversity can indeed provide
solutions for sustainable food systems (Gassner et al., 2020; Pimm,
2022). This has been in tandem with the growing popularity of
concepts seeking to leverage the role of biodiversity to offer sustainable
solutions. One such example is the concept of nature-based solutions
(NDS), which refers to the sustainable management and utilization of
nature to address sustainability challenges (IUCN, 2020). NbS are
inspired and supported by nature, are (often) cost-effective, tend to
deliver multiple environmental, social, and economic co-benefits, and
could enhance resilience (Haase et al., 2017), while at the same time
have the potential to catalyse sustainability transitions (Subedi et al,
2020). In this sense NbS could essentially offer opportunities to
generate positive sustainability outcomes and at the same time
conserving biodiversity (Chausson et al., 2020). However, there is still
no standard way on how NbS should be mobilized, leveraged and used
in the real world (Sowinska-Swierkosz and Garcia, 2022).

When looking critically at the above, biodiversity protection and
sustainable use could be a “source” of solutions for sustainable food
systems. This can arguably provide synergistic ‘win-win’ opportunities,
as well as “co-generate” opportunities for wider sustainability
transitions (Jacob et al., 2021). Such ‘win-win’ opportunities could
be initiated and implemented in different scales through the
application of innovative technologies and/or the integration of local
knowledge (Béné et al., 2019). Despite the fundamental need for
broader changes to legal, political, economic, and other social
structures at the national and international scale to attain such
transitions (Esquinas-Alcdzar, 2005; Kaufman et al., 2021), scholars
have argued that under the right circumstances it might be possible to
unlock and accelerate transitions through local-scale actions
(Loorbach et al., 2017). This is because under the right conditions
scalable small-scale actions can evolve to “long-term, multi-
dimensional, and fundamental transformation processes” that lead to
desired sustainability transitions (Markard et al., 2016, p. 956).

As a possible approach for designing such local solutions in real-
world context, sustainability-oriented labs have emerged (McCrory
et al, 2020). These types of labs have originated in the efforts to
conceptualize real-life experiments' in the sustainability transitions
literature (Sengers et al., 2019). This notion of sustainability-oriented
labs encompasses a broad family of participatory, multi-stakeholder and
transdisciplinary research approaches seeking to enable transformation

1 Thereis a wide variety of real-life experiments including "niche experiments,”
"bounded socio-technical experiments,” “grassroots experiments,” “transition
experiments,” and “sustainability experiments.” Box S1 in the Supplementary

material provides a brief introduction and distinction between these concepts.
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(Nevens et al,, 2013; Schipke et al., 2018). According to McCrory et al.
(2020), there are seven types of sustainability-oriented labs, namely
Urban Living Labs, Living Labs, Real-World Labs, Evolutionary
Learning Labs, Urban Transition Labs/Transition Management, Change
Laboratories, and Transformation Labs (T-Labs; see Box S2 in the
Supplementary material for a brief introduction and distinction).
Depending on how they engage with sustainability and their approach
to designing and implementing sustainable solutions they can
be sub-divided as (a) fix and control; (b) (re-)design and optimize, (c)
make and relate, (d) educate and engage, (¢) empower and govern; and
(f) explore and shape (McCrory et al, 2022; see Box S3 in
Supplementary material).

Despite their differences, all these types of sustainability-oriented
labs are transdisciplinary venues that test potential solutions to
sustainability issues through collaboration between different actors
(Bulkeley and Castan Broto, 2013). Their aim is to design and implement
bottom-up and context-specific solutions mobilizing the input of
different actors, including those that can be generally marginalized from
decision-making in some contexts such as women and young people
but can be quite innovative and entrepreneurial thinking outside the
box (e.g., Aernouts et al.,, 2020; Wrangsten et al., 2022).

Sustainability-oriented labs have been implemented in very
different thematic contexts, including microfinance for youth and
clean water (Leist et al., 2018), climate change adaptation (Snyman-van
der Walt et al., 2020), or low carbon cities (Voytenko et al., 2016).
Similarly wide have been the geographical contexts of such labs, with
examples coming from both urban (Bulkeley et al., 2016; von Wirth
etal, 2019) and rural settings (Zavratnik et al., 2019), as well as from
developed (Voytenko et al., 2016) and developing countries (Leist
etal, 2018; Pereira et al., 2022). The above examples clearly show that
sustainability-oriented labs have followed very diverse methodological
approaches to develop equally diverse solutions (e.g., technologies,
agricultural systems, or social institutions). However, what they have
in common is the attempt to design context-specific solutions and
involve multiple relevant stakeholders.

Sustainability-oriented labs have also been used in the context of
food systems. For example, Wolfert et al. (2010) implemented a living
lab in the Dutch agri-food sector integrating sustainable farm
management through optimal information supply. Pereira et al. (2022)
conducted a transformation lab in the Western Cape (South Africa) to
identify how local underutilized food products can be used to increase
the sustainability and inclusivity of the local food system. Hvitsand
etal. (2022) implemented a living lab to strengthen agri-food systems
associated with organic vegetables in the Vestfold region in Norway.
Gamache et al. (2020) critically discussed through a bibliometric
analysis whether agri-food living labs offer support to local transition
pathways. Such attempts have emphasized the need of developing
context-specific solutions and integrating the perspectives and
knowledge of different stakeholders. This inclusivity is particularly
important as many studies have pointed the necessity of including very
diverse voices and stakeholders in food system transformation towards
greater sustainability (Herens et al., 2022; UNEP, FAO, and UNDP,
2023), including young people (Glover and Sumberg, 2020; WEE 2023).

In the literature there have been few examples of sustainability-
oriented labs that use biodiversity as the source of solutions, including
for sustainable food systems. Furthermore, when looking at specific
types of sustainability-oriented labs (see Box 52, Supplementary material),
there have been few efforts in the literature to provide a comprehensive
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understanding of context-specific approaches to SDG-Labs, let alone in
the context of food systems (see below).

Hence the aim of the paper is to synthesise the lessons learned from
the design and implementation of very diverse sustainability-oriented
labs that developed biodiversity-focused NbS, dubbed as “biodiversity-
based solutions;” for sustainable food systems. In particular, it focuses
on six Living Labs, which emphasized a strong connection to the SDGs
as a guiding principle since their inception (Section 2.2; referred to as
SDG-Labs for the remainder of the paper). The SDG-Labs were funded
and implemented in the period 2020-2021, and here are comparatively
analysed. We aim to distil the main insights generated from these
transdisciplinary processes, as a means of enhancing their applicability
in other contexts and unlocking their potential for transforming food
systems through biodiversity-based solutions.

The papers starts with a section that outlines the timeline of the
SDG-Labs (Section 2.1) and describes the comparative methodology
(Section 2.2). The results section systematizes the objectives
(Section 3.1) and transdisciplinary research approaches of the six
SDG-Labs (Section 3.2), shows how they contributed to sustainable
food systems (Section 3.3) and sustainability more broadly (Section
3.4), and summarizes the lessons learned from their design and
implementation (Section 3.4). The discussion (Section 4) critically
addresses some the main insights in view of the literature, and offers
recommendations for future improvements for tackling
sustainability challenges for food systems, biodiversity conservation

and sustainability more broadly.

2. Methodology
2.1. Timeline of the SDG-Labs

The six SDG-Labs outlined in this paper were funded through the
8™ International Conference on Sustainability Science (8" ICSS). The
8™ ICSS was co-organized by the (a) Institute of Future Initiatives
(TFI), University of Tokyo, (b) Tokyo College, University of Tokyo, (c)
Institute for Global Environmental Strategies (IGES), (d) Stockholm
Resilience Centre, Stockholm University, Sweden, (e) Future Earth, (f)
Secretariat of the Convention on Biological Diversity, (g) Kunming
Institute of Botany, Chinese Academy of Sciences, and (h)
International Union of Biological Sciences. The 8" ICSS was held on
January 18-20, 2022 (online), and an online Open Call (10 November
2019 to 8 December 2019) invited proposals for SDG-Labs on the
broad topic of “biodiversity-solutions for change”

The selection criteria were the SDG-Labs ability to: (a) find
solutions for sustainability problems through leveraging local
biodiversity (i.e., through existing local knowledge, innovative solutions
or their combination); (b) address multiple SDGs beyond “Life below
Water” (SDG14) or “Life on Land” (SDG15), which were the foci of the
Open Call; (c) follow a transdisciplinary approach that was defined as
“interdisciplinary approach with multi-stakeholder engagement”), and
(d) have the capacity to trigger positive change at the local scale (and
with the potential to be scaled up). Thematic, disciplinary and
geographical diversity were also criteria in the selection process.
However, the type of solution, and the format and implementation
approach were decided independently by each proposed SDG-Lab.

Ten SDG-Labs were selected for funding (17 January 2020) but
only six managed to launch successfully due to the challenges posed
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by the COVID-19 pandemic ( ). Each of these six SDG-Labs
were awarded USD 5,000 in seed funding in order to undertake their
activities. The design and implementation of the SDG-Labs lasted
much longer as explained below.

The implementation process of the SDG-Labs sought to
enable vertical and horizontal information exchange with
international researchers in the form of coaching and
presentations at international conferences and between groups
(see below). Each SDG-Lab group worked with one coach from
the Institute of Future Initiatives (IFI; University of Tokyo),
Tokyo College (University of Tokyo), Institute for Global
Environmental Strategies (IGES), Stockholm Resilience Centre
(Stockholm University), and Future Earth. The role of the coach
was to provide advice related to the design and implementation
of the SDG-Lab, with all coaches being knowledgeable on aspects
related to sustainability science, biodiversity/ecosystem services,
and social-ecological systems.

Although each SDG-Lab had the freedom to approach its
design and implementation individually, the overall timeline of
all SDG-Labs was aligned with the different activities of the 8*
ICSS ( ). In particular, each SDG-Lab presented the early
results of their activities during a virtual session of the 5" Forum
for Biodiversity and the 8™ ICSS (23 April 2021). Mid-term
reporting occurred in an interactive session of the Sustainability
Research and Innovation Congress 2021 (SRI 2021; 3 June 2021).
The presentation of the final results was held during a dedicated
session of the 8™ ICSS (19 January 2022). Each SDG-Lab provided
an interim and final report that summarized its characteristics,
design/implementation process, and final outcomes.

The originally expected implementation period was January
to September 2020, but due to difficulties posed by the COVID-19
pandemic (including the postponement of the 8" ICSS in person
in Kunming, China), the implementation of the SDG-Labs was
extended up to October 2021. Each SDG-Lab individually
negotiated extension periods to allow for sufficient time to
complete their activities.

10.3389/fsufs.2023.1144506

2.2. Data collection and analysis

In this study we provide a comparative synthesis of the main
characteristics of the six SDG-Labs, in terms of their (a) thematic
focus, (b) transdisciplinarity, (c) outcomes, and (d)
lessons learned.

For (a) we summarise the focus and objectives of each
SDG-Lab (Section 3.1). For (b) we track the types of stakeholders
involved in each SDG-Lab and the methods used for stakeholder
engagement (Section 3.2). For (c) we track the characteristics of
the biodiversity-based solutions in each SDG-Lab, as well as their
beneficiaries, contributions to food systems, climate co-benefits
and broader sustainability outcomes (Section 3.3-3.4). For (d)
we track the advantages and disadvantages of the SDG-Lab
approach through a Strengths-Weaknesses-Opportunities-
Threats (SWOT) analysis ( ; Section 3.5). In
the SWOT analysis the Strengths and Weaknesses refer to the
internal characteristics of the SDG-Labs technique itself as an
approach for developing sustainability solutions, while the
Opportunities and Threats refer to the wider system
characteristics that support or hinder the design and
implementation of SDG-Labs for local sustainable
transformations ( ).

For (a)-(c) the information is reported for each SDG-Lab
individually in appropriate figures and tables. For (d) the SWOT
analysis was conducted first for each SDG-Lab and then synthesized
for all six labs to identify general patterns.

The reported information is elicited through the critical analysis
of the interim and final reporting documents of each SDG-Lab, as well
as the insights of the main organisers of each SDG-Lab and the entire
process that serve as co-authors in this paper. In particular, AA
coordinated the SDG-Lab Armenia, JL coordinated the SDG-Lab
China, JK coordinated the SDG-Lab Thailand, BC coordinated the
SDG-Lab Japan, R.N.N.A coordinated the SDG-Lab Madagascar, and
IO coordinated SDG-Lab Uganda. M] coordinated the overall
SDG-Lab process through the University of Tokyo.

O Brazil
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@© Selected but not
implemented

FIGURE 1
Location of the selected SDG-Labs by status of implementation.
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TABLE 1 Objectives of selected and implemented SDG-Labs.

SDG-Lab Objectives
Armenia - Develop an innovative cropping system
- Conserve “on farm” wild endangered medicinal plants
China - Develop forestry-tea garden production models
- Use efficiently natural resources and achieve good yields in tea-forestry production models
Japan - Raise community awareness about homestead windbreaks
- Maintain homestead windbreaks and sustain their home garden production
Madagascar - Develop immersive ecotourism activities
Thailand - Demonstrate the potential of traditional agroforestry farming systems
- Improve livelihoods and food security of local communities through agroforestry
Uganda - Establish how pastoralist systems contribute to the sustainability of semiarid ecosystems
3. Results production models to conserve biodiversity, and (b) to use

3.1. Thematic focus and objectives of the
SDG-Labs

Table 1 outlines the thematic focus and objectives of the six
SDG-Labs that were finally implemented. It becomes obvious that
although all of them mobilized biodiversity as a source of solutions
for sustainable food systems, they did so from radically
different angles.

The SDG-Lab in Armenia was named “Biodiversity in Action:
Accelerating data digitization for innovative cropping systems.” It was
led by an academic team and had a two-fold objective. First, was to
develop an innovative cropping system based on inter-, over-, and
cover-cultivation to increase yield stability (by up to 30%),
agroecosystem quality, and sustainability. Second was to enhance the
conservation and sustainable use of wild endangered medicinal plant
species through innovative “on farm” conservation.

The SDG-Lab in China was named “Forestry-tea ecosystem
services and influence on local livelihoods: The case of tea forests
in Yunnan, China.” It was led by an academic team and had two
main objectives, namely to (a) develop forestry-tea garden

Frontiers in Sustainable Food Systems
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efficiently natural resources and achieve good yields in terms of
quantity and quality.

The SDG-Lab in Japan was named “Conserving biodiversity of
homestead windbreaks and home gardens for food security and rural
development”” It was led by an academic team and had two objectives.
First, was to raise local community awareness about the significance
of homestead windbreaks. Second, was to maintain homestead
windbreaks and sustain their home garden production for food
security in remote island regions (Okinawa, Japan).

The SDG-Lab in Madagascar was led by a practitioner and was
named “Immersive ecotourism in Tampolo Protected Area towards
sustainable development?” It sought to develop immersive ecotourism
activities by connecting visitors with local biodiversity.

The SDG-Lab in Thailand was titled “Promoting traditional
agroforestry farming systems for sustainable watershed forest
management in the north-eastern region of Thailand”” It was led by a
researcher and a practitioner and had two main goals. First, was to
explore and demonstrate the potential of traditional agroforestry
farming systems for degraded land rehabilitation and management for
communities living inside a national park. Second was to improve the
livelihoods and food security of the local communities.
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TABLE 2 Types and numbers of engaged stakeholders in each SDG-Lab.

10.3389/fsufs.2023.1144506

Armenia China Japan Madagascar Thailand Uganda Total
Local communities 4 3 1 4 3 1 16
Private sector 4 6 1 1 0 1 13
Local government 3 2 1 2 3 1 12
NGOs, and other organizations 7 0 1 1 2 1 12
Academia 3 2 1 2 2 1 11
Total 21 13 5 10 10 5 64

TABLE 3 Stakeholder engagement methodologies applied by the SDG-Labs.

Armenia China Japan Madagascar Thailand Uganda Total
On site interviews* 100 4 20 11 15 5 155
Onsite workshops/trainings 6 3 5 1 1 4 20
Field research** 18 3 20 0 1 1 43
Online interviews* 0 5 0 1 0 10 16
Online workshops 2 2 0 0 0 1 5

#Refers to the number of individuals that participated in the interviews.

##Refers to the number of studies conducted in the field, such as forest inventory, plant species count, etc.

Finally, the SDG-Lab in Uganda was led by a practitioner and
was titled “Establish the role of the Karimojong Nomadic Indigenous
Pastoralist in the conservation and sustainable use of biodiversity.”
Its focus was to establish how pastoralists contribute to the
sustainability of semiarid ecosystems and the sustainable use
of biodiversity.

3.2. Transdisciplinary engagement across
the SDG-Labs

A central part of each SDG-Lab was the conscious effort to
mobilise and integrate the perspectives of multiple stakeholders from
local communities, businesses/private sector, local government, civil
society, and academia/research in the design, testing and
implementation of the biodiversity-based solutions. Table 2 suggests
that almost all SDG-Labs involved at least one stakeholder from each
of these stakeholder categories. The only exceptions were the SDG-Lab
from Thailand and China that did not involve any stakeholder from
the private sector and the local government, respectively. On average,
each SDG-Lab engaged >10 stakeholders. The most commonly
engaged stakeholder group were local community members (1 =16),
which is to be expected considering the very local focus of SDG-Labs,
and the fact that most of the solutions were geared towards local
communities. In order of declining prevalence, the other stakeholders
involved in the SDG-Labs came from the businesses/private sector
(n=13), local governments (n=12), civil society (n=12), and
academia/research (n=11; Table 2).

However, the relative mix of these stakeholders differed between
SDG-Labs (Table 2). For example, in the SDG-Lab Armenia, most of
the engaged stakeholders came from civil society (33.3%), while in
SDG-Lab China came from the private sector/businesses (46.2%). The
representation of stakeholder types in SDG-Lab Uganda and Japan
was relatively even (though low in absolute numbers, Table 2), and
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included stakeholders coming from all five categories. Stakeholder
representation in other SDG-Labs such as China, Madagascar and
Thailand were higher (Table 2), but also more unevenly distributed.

The engagement method for the different stakeholders also varied
among the six SDG-Labs. In particular, there was a large variation
between SDG-Labs in the type of the participatory approaches
employed to engage stakeholders for the co-design and
co-development of the solutions (Table 3). The specific participatory
approaches included: (a) online and offline interviews; (b) onsite
workshops and training; (c) online workshops, (d) field research
(forest inventory, plant species count, etc., including a participatory
field research), and (e) laboratory experiments.

Similar, to the stakeholder groups, the different SDG-Labs
mobilized different participatory processes to engage with
stakeholders. For example, while overall the six SDG-Labs applied 6
types of approaches, the SDG-Labs of China and Uganda employed
each a total of five participatory methods, and the other SDG-labs
employed fewer participatory approaches (Table 3).

The above suggest that although all SDG-Labs adopted highly
transdisciplinary approaches, they did not necessarily follow the
same template in terms of engagement approaches or data collection/
analysis methods. What was important instead across all labs was to
select the most appropriate stakeholders and participatory methods
to reflect the local problem, needs, and social-ecological system
characteristics. For example, the SDG-Labs in Uganda and China
adopted many participatory approaches to engage stakeholders in a
relatively balanced manner. These SDG-Labs applied interviews
onsite and online, workshop online, and field research. Instead,
SDG-Labs in Armenia, Madagascar and Thailand tried to adopt
different participatory approaches, but with one of them being more
dominant (e.g., onsite interviews). Finally, SDG-Lab Japan adopted
relatively fewer participatory processes, but with some degree of
balance between them, focusing on interviews, field research,
and workshops.
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3.3. Contribution of the SDG-Labs in the
biodiversity-food-climate nexus

The six SDG-Labs have a good variability in terms of ecosystem
focus and biodiversity-based solutions (Table 4). In terms of the
biodiversity component used for the solutions, species diversity was
the most common, and was present across all six SDG-Labs (Table 4).
Diversified production systems were also prevalent including
diversified cropping systems (e.g., Armenia), diversified agroforestry
systems (e.g., Thailand), and diversified home garden (e.g., Japan).
Conversely ecosystem diversity and genetic diversity were less utilized
in the biodiversity-based solutions (Table 4). In terms of the food
system focus, although some SDG-Labs did not target food production
systems (e.g., Madagascar), all biodiversity-based solutions
contributed to local communities’ food and nutrition security. This
was mainly through enhanced food availability (e.g., increased or
more stable food production) and/or increased food accessibility due
to increased income (Table 4). Interestingly, although it was not part
of the Open Call (Section 2.1), all SDG-Labs identified climate change
as an inherently cross-cutting issue in this interface of biodiversity and
food systems. It is worth noting that three SDG-Labs specified their
solutions as NbS for climate change mitigation and/or adaptation
(Table 4). In this sense, all SDG-Labs contribute to the biodiversity-
food-climate nexus in different extent. Below we summarise in detail
the biodiversity-based solution for each SDG-Lab and how it
contributes to the biodiversity-food-climate nexus (Table 4).

In SDG-Lab Armenia, the biodiversity-based solution aimed at
enhancing local food availability through a diverse mixed-species
cropping system that generated in the process income for improving
farmers’ food accessibility (via the sales of endangered medicinal plant
to tea making companies or other local markets) and enabled the
conservation and sustainable use of wild endangered medicinal plant
biodiversity. This latter was achieved through innovative “on farm”
conservation approaches. This diversified agro-ecosystem essentially
helped to raise the resilience of farmlands toward climate change,
which is significant in the Ararat region which was the geographical
focus of this SDG-Lab.

In SDG-Lab China, the biodiversity-based solution focused
towards conserving biodiversity through mixed-species tree and tea
culture through forestry-tea garden models. It was expected that the
development of such forestry-tea gardens led to higher yields and
better quality of tea, which eventually would generate higher income
for tea farmers and employees in the tea industry to improve food
accessibility. In addition, the increased abundance and coverage of
trees in the forestry area provides shade for the tea plants, reduce
temperature and absorb dust, which collectively enhance the
adaptation of tea production to the impact of global warming.

In the SDG-Lab Japan the biodiversity-based solution was aimed
at creating homestead windbreaks in traditional village landscapes.
These were created outside residences and in home gardens inside
residences through the conservation of local biodiversity. On the one
hand, home gardens with diverse species of leafy vegetables, roots and
fruit trees enhances food availability for local residents for self-
consumption. Considering that this solution was implemented in a
chain of isolated islands, a home garden for local food provision could
further reduce the substantial GHG emission from importing food
from the mainland. On the other hand, the previously planted
homestead windbreaks around the residences were used as a NbS to
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protect the house from strong typhoons and monsoonal winds during
the winter. It was also estimated that homestead trees planted in an
orderly line have a high potential for biomass accumulation, carbon
sequestration, climate change mitigation and adaptation.

In SDG-Lab Madagascar, the biodiversity-based solution related to
utilizing local biodiversity for ecotourism and a series of related ancillary
activities. In this case the benefits of the rich local biodiversity (including
aquatic and terrestrial) were leveraged by increasing local awareness
(including from business and households) about the value of the
biodiversity that could be appreciated by tourists, and how it could
be translated into income generation for improving food accessibility
and alleviating poverty. Furthermore, restoration activities in the
protected area will further restore terrestrial and aquatic biodiversity but
also increase the potential of carbon storage for climate change mitigation.

In the SDG-Lab Thailand the biodiversity-based solution related
to enhancing species diversity in watershed forests, community forests,
illegal logging areas and degraded forest areas near local communities
through traditional agroforestry farming system, e.g., planting native
food crop species and local tree species. This system can increase local
food availability as well as food accessibility through income generation
from marketable products such as native food plant species like Pak
Wan. In the meantime, the promotion of traditional agroforestry
farming systems in watershed forests was perceived by local villagers
as a NbS for water regulation and drought mitigation, especially during
the dry season, which helped local climate change adaptation.

In the SDG-Lab Uganda, the biodiversity-based solution related to
the promotion of indigenous pastoral systems that had multiple benefits,
including biodiversity conservation. In this SDG-Lab different
biodiversity components were used namely genetic diversity (e.g., locally
adapted livestock breeds and crop varieties), species diversity (e.g., grass
species diversity), and ecosystem diversity (e.g., habitat diversity). This
sustainable pastoralism model relying on the different components of
local biodiversity enhances, on the one hand, the food availability of
pastoralists and generates income from the sales of livestock products
that can increase food accessibility. On the other hand, the indigenous
knowledge of species, ecosystems and climate were used by the
pastoralists to better adapt the pastoral system to disease outbreaks,
droughts, and climate change. Furthermore, it was also observed that
the vegetation maintained through grazing activities could in turn store
carbon, which had positive ripple effects for climate change mitigation.

3.4. Broader sustainability benefits of the
SDG-Labs

Figure 3 shows the contribution of the six SDG-Labs to the
different SDGs. As discussed in Section 3.3, given their approach of
developing biodiversity-based solutions through conservation and
sustainable use, all SDG-Labs could contribute to “Life on Land”
(SDG15), and some to “Life below Water” (SDG14; i.e., Japan,
Madagascar, Thailand; Table 4). Here it is worth noting that by
protecting the watershed, the SDG-Lab in Thailand could also
contribute to “Clean water and sanitation for all” (SDG6).
Furthermore, as climate change was perceived as a cross-cutting
challenge in practically all SDG-Lab contexts (Section 3.3), the
proposed solutions could also have a positive effect for “Climate
Action” (SDG13) via offering opportunities for climate change
mitigation and/or adaptation (Table 4). This suggests that the
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TABLE 4 Aspects of the biodiversity-food-climate nexus considered in each SDG-Lab.

SDG-Lab

Biodiversity-based

Component of

Contribution to food

Contribution to
climate change

10.3389/fsufs.2023.1144506

Beneficiaries

solution biodiversity* systems adaptation/
mitigation
Armenia - Innovative cropping - Species diversity in - Enhance food - Climate change - Local farmers
system and cultivation cropping systems availability through adaptation through - Local tea producing
of endangered plant - Underutilised and diversified crop increased agro- companies
species endangered species for production ecosystem resilience
cultivation - Enhance access to food
through increased
income
China - Innovative and - Species diversity in - Enhance access to food - Climate change - Local tea farmers
diversified cropping forest-tea garden through increased adaptation through - Tea industry employees
systems production systems income improved habitat for tea - Tea industry
- Ecosystem diversity in trees - Tourists
forest-tea garden - Local government
systems - Citizens
Japan - Homestead NbS for - Species diversity in - Enhance food - Climate change - Farmers
hazard mitigation and home gardens availability for self- adaptation through - Local communities
subsistence - Ecosystem diversity in consumption through weather and natural - Small business owners
traditional cultural home garden hazard mitigation and tourism association
landscapes production - Climate change - Local gardening
- Enhance access to food mitigation through companies
through additional increased carbon
income sequestration in
homestead trees
Madagascar - Ecotourism for - Species diversity - Enhance access to food - Climate change - Farmers
biodiversity through biodiversity through income mitigation through - Local communities
conservation and restoration generation from increased carbon responsible for forest
restoration ecotourism sequestration in restored protection
- Develop capacity about forests - Protected area managers
local food systems (e.g., - Tour and hotel
fishing, crop cultivation) operators
- Local government
- Tourists
Thailand - Promotion of - Species diversity in - Enhance food - Climate change - Local communities
traditional agroforestry traditional agroforestry availability through adaptation through
farming system farming systems highly biodiverse reforestation
traditional agroforestry - Climate change
farming systems mitigation through
increased carbon
sequestration in restored
forest
Uganda - Promotion of - Genetic diversity in - Enhance food - Climate change - Farmers
indigenous pastoral livestock breeds and availability and adaptation through - Local communities
system crop varieties accessibility through strengthened resilience
- NDS for climate change - Species diversity in sustainable pasture and adaptive capacity of
adaptation biodiversity management pastoralist activities
management - Enhance access to food - Climate change
- Ecosystem diversity in through income mitigation through
drylands generation increased carbon
sequestration in restored
forests

*The definition of biodiversity used in this paper was adopted following by the Convention on Biological Diversity (CBD). According to this definition biodiversity “means the variability
among living organisms from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part; this includes diversity
within species, between species and of ecosystems” (CBD, 2006).
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follows Rockstrém and Sukhdev (2016).

Broader sustainability contributions of each SDG-Lab. The division of SDGs across the three thematic categories (i.e., biosphere, society, economy)

SDG-Labs contributed substantially to all environment-related SDGs,
and especially SDG15 and SDG13.

When it comes to social SDGs, as the focus of the biodiversity-
based solutions was to enhance the sustainability of food systems
(Table 4), all SDG-Labs contributed to “Zero Hunger” (SDG2).
However, all SDG-Labs contributed to at least one more SDG. For
example, the China, Japan, and Madagascar SDG-Labs contributes
to “Good Health and Well-being” (SDG3). Air pollution in
Madagascar could be prevented by the proposed ecotourism-
driven forest conservation and restoration. By conserving densely
planted Fukugi trees (Garcinia subelliptica) around homes and
alleys, the SDG-Lab in Japan promotes a solution to heatwaves.
Conversely the SDG-Labs in Uganda, Madagascar, and Thailand
contributed to “No Poverty” (SDG1). Poverty alleviation effects in
the Uganda SDG-Lab were expected through livelihood
improvements via improving use of pastoralist knowledge systems
on managing and using the diverse vegetation of semi-arid
ecosystems. In the Madagascar SDG-Lab, poverty alleviation
effects for the local community were expected through income
generation via ecotourism, whereas in the Thailand SDG-Lab via
the enhanced capacity of local communities for sustainable forest
management and biodiversity conservation. Finally, the SDG-Labs
in Japan and Thailand are expected to contribute to “Sustainable
cities and communities” (SDG11). In Japan, this contribution was
expected through building the community value among new
residents in the area who do not know the local traditions and
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have no social network; and among the new generation who had
lost the connection with local traditions and biodiversity. The
SDG-Lab project provided a space for communal and
intergenerational interactions and rediscovery of the use of
forementioned Fukugi Tree (Garcinia subelliptica), as a natural
wind shield and shade, and source of dyeing material and food
additive. Conversely, in the SDG-Lab, the contributions to SDG11
were expected through the support to local communities’ reliance
on sustainable practices such as agroforestry, with engagement in
forest rehabilitation.

However, the SDG-Labs had a much lower potential to tackle
economy-related SDGs (Figure 3). Only the Madagascar SDG-Lab
had such a potential, and only for “Decent work and economic
growth” (SDGB8). The expected pathway to contribute to SDG8 was via
enhancing self-employment in immersive ecotourism, as well as
supporting local sustainable tourism-related businesses.

Finally, all projects can contribute to “Partnership for the goals”
(SDG17; Figure 3). As outlined in Section 3.2 very diverse stakeholders
participated in all six SDG-Lab projects in order to co-design and
implement the proposed biodiversity-based solutions for sustainable
food systems.

Overall, each SDG-Lab can potentially contribute to multiple
SDGs. However, the focus and approaches can vary substantially. This
shows the very flexible nature of these transdisciplinary processes in
terms of their ability to tackle multiple sustainability challenges
through locally-driven solutions.

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1144506
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Jarzebski et al.

10.3389/fsufs.2023.1144506

TABLE 5 Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis for the six SDG-Labs.

Strengths Weaknesses

Knowledge accumulation about the use of local plants as food resources within local
communities

Leverage of local biodiversity (crops, animals) for food and income generation
Increased farmers’ awareness about resource scarcity and environmental degradation
Mobilize stakeholders’ interest and support for innovative cropping systems and
agro-biodiversity for food security

Improved local community participation in decision-making processes

Recognition of sustainable biodiversity practices as a new potential opportunity for

local business development and/or profit generation

Low initiative of local farmers to engage in bottom-up initiatives, as they are used to
top-down project implementation

Low capacity of farmers to harness modern technologies

Lack of knowledge on local farming and ecosystem management practices among the
younger generation

Lower dependency of local communities on local food, and increased reliance on
imported food

Low interest on local sustainability transformation among major stakeholders from
the private sector (e.g., growing tourism, expanding plantations)

Limited capacity of the local government for the effective implementation and

monitoring of environmental policies

Opportunities

Treats

Rediscovery and preservation of local food and biodiversity from the growing
tourism sector

Recognition of the value of local agriculture and ecosystems from existing
environmental policies and central government initiatives

Increasing demand for local and sustainably produced food from national markets
Academic research efforts on local food security and biodiversity conservation

Interest of other funding agencies to replicate the showcased model(s) for local

change

Weak implementation of environmental policies

Competition for land and labour with other economic sectors (e.g., mining)

Lack of strong policy alignment with the SDGs

Lack of policy support for the young generation to stay in the area and/or work on

related topics (e.g., sustainable transitions, local food production)

3.5. Strengths and weaknesses of the
SDG-Labs

Overall, the SWOT analysis suggests that the methodology and
design/implementation of the SDG-Labs had diverse strengths and
weaknesses, while the prevailing local and national context offered
various opportunities and threats (Table 5). The major identified
strengths related to ability of the SDG-Labs to provide a platform for
knowledge generation and dissemination for food production and
biodiversity conservation, as well as an opportunity to generate
income and/or food. Collectively these had several positive ripple
effects as outlined in Table 4. In more details, SDG-Labs offered an
opportunity to accumulate and disseminate local knowledge about the
use of native plants as food sources (in Armenia, Japan, Uganda), and
use local biodiversity of plants and animals as food and income
sources (in Uganda, Japan, Thailand). In many SDG-Labs the local
and national governments, as well as local communities members
(especially farmers), showed an active interest in engaging and
supporting biodiversity-based solution for food security, new cropping
systems, and agrobiodiversity conservation (in SDG-Lab Armenia).
Moreover, the SDG-labs
understanding of local communities about resource depletion and

in all communities increased the
environmental deterioration (all SDG-Labs). Furthermore, in many
local contexts the businesses and governments recognized the income
generation potential of the sustainable practices encapsulated in the
SDG-Labs as a big strength of these local transdisciplinary approaches
(in SDG-Lab Thailand, SDG-Lab Madagascar, SDG-Lab Armenia,
SDG-Lab China).

However, SDG-Labs also demonstrated a number of Weaknesses
(Table 5). Although in some SDG-Labs local communities and
farmers participated actively in the decision-making process, in other
SDG-Labs farmers were less active as they were familiar only to a
top-down implementation and were thus less determined to
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participate in bottom-up initiatives (e.g., in Madagascar). Another
weakness of the SDG-Lab model related to the lower capacity of local
farmers to harness modern technologies and/or to comprehend that
some practices, despite offering higher profits, are essentially not
sustainable (in Armenia, China, Thailand). Another weakness of the
SDG-Lab model was the inability to engage properly the younger
generation that lacked knowledge of local farming and ecosystem
management practices (e.g., in Japan), which in the end prevented the
revival of some local food production practices. In some cases the
SDG-Lab was misaligned with other local interests and priorities, as
for example stakeholders from the growing tourism industry and
expanding plantations did not have local sustainability transformation
high up on their priorities (e.g., in Madagascar). Finally, in some
contexts local governments also had a limited capacity for
environmental policy enforcement, which generated certain
difficulties in the design and implementation of some SDG-Labs, e.g.,
through ongoing ecosystem degradation in the surrounding areas (in
SDG-Lab Madagascar, SDG-Lab Uganda).

The most apparent Opportunities for SDG-Labs were the
amenable environment created from some of the main stakeholders
(Table 5). For example, the growing tourism sector in some countries/
localities encouraged the rediscovery and preservation of local food
and biodiversity (in Japan, Thailand, Madagascar, China). Such a case
was the SDG-Lab in Madagascar that benefited from (a) the growing
demand from the national market for locally and sustainably produced
food (which provided a strong incentive for local food production),
and (b) the alignment with the interests of other funders (which
provided an opportunity to replicate the showcased model for local
change in other geographical contexts). In almost all SDG-Labs (with
the exception of Madagascar), there was a notion that the SDG-Labs
benefited from existing environmental policies and central
government initiatives that recognized the value of local agriculture
and ecosystems. Finally, in most SDG-Labs the interest of research and
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academic organizations in conducting research on food security and
biodiversity conservation, was seen major opportunity, benefiting the
SDG-Lab implementation teams (in Armenia, China).

Finally, all SDG-Labs encountered a number of negative context-
specific circumstances that acted as Treats (Table 5). For example, in
SDG-Lab Madagascar, the prevailing policies had an insufficient
alignment with the SDGs, which was perceived as hindering the
design, implementation and uptake of the SDG-Lab. In SDG-Lab
Uganda, despite the reportedly amenable environmental policies that
facilitated the groundwork for the implementation of the project, their
weak implementation posed certain challenges. Furthermore, the
competition for land and labour with other industries such as mining,
created a major challenge in acquiring a critical mass of people to
enable the sustainability transformation through the SDG-Lab (in
Uganda). Similar threats were identified in SDG-Lab Japan, where the
lack of effective policies to support the younger generation to stay in
the area and work on sustainable transitions (including local food
production) was perceived to be a major threat to implementing the
biodiversity-based solutions identified through the SDG-Lab.

4. Discussion

4.1. SDG-Labs as transdisciplinary solution
spaces

Our SDG-Labs drew upon the concept of Living Labs (Section 1),
which have been used for the transdisciplinary design and
implementation of sustainable solutions in different thematic and
geographical contexts (Lupp et al., 2020). The experiences from the six
SDG-Labs reported here demonstrate in practice the application of
participatory and multi-stakeholder transition governance models
(Nevens et al., 2013; Schipke et al., 2018), with a particular focus on
biodiversity-based solutions for sustainable food systems (Section
3.3). While there is an emerging (but still limited) literature on
comparative studies about the performance and effectiveness of Living
Labs (see Hossain et al., 2019; Kok et al., 2021), here we elaborate how
such transdisciplinary approaches are able to facilitate the creation of
models for local seeds of transformation using biodiversity as the
“source” of the solution.

Opverall, the six SDG-Labs outlined in this study had very diverse
thematic foci in terms of the proposed and/or implemented
biodiversity-based solution. These ranged from the promotion of
traditional food systems that mobilized different components of
biodiversity (e.g., Thailand, Japan Uganda) to the development of
innovative food systems (e.g., Armenia, China) or ecotourism models
(e.g., Madagascar; Section 3.1-3.2). Furthermore, equally wide was
the scale within which these biodiversity-based solutions were
expected to “operate,” that ranged from the level of the agroecosystem
(e.g., Armenia, China) to the landscape level (e.g., Japan, Madagascar,
Thailand), to the regional scale (e.g., Uganda). It is also interesting to
note that all of the SDG-Labs did not only focus on food systems, but
other interlinked challenges in the specific local contexts, including
biodiversity loss (e.g., China), land use conversion (e.g., Thailand), or
climate change (e.g., Uganda). Interlinkages of food systems challenges
with other persistent sustainability challenges have been addressed in
other Living Labs focusing on for example sustainable food-water-
energy innovations (Offermans et al., 2020), wild food for health, food
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security and livelihoods (Pereira et al., 2022), and organic agriculture
for soil health (Hvitsand et al., 2022).

Despite their thematic divergences, when looking at the
sub-categorisation of McCrory et al. (2022), all SDG-Labs generally
adopted a “make and relate” approach, as they sought to create social
innovations, which were constructed and bound at the local level, but
were also informal and self-organizing in nature (see Section 1 and
Box S3, Supplementary material). Furthermore, they were highly
transdisciplinary in the sense that each SDG-Lab during the solution
design and implementation phases involved participants from four to
five major stakeholder groups, including stakeholders from local
communities, private sector, local government, academia, civil society,
and other organizations (Section 3.2). On average, each SDG-Lab
engaged over 10 stakeholders (Section 3.2), highlighting the ability of
these processes to mobilise local interest about the development of
sustainable solutions. In addition, the beneficiaries of these six
SDG-Labs varied from solely local community beneficiaries (e.g.,
Thailand) to beneficiaries from a broader industrial sector (e.g., China)
and even non-local beneficiaries such as tourists (e.g., Madagascar).

The implementation teams of the SDG-Labs were equally diverse,
with some SDG-Labs led by practitioners (i.e., Madagascar and
Uganda), others by academic researchers (i.e., Armenia, China and
Japan), and some by joint teams (i.e, Thailand; Section 3.1).
Transdisciplinarity was further enhanced through the overall design
of SDG-Labs that allowed vertical and horizontal information
exchange with international researchers in the form of coaching and
presentations at international conference venues as well as between
SDG-Lab groups (Section 2.1). Similarly, the SDG-Labs used very
diverse techniques to design/implement the biodiversity-based
solutions and engage with stakeholders (Section 3.2).

The above show clearly how SDG-Labs can follow very divergent
approaches anchored on principles of transdisciplinarity (Lawrence
etal., 2022). This further reflects the observation there is no universally
applied approach for their implementation, but can be rather flexible
in terms of methods and approaches, as long as they embrace a
participatory and multi-stakeholder mindset to transition governance
(Nevens etal, 2013; Schipke et al., 2018) with a good balance between
scientific and societal goals while addressing requirements, interests,
and limits of practitioners (Bergmann et al., 2021).

However, we need to also point, although young people can play
a critical role for sustainable food transformation and living labs (see
Section 1), the six SDG-Labs moderately achieved to include youth as
stakeholders. This does not come as a surprise as in many areas youth
was simply underrepresented in the general population due to
population ageing or migration (Section 3.5). Furthermore, many of
the solutions were geared towards agriculture, where younger
generations are generally less involved compared to their older cohorts
(Christiaensen et al., 2021).

4.2. SDG-Labs as sources of
multi-functional solutions

Beyond transdisciplinarity, another common characteristic of all
SDG-Labs was the multifunctionality of the proposed biodiversity-
based solutions. All six SDG-Labs had strong connections with
multiple SDGs (Section 3.4) and potential for climate change
adaptation and/or mitigation (Section 3.3).
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In terms of SDGs linkages, the biodiversity-based solutions
proposed by practically all SDG-Labs did not only contribute to the
biosphere-related SDGs, but also to the society-related SDGs
(Figure 3). In particular, while SDG15 and 14 (pertaining to life on
land and water respectively) were by definition the main SDGs
targeted by the proposed solutions, all SDG-Labs also contributed to
SDG13 associated with climate change. Similarly, all SDG-Labs
contributed to SDG2 on food, and many contributed to SDG3 on
health. Finally, the highly transdisciplinary nature of all SDG-Labs
(see Section 3.2 and 4.1), implies their possible positive ripple benefits
towards the creation of partnership for the SDGs and strengthening
locally the means of implementation for sustainable development
(SDG17).

A very noteworthy observation was that climate change emerged
as a strong cross-cutting theme in all SDG-Labs. This was largely
unplanned at the Open Call level (see Section 2.1). In particular
climate change featured in two main ways, as discussed below.

On the one hand, in the Armenia, Japan and Uganda SDG-Labs,
climate change was perceived as an emerging threat for the food
production systems and the wellbeing of the local communities.
Therefore, the proposed and implemented biodiversity-based
solutions sought to: (a) reduce the impact of climate change and
extreme weather events (e.g., conservation of windbreaks: SDG-Lab
Japan) or (b) improve the resilience and adaptive capacity of food
systems (e.g., innovative cropping system: SDG-Lab Armenia;
indigenous pastoralist system: SDG-Lab Uganda) and local
communities (i.e., SDG-Lab Japan; Table 4). These actions contributed
to enhancing local food availability through higher species diversity
(Table 4), which in turn contributed to climate change mitigation via
increased carbon sequestration (Section 3.3). Similar efforts to use
biodiversity to combat climate change impacts on food production
systems have been widely reported in the literature (Duarte et al.,
2020; Henry, 2020; Ojea et al., 2020; Tschora and Cherubini, 2020;
Dhyani et al., 2021; Miralles-Wilhelm, 2021). Particularly, some of the
recent discussions about NbS have encouraged tackling societal
challenges not only related to disaster risk reduction and climate
change, but also food security and human health (Cohen-Shacham
etal., 2016).

On the other hand, in some other SDG-Labs (i.e., China,
Madagascar, and Thailand), climate change was not directly
mentioned/identified as a major challenge but was inherently
interconnected with the proposed and implemented solutions. For
instance, the development of forestry-tea gardens in the SDG-Lab
China could also help tea trees adapt to the rising temperature.
Similarly in the SDG-Lab Thailand, the reforestation targeted native
food tree species that have higher tolerance to drought, which could
also help the local community and ecosystem adapt better to drought
under climate change. The restoration activities in the protected areas
of SDG-Lab Madagascar could also contribute to increasing carbon
sequestration from restored native biomass (Table 4).

Such types of climate co-benefits are not an uncommon feature of
biodiversity-based solutions for food systems. For example, the
mobilization of neglected and underutilized crop species (or orphan
crops) can enhance local food and nutrition security via agrodiversity
conservation, and at the same time help build the resilience of local
communities and agricultural systems due to their better adaptation
to challenging climatic conditions (Mabhaudhi et al., 2019). Similarly
conserving agrobiodiversity for sustainable food systems in the Hindu
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Kush Himalaya has been argued to provide a good basis for achieving
food security and agricultural sustainability, as well as for adapting to
climate change (Rasul et al., 2022).

Finally, when looking critically at the biodiversity-based solutions
and their design/implementation approaches, beyond their multi-
functionality, most SDG-Labs followed multiple pathways to the
targeted impact. For example some biodiversity-based solutions aimed
at creating societal impact via building individual capacity (e.g.,
capacity building workshops in SDG-Lab Armenia; re-discovering the
value of homestead windbreaks and home gardens in SDG-Lab
Japan). Other SDG-Labs sought to create impact via usable products
or innovative production models (e.g., tree-garden cultivation systems
in SDG-Lab China; mixed-crop cultivation systems and medicinal
plants in SDG-Lab Armenia). Other SDG-Labs sought to create
impact through novel institutional arrangements (e.g., “immersive
tourism model” in SDG-Lab Madagascar). Other SDG-Labs sought
to restore traditional systems (e.g., traditional agroforestry farming
system for degraded land rehabilitation and management in SDG-Lab
Thailand; indigenous pastoralism for ecosystem conservation in
SDG-Lab Uganda; homestead windbreaks in SDG-Lab Japan). Finally,
practically all SDG-Labs sought to create impact by building networks
and relationships considering their highly transdisciplinary nature
(Section 3.2).

4.3. Lessons learned and future research
directions

When looking critically the SWOT analysis (Section 3.5) and
other observations from the design and implementation of the
SDG-Labs (both individually and collectively), it is possible to identify
some key lessons learned to improve chances of success of future
similar initiatives. These lessons relate to the (a) knowledge/capacity/
willingness of different stakeholders and community buy-in to engage
in transdisciplinary bottom-up processes, (b) productive engagement
of the private sector, (c) underlying institutional environment
and implementation.

A factor that seemed to benefit greatly the design and
implementation of several SDG-Labs was the accumulated body of
knowledge in the local communities about the use of local resources
and ecosystems. This included for example plant species (SDG-Lab
Japan) or livestock and rangelands (SDG-Lab Uganda). It was also
encouraging that the participating farmers, local government agencies,
and even businesses in most SDG-Lab locations were aware of
resource scarcity and environmental degradation, which created a
good basis to initiate these activities. Furthermore, many local
communities and other stakeholders were already interested in joining
forces in actions towards achieving locally important goals such as
food security, improved agricultural production, income generation
or biodiversity conservation. On many occasions the local residents
had some level of capacity and willingness to participate in these
bottom-up processes and the overall decision-making process.
Conversely, in some SDG-Labs local communities were aware of
resource degradation and were willing to participate, but their capacity
to initiate/engage in bottom-up initiatives or harness modern
technologies were limited, which hindered the implementation of
some of the innovations (e.g., SDG-Lab in Armenia). Similarly in
some cases local governments also had limited capacity for the
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enforcement of sustainability policies due to different context-specific
reasons such as the decreasing reliance of local communities on local
food compared to imported food (SDG-Lab Japan). This existing
knowledge/capacity of local communities and buy in/willingness to
participate in local actions has been identified as a major factor of
success or failure in other sustainability-oriented labs (Bergmann
et al., 2021) and more broadly transdisciplinary research (Lawrence
etal., 2022). Awareness of this capacity and buy-in could potentially
help to identify promising locations to implement such approaches
targeting local sustainability transformation.

A second factor benefiting some SDG-Labs was the productive
engagement of local businesses. In particular, some of the proposed
sustainable practices were recognized to be new potential
opportunities to generate profits, especially in relation to tourism and
local food production (e.g., SDG-Labs in Madagascar and China). For
example, several of the processes in favor of capitalizing on local
actions were driven by the growing tourism sector in Madagascar that
seeks the rediscovery and preservation of local food and biodiversity,
leading to growing demand from the national market for local and
sustainably grown food. Conversely, in some cases the private sector
played knowingly or unknowingly an unproductive role for the
implementation of some SDG-Labs. For example, the conventional
tourism industry, expanding plantations or mining industries
operating in the broader areas did not have sustainability on their
agenda, and often acted as better income opportunities especially for
young people, reducing to some extent local interest for engaging in
SDG-Labs (e.g., in Uganda and Madagascar). Many studies have
discussed how buy-in from the private sector can be an important
factor for facilitating local sustainability transformation, considering
its capacity to mobilise funds and political support (Schmidt et al.,
2013; Masuda et al., 2022). However, as has been pointed in other
sustainability-oriented labs and transdisciplinary processes it is
important to ensure that the engagement of the private sector does not
trample other local needs and sensibilities, considering the generally
high power of such stakeholders (Di Maddaloni and Sabini, 2022).

A third factor that facilitated the design and implementation of
some SDG-Labs were the existing environmental policies and the
general recognition of national and local governments about the value
of local agriculture and ecosystems (e.g., SDG-Labs in Armenia,
China, and Thailand). This often helped to promote sustainable
farming systems with climate change and biodiversity conservation as
the main goal. However, there were also cases where the persistently
not firm enforcement of national environmental policies or the lack
of policies aligned with the SDGs had a negative impact on the
SDG-Labs. For example, this took a toll through continuing
deforestation (SDG-Lab Madagascar) and ongoing illegal mining
(SDG-Lab Uganda), which threatened biodiversity. Here we need to
re-iterate that conducive institutional environments have been
identified as an important factor affecting the success or
of labs,
transdisciplinary research processes more generally (Bergmann
etal., 2021).

In terms of future research, despite their diverse thematic foci on

underperformance sustainability-oriented and

biodiversity-based solutions for food systems, all six SDG-Labs were
implemented in rural settings, and mostly revolved around food
production. However, there is a growing experience of sustainability-
oriented labs in the context of peri-urban areas (Kok et al., 2019) or
urban food system transformation (Brons et al., 2022), though few
that actually develop biodiversity-based solutions. It is worth noting
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that biodiversity and other food system components are also closely
interlinked, such as food consumption (Crenna et al., 2019) or
transportation of agricultural products (Puppim de Oliveira et al,
2011). Future SDG-Labs related to food systems can further explore
possible opportunities to develop and leverage biodiversity-based
solutions in different component of food systems and urban or peri-
urban settings.

Furthermore, species diversity was the main biodiversity
component leveraged in practically all SDG-Labs, with other
components such as genetic diversity only considered in few cases
(Section 3.3; Table 4). Genetic diversity plays a substantial role for
ecosystem resilience and maintaining species diversity (Hoban
et al., 2020), and although crucial for food security, it is being lost
at an alarming rate (Oliver et al., 2015). Even though genetic
diversity was a smaller focus among the six SDG-Labs, it can
arguably to provide solutions to enhance resilience to climate
change and achieve food security goals (Wani et al., 2022), including
from crops (Mujeeb-Kazi et al., 2013; Begna, 2021), livestock
(Mottet et al., 2018) and aquatic food (Lind et al., 2012). At the same
time there have been calls for more attention to genetic diversity
(Hoban et al.,, 2020) including through dedicated goals in the recent
post-2020 Global Biodiversity Framework (CBD, 2021). In this
respect, future sustainability-oriented labs could develop possible
biodiversity-based solution for food systems leveraging on
genetic diversity.

5. Conclusion

In this paper we reported the experiences and lessons learned
from the implementation of six SDG-Labs that developed biodiversity-
based solutions as a means of transforming food systems. The results
show that these transdisciplinary and solutions-oriented techniques
can follow very diverse approaches and use very different biodiversity
components to target equally diverse and context-specific
sustainability challenges of local food systems. Furthermore, and
depending on the context, all SDG-Labs followed quite different
approaches when designing the biodiversity-based solutions and
engaging with relevant stakeholders. This suggests that there is no
universally applicable approach for the design and implementation of
SDG-Labs. Instead, what is important is to embrace actively and
unreservedly a solutions-oriented mentality and a willingness to
engage meaningfully diverse local stakeholders during the design,
implementation and eventual uptake of the solutions.

Through the SWOT analysis we synthesized the experiences and
lesson learned from all six SDG-Labs. Some of the Strengths include
knowledge accumulation in local communities regarding the use of
local plants for food or an increase in farmer awareness about resource
scarcity and environmental degradation. Opportunities include
broader market developments, for example, on the tourism sector or
on alternative food markets for locally and sustainably produced food.
Conversely some of the most important Weaknesses include the low
initiative of farmers to engage in bottom-up activities (as they are
often used to top-down project implementation), the low capacity of
local farmers to harness modern technologies, and the lack of
knowledge among young generations on local farming and other
traditional practices. Commonly mentioned Threats include the weak
implementation of environmental policies at different levels, and the
fact that many policies are not yet well aligned with SDGs.
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Collectively, the synthesis exercise reported in this paper (as well
as the broader experience from the entire process of the SDG-Labs)
suggests the great promise of this type of transdisciplinary research
approach for developing solutions at the biodiversity-food-climate
nexus. However, our accumulated experience also points to the very
diverse and context-specific challenges that must be overcome to
maximize the potential of SDG-Labs to both enable the sustainable
transformation of local food systems or be scaled up effectively in
other geographical and/or thematic contexts.
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