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Entering the UN Decade on Ecosystem Restoration, interventions referred to as nature-
based solutions (NBS) are at the forefront of the sustainability discourse. While applied in
urban, natural forest or wetland ecosystems, they are underutilized in agricultural
landscapes. This paper presents a technical framework to characterise NBS in
agricultural systems. NBS in the agriculture sector is proposed as “the use of natural
processes or elements to improve ecosystem functions of environments and landscapes
affected by agricultural practices, and to enhance livelihoods and other social and cultural
functions, over various temporal and spatial scales.” The framework emerges from a
review of 188 peer-reviewed articles on NBS and green infrastructure published between
2015 and 2019 and three international expert consultations organized in 2019–2020. The
framework establishes four essential functions for NBS in agriculture: 1) Sustainable
practices — with a focus on production; 2) Green Infrastructure — mainly for
engineering purposes such as water and soil, and slope stabilization; 3) Amelioration
— for restoration of conditions for plants, water, soil or air and climate change mitigation;
and 4) Conservation — focusing on biodiversity and ecosystem connectivity. The
framework connects the conventional divide between production and conservation to
add functionality, purpose and scale in project design. The review confirmed limited
evidence of NBS in agricultural systems particularly in developing country contexts,
although specific technologies feature under other labels. Consultations indicated that
wider adoption will require a phased approach to generate evidence, while integrating NBS
in national and local policies and agricultural development strategies. The paper concludes
with recommended actions required to facilitate such processes.

Keywords: green infrastructure (GI), sustainable agriculture, nature-based solutions (nbs), restoration,
agrobiodiversity conservation, people-centered, climate-resilience

INTRODUCTION

Report upon report stress the urgent and pressing state of the world’s rapidly degrading natural
resources (FAO, 2017; FAO, 2018; FAO, 2019; IPBES, 2019; IPCC, 2019). As we enter the UN decade
of Ecosystem Restoration, attention is brought to approaches that integrate natural ecosystems and
ecosystems that sustain livelihoods and food production (Sonneveld et al., 2018), conserve or
rehabilitate natural ecosystems, and enhance natural processes inmodified ecosystems (Cecchi, 2015;
Cohen-Shacham et al., 2016; GCA, 2019; IUCN, 2020).
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Beginning in the 2000s, and emerging strongly in development
discourses around 2017, nature-based solutions (NBS) gained
ground both as a principle and an umbrella of approaches and
technologies (Hanson et al., 2020). Deeply rooted in the discourse
on ecosystem goods and services (MEA, 2005; Nesshöver et al.,
2017), the International Union for Conservation of Nature
(IUCN) specified eight principles for NBS (Cohen-Shacham
et al., 2016; Cohen-Shacham et al., 2019) which, summarized,
embrace nature conservation norms, offer inclusive and context-
specific landscape-scale solutions, address societal challenges that
produce equitable societal benefits, draw on local and scientific
knowledge, address temporal tradeoffs between ecosystem and
economic benefits, and are an integral part of policy and
regulatory frameworks. As an umbrella, NBS is used to bridge
similar concepts and practices for natural and managed
ecosystems from different disciplines and for different needs
(Cohen-Shacham et al., 2016). For example, the Special Report
on Climate Change and Land (IPCC, 2019 p. 739) considers
ecosystem-based adaptation (EbA) as “a set of nature-based
methods” for adaptation and food security that is closely
associated with sustainable land management and water security.

When it comes to specific practices, references to NBS
predominantly feature in urban landscapes (Cecchi, 2015; IPBES,
2019) or for conservation and rehabilitation of water and forest
ecosystems (Chausson et al., 2020; OECD, 2020; UNDRR, 2020). In
particular for urban environments, work has advanced with
planning and impact evaluation frameworks for NBS, (Raymond
et al., 2017; Albert et al., 2020). Despite its increasing popularity,
there is little compiled evidence on the potential of NBS to address
problems associated with environmental degradation, disaster and
climate vulnerability in agricultural (production) landscapes. For
instance, only two out of ten NBS are for agriculture land uses in
IUCN’s seminal work by Cohen-Shacham et al. (2016). In a
systematic approach to categorize interventions for difference
ecosystems, Eggermont et al. (2015) practically lay out a typology
for how different interventions can maximize the return of
ecosystem services from natural and managed ecosystems to the
inclusive design of new agroecosystems that can meet the challenges

ahead (Table 1). This typology provides dynamic benchmarks for
many hybrid NBS to enhance their flexibility and problem-solving
capacity in agriculture and has been adapted widely. For instance,
FAO’s framework for NBS in agricultural water management
presents a scoring guide for evaluating the success or failure of
21 NBS interventions, where the score represents the degree of
ecosystem intervention, benefits of ecosystem services to
stakeholders, degree of transdisciplinarity, stability of institutional
collaboration, and financing (Sonneveld et al., 2018). This guide
focuses on learning lessons and identifying good practice. One
benefit of the typology by Eggermont et al. (2015) is it admits
the inclusion of the many autonomous ‘NBS-like’ interventions that
smallholder farmers have practiced for centuries, known as local
knowledge (Hiwasaki et al., 2014; van Noordwijk et al., 2020), and
responds to a multitude of environmental and socioeconomic
challenges beyond climate change adaptation (Shah et al., 2019).

Recently, there has been a trend of various “good practices”
increasingly being branded as NBS (O’Sullivan et al., 2020), often
as compilations of short descriptive cases with elusive criteria for
how it qualifies as NBS, good practice, or can be upscaled. For
instance, the NBS Coalition of the 2019 UN Climate Action
Summit gathered 200 NBS actions for scaling up for mitigation,
resilience and adaptation in agriculture, forests, terrestrial and
hydrological ecosystems (NBS-Facilitation Team, 2019). Some
reports conclude that NBS are flexible, cost-effective and offer
multiple solutions (GCA, 2019), and that NBS with safeguards
can provide 37% of climate change mitigation until 2030 (IPBES,
2019 p. 10). On the other hand, as corporate and public funding
are being availed for NBS, critical voices warn it may mislead as a
new ”quick fix” as certain “tree-planting” initiatives disqualify as
NBS for lack of biodiversity and people-centered considerations
(Seddon et al., 2021). Such critique demonstrate challenges with
economic valuation of ecosystems (Sonneveld et al., 2018) and
also a lacking evidence base on the effectiveness of NBS in the
Global South (Chausson et al., 2020; Seddon et al., 2021).
Stressing the need for integrated ecosystems approaches
adapted for developing country contexts, Supplementary Box
1 is provided to exemplify the pressing state of agroenvironments

TABLE 1 | Typologies of interventions within NBS for agricultural landscapes, with selected examples relevant for this paper (shaded background). Adapted from Eggermont
et al. (2015) to reflect the framework presented in Table 2.

NBS for sustainability
and multifunctionality of
managed agroecosystems

Design and management
of new agroecosystems

Better use of
natural/protected (agro-) ecosystems

Partial intervention Inclusive intervention None or minimal intervention

Develops sustainable and multi-functional ecosystems and
landscapes that improve delivery of selected ecosystem services;

Manages ecosystems in intrusive ways Maintains/improves delivery of ecosystem
services of preserved (agro-)ecosystems;

Strongly connected to benefitting from natural systems
agriculture and conserving the agroecology

Includes restoration of degraded or polluted areas using
grey infrastructures and engineering approached Incorporates areas where people live and

work in a sustainable way

Rehabilitation Rehabilitation Restoration, conservation

Examples of technological approaches:
diverse agroforestry systems, constructed wetlands

Examples of technological approaches: Examples of technological approaches:
Green infrastructure for slope stabilization,
bioremediation, integrated watershed management

Pollinator flowers, biological pest control,
natural regeneration

Field scale to landscape Watershed Connected landscapes
Years to decade Decade to decades Decades
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across Asia. It also reflects differences and diversity in land use and
governance as compared to agroecosystems in Europe and North
America, where the theoretical underpinnings of NBS originate.

This paper addresses two of these shortcomings. First, we
propose a normative framework for NBS-practices in agriculture,
bridging the conventional divide between production and
conservation and exemplifying the specific problems NBS offer
solutions to. Moreover, we frame NBS as (possibly underutilized)
solutions for pressing issues in developing countries. We refer to
NBS in the agriculture sector as “the use of natural processes or
elements to improve ecosystem functions of environments and
landscapes affected by agricultural practices, and to enhance
livelihoods and other social and cultural functions, over various
temporal and spatial scales.” We recognize that the NBS-concept
does not substitute nature conservation or conventional “grey”
engineering. Instead it offers a way to identify, prioritize and stage
solutions that combine traditional, conventional and natural
solutions in combinations to generate positive, cumulative
biophysical interactions and social benefits.

METHODS

This section outlines the scope of the framework, the iterative
process of literature review and the outcomes of expert
consultations which helped to refine the framework. The
process employed to refine the framework also helped to
pinpoint opportunities and barriers for adoption. While
developed through interactions with key stakeholders in Asia,
we regard it having wider application beyond any one region.

Particularly in developing country contexts, a useful
framework should address challenges across a spectrum from
production to conservation landscapes, and include land use
functions 1) that maintain a high degree of local knowledge
and relatively low levels of interventions; 2) for conservation and
restoration pathways, and 3) for production systems with various
land use management technologies towards restoration and
sustainable land uses (Table 1). These conditions guided the
framework formulation process.

Literature Review and Framework
Formulation
The literature search involved three strategies for delineation: 1)
Inclusion. NBS feature under different names and concepts, at
landscape scale and as practices or technologies within a system
(as exemplified in Supplementary Table 1). To keep the review
manageable, we searched for practices referred to as NBS or GI. This
would capture solutions across the spectra of
conservation—production agroecosystems as well as engineering
based NBS-technologies rarely used for solving problems in
agriculture that potentially could lead to innovative land uses or
“new agroecosystems” (Eggermont et al., 2015,Table 1). 2) Exclusion.
Studies from urban contexts or lacking agricultural purpose, having
marginal reference to NBS or branded as NBS without theoretical
reference were excluded. 3) Screening. Articles remaining after title
and abstract screening, underwent full text screening. For remaining

articles the reviewers noted name and description of the practice(s)
and intention; location, type of landscape and spatial scale; project
duration; and for empirical papers, evidence provided for social,
economic and ecological benefits. The review teammarked references
for fulltext review and point to examples 1) implemented in Asia, 2)
implemented elsewhere but technically relevant for Asia, 3) providing
new insights on economic, social or environmental impacts, or 4) as
uncertain for case-by-case exclusion. Empirical studies failing to
provide concrete information were ignored. Review articles were
used for further references.

The first round of search aimed to establish a working definition
and outline the framework. We searched ScienceDirect for abstracts
and titles with “green infrastructure” or “nature-based solution.”
This rendered 3,511 articles, in which the majority referred to urban
environments. Adding “’NOT’ urban,” the result narrowed to 419
articles. After screening, 43 articles remained, and permitted a
systematic grouping of practices according to their essential
functions and primary purpose. Following the underlying division
outlined in Table 1, the categories emerged as 1) sustainable
practices (must have a productive element), 2) green
infrastructure (must have a civil engineering function), 3)
Amelioration (must have a beneficial biochemical, biological or
microbial function), and 4) Conservation (must have a species
preservation benefit), each with two to three qualifying functions.

The second round of search aimed to build more material to
work with. We expanded the search to the practices identified as
NBS or GI by searching for “practice name X” “AND”
[“agriculture” “OR” “fisheries” “OR” “forestry” “OR” “animal
husbandry”]. This allowed the inclusion of literature where the
practice was not explicitly referred to as NBS or GI. The 25 most
recent results in ScienceDirect for each type of practice published
between 2005 and 2019 were assessed. In total, 181 out of
1,450 peer-reviewed articles were subject to in-depth review in
this step, along with seven of the original 43 articles from the
definition stage, a total of 188. This search approach may have
excluded practices that are not yet associated with NBS in the
literature, although they could have high potential. Furthermore,
since the main review was done in 2019, the number of
publications on NBS soared. Some updates were made after
the consultations in 2020 in preparation for this paper.
Making longitudinal or thematic comparisons of search term
results was beyond scope in this study. Although the reviewed
literature represented some global spread (Figure 1), most were
based in Europe or North America. Most studies reported for 1)
limited spatial (pilot, plot or part of catchment) and temporal
scales; 2) ‘one’ technology rather than sets of NBS-technologies
integrated in a landscape or interconnected; 3) one or few
monitored environmental indicators, and 4) limited
socioeconomic analysis. Similar conclusions were drawn based
on the review by Hanson et al. (2020), where 10% of 112 NBS-
articles included arable land uses.

Consultations and Further Refinement
The second stage of the framework development involved two phases
of consultations. First, the draft frameworkwas presented, tested, and
modified at a regional 2-day consultation in Hanoi in July 2019. The
35 stakeholders represented practitioners involved in designing and
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implementing NBS on the ground, national level policy makers, and
UN agencies from Indonesia, Lao PDR, Myanmar, Nepal, and
Vietnam. The second consultation took place in 2020 with two
rounds of online meetings. First with the FAO regional office for
Asia-Pacific and its network of country offices followed by a global
meeting with the FAO Technical Network on Climate Change,
which included representatives from across FAO’s technical
divisions and global network of regional and country offices.

The consultation rendered important insights for a more
problem-based rationale of the framework. First, it is important
that any NBS framework be designed with application in mind. In
practice, this means that the framework should support the design
and implementation of measures (solutions) that will address needs
or problems, isolated and cumulative, which result from ongoing
and continuous management of agricultural production systems. As
an example, one may consider a business-as-usual scenario with
conventional farming practices that manages “resource inputs (i.e.
fertilizer, irrigation water, amendments, pesticides) uniformly,
ignoring the naturally inherent spatial heterogeneity of soil and
crop conditions between and within fields [and the] uniform
application of inputs results in over and applications of
resources” (Corwin and Scudiero, 2019, section 5.8.3).

Related to this, an overarching takeaway from the sessions was
the need for human focus in the framework, particularly regarding
its utility as a tool for implementation. Both practitioners and policy
makers perceived people-centered frameworks to have better
chances for implementation and wider uptake than concepts
considered as top-down, complex, vague, technocratic, or
bureaucratic. These views reflected findings in the review, that
NBS-studies from Europe often integrated the general public as
beneficiaries of cultural and rural ecosystem services, for recreation
and well-being for example. Conversely, studies from developing
countries had farmers and local communities as the primary, often
only direct users and beneficiaries of ecosystem services, but they
rarely interacted in negotiations with the larger society. On the other
hand, some argued that too much livelihoods focus risks becoming
“another” development project that takes focus away from
environmental degradation. Responding to this, two categories

were more explicitly integrated into the framework: the spatial
and temporal scale of NBS. Incorporating a temporal scale
acknowledges that NBS have different effects over different time
periods, e.g. short—such as one crop season, medium (1–10 years),
or long-term (decades) and has implications for planning of
successions of interventions. The full benefits of NBS often
emerge on a longer timescale, while unsustainable practices can
bring quick short-term gains that hide longer-term negative effects.
The spatial scale considers in-situ and ex-situ impacts. For example,
grass strips can have in-situ (costs and) benefits for the farmer in the
field, and wider ex-situ effects, such as amelioration of pollutants or
sediments in a river, which will be experienced further downstream.
At the largest scale, carbon sequestration measures need to have
discernible effects at aggregated scales, up to global. The need for
adding scales to the framework also led to the realization of three
additional functions: biological pest control and pollination, and,
land management practices for the purposes of above and below
ground carbon sequestration to the amelioration category.

Discussion also took place at the conceptual level. One question
emerged of what NBS could add to EbA, which was considered a
more established concept. The question is warranted, as many
reviewed papers presented unclear or confounded definitions of
NBS and GI (if definitions were present at all). In the agriculture
sector, we particularly note inconsistent naming conventions and
similar practices and concepts referred to by different names (c.f.
Supplementary Table 1). Compared to the cases in the Global
North, many concepts such as ecosystem services, agroecology,
climate-smart agriculture, and NBS have not had the chance to
become fully mainstreamed in policy. Therefore, although
technically many practices are known, when framed as a new
concept it often must undergo a policy integration cycle. Concept
fatigue was reflected particularly among the decision makers, who
were questioning the need for another concept when policy makers
are still struggling to integrate “sustainability” or “ecosystems” in the
legislation. A framework with compilations of NBS-practices as in
Supplementary Table 2, presents a menu of alternatives to and
pathways from conventional agricultural practices while also
illustrating the bridging function of the concept.

FIGURE 1 | Countries represented in the NBS review (129 out of 188 papers with country-specific field experiments, excluding literature reviews and laboratory
experiments).
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A third discussion centered around a possibility of NBS
being promoted regardless of the root cause of the problem.
This, many argued, run the risk of making NBS technology-
oriented and supply-driven, rather than outcome-oriented and
demand-driven, and as such, legitimising “lack of capacity” as

a barrier for adoption among reluctant farmers. In contrast,
when farmers experience demand for a product, they often find
their own ways to overcome technical capacity gaps. The
motivation to accept uncertainties involved with changing
practices can vary considerably, even among homogenous

TABLE 2 | The NBS framework for agricultural landscapes.

Essential function Nature-based solution
contributory mechanism

Indicative spatial scale of impact Indicative
temporal scale
of effectiveness

Unit People

1. Sustainable practices 1.1 Sustain or increase agricultural production by
means other than standard approaches to the
availability of water or nutrients, or plant breeding

Field Household: income and
food

Short to medium
termMust have a productive

element

1.2 Retain or increase available nutrients in soil,
water and plants, in plant-or animal-available forms

Field Household: income and
food

Short to medium
term

1.3 Improve microclimate at the soil surface or in
the cropping zone, by beneficial regulation of any
combination of moisture, humidity, air movement or
temperature

Field or
landscape

Household: income and
food

Short to long term

Community: vulnerability
and well-being

2. Green infrastructure 2.1 Regulate water flows (energy, rate or volume)
on soil surfaces, in soil masses and at water body
peripheries

Field or
catchment

Household: income and
food

Medium term

Community: vulnerability
and health

Must have a structural
engineering function

2.2 Prevent soil erosion by armouring a slope or
watercourse bank, or by catching eroding material
(safeguard topsoil quantity)

Field or
catchment

Household: income and
food

Medium term

Community: vulnerability
and health

2.3 Enhance slope stability against shallow mass
failures by roots or other natural products increasing
soil shear resistance, anchoring through failure
planes and supporting soil masses by buttressing
and arching (safeguard soil masses)

Field or
landscape

Household: income and
food

Medium term

Community: vulnerability
and well-being

3. Amelioration 3.1 Remove, degrade or contain pollutants in
water, soil or air through any one or combination of
natural physical, chemical or biological agents (bio-
and phytoremediation)

Field or
catchment

Household: income and
food

Medium term

Community: vulnerability
and health

Must have a beneficial
biochemical, biological or
microbial function

3.2 Restore or stimulate beneficial biota for soil
health, pollination or pest control, in the soil, cropping
zone or nearby environment

Field Household: income and
food

Short to medium
term

3.3 Remove or store atmospheric carbon in soils or
plants

Global All societies: vulnerability
to climate change

Medium to long
term

4. Conservation 4.1 Increase or protect biological diversity and
habitat, either wild or modified (field scale)

Field Household: income and
food

Medium to long
termMust have a species

preservation benefit

4.2 Enhance connectivity, area or health of
ecosystems (large scale)

Catchment or
landscape

Community:
vulnerability, health and
well-being

Long term

Source: Landscape from ICIMOD (http://www.icimod.org/?q�rps_riverbasins). Wave (2.1) Abstract vector created by freepik - www.freepik.com. Landslide (2.3) original icon from www.
clipartmax.com. Bee (3.2) and tree (4.1) original icons made by Smashicons from www.flaticon.com. Cow (3.3) icon made by Nhor Phai from www.flaticon.com. All other icons made by
Freepik from www.flaticon.com.
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groups of farmers, as shown in a European case study (e.g.
Gatto et al., 2019).

Other key points that were raised include whether NBS is
considered as a disruptive solution, or whether it can work
alongside industrialized monoculture to reduce negative
ecological impacts; and the importance of establishing policy
drivers and incentives for NBS including comprehensive
economic costing to establish clear evidence of benefits to
decision makers and establish commercial viability to the
private sector and farmers. These issues are discussed in
further depth in Considerations for Implementation of NBS.
Each consultation concluded that a technical framework could
be a helpful tool to identify and match nature-based “solutions”
with immediate intentions against a longer-term view.

THE NATURE-BASED SOLUTIONS
FRAMEWORK

This section outlines the framework with consultation feedback
incorporated and provides explanation of the essential functions
with examples of measures as emerged from the literature review.
The full list of practices mapped to specific functions is stated in
detail in Supplementary Table 2.

Framework Overview and Technical
Dimensions
The framework (Table 2) builds on the use of NBS in response to
challenges in agricultural landscapes (Figure 2), and consists of
four essential functions that can be used to gradually add
functionality, purpose and scale in project design (Table 1)
with measures categorized according to their essential, or
primary function:

1) Sustainable practices—primarily for production purposes,
including natural nutrient and microclimate management,
e.g. agroforestry and windshields. Anticipated benefits to
people include more diverse and/or higher production
quality, more stable productivity, safeguarded livelihoods,
and reduced damage by temperature stress.

2) Green infrastructure—primarily for engineering purposes,
including physical regulation of water and soil, and slope
stabilization, e.g. grass strips, hedgerows, or terraces using
natural material. Benefits include reduced damage by mass
movement or additional fodder grass.

3) Amelioration—primarily for restoration of conditions for
plants, water, soil or air and climate change mitigation, e.g.
bio- and phytoremediation and mangroves. Benefits include

FIGURE 2 |NBS for agriculture landscapes. The corresponding numbers are found in Table 2. Source: Landscape from ICIMOD (http://www.icimod.org/?q�rps_
riverbasins). Wave (2.1) Abstract vector created by freepik - www.freepik.com. Landslide (2.3) original icon from www.clipartmax.com. Bee (3.2) and tree (4.1) original
iconsmade by Smashicons fromwww.flaticon.com. Cow (3.3) iconmade by Nhor Phai fromwww.flaticon.com. All other icons made by Freepik fromwww.flaticon.com.
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safe water, reduced health impacts stemming from biological
pest control and carbon sequestration.

4) Conservation—primarily for maintenance or increase of
ecological health at field or landscape scales, e.g. natural
fallow or regeneration. Benefits include general well-being,
cultural and spiritual benefits, safeguarded biodiversity,
supported nutrient cycles, and increased resilience to
environmental stress.

The production (1) and conservation-oriented (4) purposes
frequently appear in the literature and easily lend themselves to be
contrasted, such as in Table 1. “Conservation” in agricultural
landscapes should be distinguished from “conservation” and
protection of natural ecosystems. However, NBS are
multifunctional and provide synergy benefits. For example,
perennial systems could contribute to all four NBS-categories.
Similarly, root causes to declining agriculture productivity can
often be traced to neglected management in all four categories.

The establishment of an ecologically functional system can be
achieved by systematically building up ecosystem functions
through different components over time (succession) or
joining areas (connectivity). As such, the framework can
stimulate multidisciplinary action towards higher social and
environmental outcomes. Spanning from the first category
there is more focus on socioeconomic co-benefits, in
companion with the second group many solutions can be
implemented on small scale with return to the landowner/
user. Further towards the third and fourth groups come
increasing biodiversity co-benefits, the focus shifts more on
planning for successions that 1) take longer time, 2) and/or
require larger landscapes, and to build-up of natural buffers/
conditions for those ecosystems to restore functions and return
benefits to people. Such objectives are more effective through
organised groups of land users/owners or communities, as
socioeconomic benefits are possible, e.g. amelioration and
carbon sequestration with multifunctional plants that generates
non-(timber)-tree products. Similarly, there can be trade-offs
involved between the four essential functions. For example,
root causes to declining agriculture productivity can often be
traced to neglected management in all four categories. If
agriculture production is a subsidiary priority, or can be
compensated for, the interventions can target larger spatial
scales or aim for achieving higher environmental values, i.e.
amelioration and conservation goals. The nature of some
challenges may call for immediate action to avoid further
environmental deterioration, such as removing toxic
substances or reducing natural hazard risks.

The Functions
Sustainable Practices
First, “production”-oriented practices make use of the multiple
ecosystem functions of trees, plants and (wild or domesticated)
animals for agricultural production, while minimizing the
negative environmental impacts of the production (Daryanto
et al., 2018) such as regenerative agriculture and conservation
agriculture.

For example, trees in alley cropping can play multiple roles: 1)
tree crops for food and fodder production, 2) perennial alley
crops, 3) trees for crop facilitation via shade, and 4) within-system
tree diversity (Wolz and DeLucia, 2018). In agroforestry and
sloping agriculture land technologies, in addition to production
contributions, plants may also perform green infrastructure
functions if, for example, planted as grass strips, or nitrogen-
fixing legumes used as green mulch and fruit trees, planted along
contours (McIvor et al., 2017; Are et al., 2018; Geussens et al.,
2019).

Green Infrastructure
In the reviewed examples, GI practices were used for structural
stabilization of slopes and controlling the flow of water and soil at
field or catchment scale. Often GI entails the use of selected
species which maximize their purpose such as root structure and
morphology for erosion control, slope reinforcement or wave
energy reduction. In the non-agriculture sphere, one main
purpose of GI is disaster mitigation. Common examples were
those of constructed wetlands for water regulation, storage and
flood control. For example, in the United States and
New Zealand, ecological infrastructure of wetlands with
riparian forest, floodplains and constructed wetlands (Mander
et al., 2005; Watson et al., 2016). Mangroves also have
documented direct and indirect benefits for coastal protection
and adaptation for both urban and rural livelihoods, small-scale
fisheries, and ecosystems (Tran and Bui, 2013; Diop et al., 2018;
Rahman and Mahmud, 2018).

Viewing NBS from the perspective of “design of new
agroecosystems”, we searched for evidence of engineered
technologies essentially qualifying for multiple agriculture and
non-agriculture purposes.

Agronomic Measures
When agriculture species plays the role of vegetation in GI,
multiple functions are rendered. For example, grass strips
control soil erosion and return crop yields (Are et al., 2018),
where vetiver grass also can act as phytoremediation to trap
phosphorous (Huang et al., 2019), or cut for animal feed. The
efficiency of a catch crop also depends on physical elements, such
as slope gradient (Novara et al., 2019) and root structure. Some
papers related micro-terraces and built terraces as green
infrastructure for agriculture (Zuazo et al., 2011; Liu et al.,
2018). In northern India for example, simple weed strips and
weed mulch also created micro terraces, which resulted in
reduced soil erosion and higher yields (Lenka et al., 2017).

Engineering Structures
Agricultural waste can also be used as construction material for
green infrastructure. For example, geotextiles made from local
material such as bamboo, rice and wheat straw, and maize stalks
were used to stabilize slopes in Lithuania, China, Thailand, and
Vietnam, sometimes in combination with contour planting, with
reported higher biomass production and crop yields, compared to
no geotextiles (Bhattacharyya et al., 2012). There were no
examples among the reviewed literature, but it is possible to
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imagine green slope stabilization measures on non-agriculture
soils, providing non-timber forest products.

Amelioration—Phyto- and Bioremediation
Phytoremediation — the use of living green plants, and
bioremediation — the use of microorganisms to break down
or degrade contaminants, are considered cost-effective and
environmentally friendly technologies for cleaning up polluted
sites or preparing sludge before it is reintroduced to the
environment. In the United States and Indonesia, a set of
methods to control agricultural runoff, such as vegetated
swales, enhanced stream buffers, denitrifying bioreactors, and
constructed wetlands were referred to as GI (Anbumozhi et al.,
2005), while according to our framework, their main functions
place this measure into the category of amelioration. Many
reviewed bio- and phytoremediation interventions were local,
and studies therefore species-focused.

Bioremediation
The number of patents for new bioremediation technologies for
water and soils are increasing at a fast rate, especially in China. A
review showed that patents for using bioremediation agents, such
as bacteria, enzymes, and fungi were more common than algae,
plants and protozoa, as most patents targeted oil contaminants
(Quintella et al., 2019). Specifically, in agricultural environments,
anaerobic denitrifying bioreactors (hydraulic retention and
biochar) can remove agricultural pollutants from farmland to
surface waters, such as pesticides (Villaverde et al., 2018;
Hassanpour et al., 2019). Of the 25 reviewed papers on
bioremediation, most were concerned with removing nitrates,
and with three Asian countries represented: China (5), India (1)
and Pakistan (1). Within bioremediation, site selection and
design are two important aspects. For example, denitrifying
bioreactors require design that is resistant to differences in
water flow during storm events to avoid leakage (Pluer et al.,
2019). Among the literature featured many laboratory
experiments, which suggests that this is an area where new
and more advanced technology can be expected. Promising
results were shown with rice straw instead of woodchip as
carbon source in the bioreactor (Liang et al., 2015).

Phytoremediation
In phytoremediation, plants are purposely selected to extract
pollutants from soil and water, or to exclude pollutants from
biomass, or a combination of both (Jonsson and Haller, 2014).
Through the search, we identified 14 studies on
phytoremediation, most with the primary objectives being
pollution control and desalinization. The extraction capacity of
plants is important to inform about the potential use of
remediation plants for feed or food. For example, to recover
pesticide contaminated cotton soils in Nicaragua, scientists
compared the distribution of persistent organic pollutants in
different vegetative organs in three cultivars of amaranth.
Overall, although the type and amount of pollutant that each
cultivar extracted from the soil varied significantly, parts that
could provide feed, stems and leaves, accumulated higher
concentrations than the roots and seeds (Haller et al., 2017).

The uptake and translocation of antibiotics in maize is another
example of the potential use of agricultural crops for
phytoremediation (Zhang et al., 2019). A recent review
illustrates the efficiency of agriculture and forestry plants in
metal extraction from mercury-contaminated soils and water,
and also risks of accumulation in edible tissues for animal and
human health (Tiodar et al., 2021).

In constructed wetlands, different riparian vegetation types
such as coniferous, deciduous broad leaf or evergreen broad leaf
forests, aquatic or herbaceous plants play different roles that are
designed for controlling and managing water pollution (Wang
et al., 2018). For some purposes, phytoremediation in constructed
wetlands may perform better together with other technologies for
removing toxic agrochemicals, such as bio-mixtures for
biopurification (Gikas et al., 2018). Functions of riparian zones
and buffer strips and their designs are described by Mander et al.
(2017). Specifically, the width of the vegetated buffers, which may
vary between 1 and 4,000 m, matters for protecting water sources
and crops against pesticides depending on the habitat —
something which is not reflected in legal documents (Gene
et al., 2019).

Climate Change Mitigation
While many practices have production or conservation purposes
(e.g. FAO, 2016a; Zomer et al., 2016; Hernández-Morcillo et al.,
2018; Rosenstock et al., 2018), their contributions to climate
change mitigation appear underestimated in the reviewed NBS
and GI practices—or conversely, were seldom referred to as NBS
or GI in the literature search. However, when tree planting for
carbon sequestration comes at the cost of biodiversity and local
rights to resources, it is a distraction from the meaning and
intentions of NBS (Seddon et al., 2021). One exception was
hedgerows, which increase soil organic carbon but often
struggle to get recognition as a mitigation contributor
(Hernández-Morcillo et al., 2018).

Possible explanations, despite numerous policy and funding
mechanisms, could be that the scale of interventions necessary for
a significant global impact is difficult to monitor, conflict with
landscape diversification, or compete with other land uses and
ecosystem goods and services (Namirembe et al., 2015; Cohen-
Shacham et al., 2016).

Conservation
For the conservation category, in landscapes with human impact the
main purpose is to build up connected ecosystems, ecosystems
functions and biodiversity, temporarily such as natural fallows,
long-term or permanently, such as natural forest regeneration.
Various landscape approaches aim to achieve multiple goals from
ecological intensification of crop production with biodiversity focus
(Garibaldi et al., 2019) to ecosystem services within payments for
ecosystem services (PES) schemes (Holt et al., 2016; Karabulut et al.,
2019). One particular intention with practices under this essential
function, is to ecologically connect conservation agriculture on field-
units across larger landscape mosaics in landscape approaches (Holt
et al., 2016).

The review illustrated that integration of practices can connect
patches in the landscape. First, in Europe with functional
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agrobiodiversity approaches, where permanent grassland and
crop diversification within ecological focus areas involved a
certain percent of arable land that was set aside to be used for
field margins, hedges, trees, fallow land, landscape features,
biotopes, buffer strips, and afforested area (Delbaere et al.,
2014). Similarly, connectivity was achieved with ecological
infrastructures, such as woodland hedges, rosaceous hedges,
grass strips, wildflower strips, and field margin (Rosas-Ramos
et al., 2018). In Pakistan, an example of EbA included connecting
landscapes through practices such as crop rotation,
intercropping, agroforestry, crop diversification, live fencing,
and wind barriers by trees (Shah et al., 2019). These examples
show that many biodiversity conservation practices also
contribute to ameliorative functions, such as carbon
sequestration and pollinators (IPCC, 2019), that build up
multiple ecosystem values over time.

Temporal and Spatial Scales: Sequencing,
Successions, and Connections
Foreseen and unforeseen risks affect land use decisions across
spatial and temporal scales. As conservation challenges are rarely
foreseen, “best practice” solutions, which denotes predictability, are
ill-suited for complex systems (Game et al., 2014). Instead, NBS
need to be designed as a series of interventions to reinforce the
resilience of ecosystems in order to prevent, reduce, respond to, or
adapt to existing or anticipated stressors. An important aspect of
the “conservation” function in the framework is therefore the
process of connecting or expanding NBS-measures to cover
larger timescales and areas of the landscape. These scales can be
considered as a mosaic onto which we may overlay physical
disruptors, e.g. environmental degradation, invasive species, pest
and disease pathways, and interventions that connect landscapes,
e.g. biodiversity corridors and constructed wetlands.

Prioritisation includes identifying the sequencing order for a
stable succession. For example, natural regrowth and root
development in riparian wetlands take years (Frątczak et al.,
2019) and the full effect of trees for slope stabilisation comes
decades later (Stokes et al., 2010). Timing the interventions thus
depends on natural regeneration processes, as well as when
implementers expect to see certain benefits. The benefits (or
dis-benefits), and urgency of them, can be perceived and
prioritized differently by certain groups at various scales from
field-farm-farmer to landscape-ecosystem-community scales
(UNEP, 2021). Important aspects of successful NBS involves
responsive decentralized management (Game et al., 2014),
removing barriers that focus on short-term economic returns
to cover investments and to focus on an affordable succession of
NBS practices that pay back over time.

CONSIDERATIONS FOR
IMPLEMENTATION OF NATURE-BASED
SOLUTIONS
This section moves from consolidation of definitions of practices
under the framework, to considerations for implementation.

Factors and gaps emerging from the literature are discussed, as
well as insight which emerged from the consultation workshops.

Economic Dimensions
The economic argument for adoption, which was stressed in
consultations from the dual perspectives of farmers and decision
makers of developing countries was not reflected in the literature.
Ten reviewed papers included economic assessments of the
practice itself or of the environmental values of the practices.
Among these are economic estimates calculated on management
approaches to reduce sediment loads (Mtibaa et al., 2018) and
agriculture runoff (Gikas et al., 2018; Irwin et al., 2018). A study in
Tunisia by Mtibaa et al. (2018) found that while contour ridges
alone halved the sediment yield, the most cost-effective option
was a combination of practices, including buffer strips,
conversion to orchard, and grass strip cropping. Similarly,
Gikas et al. (2018) showed that two low-cost options with
plants in constructed wetlands, performed better when
combined with bio-mixtures containing coconut fibre for
biopurification. Other estimates, such as those by Irwin et al.
(2018), related the improvement in water quality from reduced
agriculture runoff with an associated value for residents and
recreation users. Here, ten percent improved water quality
resulted in a “lifetime cost benefit ratio” of 2.9.

Shortcomings in economic assessments can be attributed
several issues:

First, difficulties in correctly evaluating ecosystem values. For
example, the effects and valuation of agroforestry ecosystem
services were clearer at the farm/plot scale, whereas attribution
easily got blurred in the mixed land uses at landscape scale (Kay
et al., 2019). The scales add challenges when negotiating
economic and socio-cultural stakes in landscapes with diverse
tenure and management.

Second, difficulties extrapolating results from smaller
empirical studies, e.g. the role of pollinator services for global
scale food production. To overcome this, Melathopoulos et al.
(2015) devised an approach to estimate values of pollinator
services from three different assumptions: 1) the degree of
dependency of crops on pollinators; 2) pollinators need
different habitats and pollinate different crops (wild versus
domesticated) hence the cost to retain them will vary; 3)
whether the price of the ecosystem service is aligned with the
risk, e.g. the value depends on the probability of a bee pollinator
collapse.

Third, underlying economic assumptions of grey versus
green infrastructure depend on how risk, investment costs
and value of losses are calculated. For example, Onuma and
Tsuge (2018) tried to determine when green infrastructure is
preferable to grey for disaster risk reduction. This was done by
developing parameters to compare the two options in view of
hazard, population potentially affected, and associated
vulnerability. Although their primary focus was not on
agriculture, similar valorization principles can have
applications for GI in agriculture. For example, grey
infrastructure is designed as a defense to one particular
natural hazard and breaks at a certain magnitude, while
mixing grey with green infrastructure can be more durable.
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Additionally, costs are often lower for recovering green
infrastructure after a disaster event.

Lastly, NBS interventions need to consider surrounding land-
use change, such as increasing rents on intensive agriculture land,
which will likely drive costs for conservation and carbon credit
compensations (Phelps et al., 2013). One review pointed out that
many studies, especially in developing countries, fail to specify
baseline conditions to which cost-effectiveness evaluations are
made. This is partly due to a shortage of available georeferenced
data on agriculture management, costs and prices (Ovando and
Brouwer, 2019). Data shortage also risks misinterpreting
conservation vis-a-vis production interests (sparing versus
sharing debates), where the historical management contexts
are required to understand the ecological values and trade-offs
(Angelstam and Lazdinis, 2017; Naumov et al., 2018), not the
least in the light of potential tenure issues (FAO, 2016b; Carter
et al., 2017; Borelli et al., 2019). Furthermore, the ongoing rapid
land-use changes across Asia (Tenneson et al., 2021) may make it
difficult to determine a baseline or an “ecological equilibrium” to
reflect “ecological health.” More studies involving a long-term
lens on economic assessments can contribute to better estimates
of avoided loss and damage by NBS and similar interventions and
stimulate adoption.

Social Dimensions and Long-Term
Adoption
Several studies in the NBS review indicate that farmers may not
adopt sustainable practices despite having witnessed ecosystem
benefits, because of increased initial costs, labour inputs, or
customs and preferences (Chapman and Darby, 2016;
McWilliam and Balzarova, 2017; Cerdà et al., 2018). To
overcome this, farmers’ willingness to adopt new practices can
be influenced by presenting cost-benefit assessments of different
management options. Examples included cover crops in various
ecosystems (Daryanto et al., 2018) and a system-dynamics
modelling study on paddy field management from Vietnam,
where the dynamics between farmers and their rice agriculture
operations were integrated with the role of fluvial sediment
deposition within their dyke compartment (Chapman and
Darby, 2016). The latter study found that triple-cropping was
only optimal for the wealthier farmers and in the short-term,
while sluice gate management to enable soil nutrient
replenishment would be a more economically and
environmentally sustainable practice.

Despite a vast body of literature concerned with piloting
different types of compensations for land use conversion,
particularly PES, few mentioned NBS. In Uganda, Geussens
et al. (2019) investigated farmers willingness to accept eight
practices (qualifying as sustainable production or GI in this
framework: i.e. minimum tillage, mulching, contouring,
trenches, grass strips, agroforestry, and riverbank protection)
under nine different compensation levels, or PES contracts.
The study drew two important lessons for NBS. First, the
biggest difference between willing and reluctant PES-adopters,
concerned their perceived benefits. Their preferences depended
on the intervention, the compensation level, and whether they

received community funds or individual compensation. Second,
project designers contrasted willingness to adopt and the reduced
effectiveness of scattered practices. Hence, a minimum number of
farmers were required for landscape benefits. The willingness to
accept was high when the need for a different solution had
reached a certain threshold, such as severity of degradation
(the Uganda example), or when farmers have run out of other
viable options. Ultimately, PES schemes would benefit land uses
with high ecosystem values by combining marketable and non-
marketable ecosystem services, such as biomass production and
groundwater, soil quality, carbon sequestration, or penalizing
land-uses with dis-benefits (Kay et al., 2019).

Illustrating complex trade-offs in transparent ways can help to
reach negotiation solutions. For instance, Rosa-Schleich et al. (2019)
reviewed the economic and environmental trade-offs among nine
diversified farming practices. For each practice, they developed a
matrix of ecological and economic benefits, which were converted
into two axes. The space showed what clusters of practices were
perceived to give high ecological benefits (agroforestry), high
economic benefits (structural elements), or high in both (organic
agriculture). Similarly, for the purpose of restoring an
environmentally degraded mangrove ecosystem in Bangladesh,
scientists developed a relative environmental and economic
matrix with a quantitative cost-benefit study on four silvo-fishery
systems under different restoration scenarios: integrated mangrove-
shrimp, crab-mangrove, mangrove bio-filtering, and nypa-shrimp
over three periods between 0 and 10+ years (Rahman andMahmud,
2018). Both studies showed that combinations of practices with
multiple functions were beneficial, particularly when the
introduction of structural elements have insignificant economic
or productive motives. Moreover, interventions that require
decades to mature, such as mangrove restoration, also strongly
depend on community participation and governance
commitment (Rahman and Mahmud, 2018).

Policy Dimensions
Among the evidence for long-term adoption and
transformation, the review raised examples of where NBS-
practices were embedded in institutional and policy decisions
that went beyond subsidies and conservation goals. For
example, Albert et al. (2017) identified four premises for
economic valuation of ecosystem services: 1) an institutional
analysis to establish uses of nature and incentives of different
stakeholders, 2) cost-and-benefits associated with the change in
nature, 3) public and private sources of incentives to land
managers, and 4) trade-off assessments between societal goals
to establish winners and losers coming with the policy package,
in their case the Common Agriculture Policy. The benefit of
long-duration policies was shown similarly in an 18 year-long
study from Italy, which concluded that through a persistent
government policy, the different needs of different farmer
typologies could be met, from early to late adopters (Gatto
et al., 2019). Their study on implementing and maintaining
hedgerows, reported that early adopters required that the
compensation could be integrated with their income-
generating activities, while the next group of adopters were
those who received support to plant new hedgerows rather than
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those who maintained their existing ones. The third phase of
adopters were motivated by social pressure and public
acknowledgement of farmers’ work, and the late adopters
followed when they felt pressure from neighbor farmers
rather than the public. The role of governments for setting
policies and long-term pathways is repeated also for regulating
public goods where PES-markets are limited, such as fish and
fish habitats (Mulazzani et al., 2019).

Some studies found that blanket policies fail to reflect the
complex realities and trade-offs (Holt et al., 2016). The
consultation workshops generated more practical insights to
this literature. First, underlying causes of farmers’ reluctance,
such as control over resources, are rarely addressed and instead
generally “solved” by training and sensitization. For example,
tenure insecurity is known to restrict smallholder farmers’ longer-
term investments in diverse perennial farming systems (Borelli
et al., 2019). Second, existing governance barriers, such as rigid
policies and institutional silos, were overlooked in many studies.
Such barriers can demotivate both decisionmakers and grassroot
initiatives. For example, a structured analysis within seven
Indonesian government institutions identified broad gaps and
inconsistencies for institutionalizing valuation into policy (Phelps
et al., 2017). Third, the workshop participants were largely in
agreement that sufficient, stable and long-term support was
lacking at the landscape-scale NBS across Asia. Exemplifying
the importance of this as a precondition included Vietnam’s
national PES policy, which after almost a decade of
implementation still has difficulties reaching impact at scale.
Among the reasons raised were that no compliance is
required, and the net benefits are so low (fixed, non-negotiable
compensation) that often only community-based payments are
viable to payout. Moreover, while community compensation is
often preferred by the poorer households, this is unlikely to
motivate adopters in the long run if living standards improve.
Incentives and policies to change from short to long-term
sustainable behaviors are urgently needed, notably from
government or companies buying the products. The Uganda
case suggested, that since PES compensations are generally low
and may be subject to changing compensation levels, (wealthier)
farmers who do not need payments, should not receive them even
if they make interventions (Geussens et al., 2019). Decision
support tools seem to be used in the initial stages of research
projects, while the review gave little evidence for them becoming
permanently integrated in decision processes. Four papers
concerned tools for negotiating human-environmental-
governance relationships, typically trade-off models for
anticipating or assessing policy impacts on ecosystems (Rega
et al., 2018; Karabulut et al., 2019).

Nature-Based Solutions as a Disruptive
Solution
The consultation workshops confirmed an urgent need for
system-level interventions in agriculture that can effectively
address multiple challenges simultaneously. One concern
expressed in the first consultations was that some (decision
makers, private sector interests) may view NBS as a

troublemaker if promoted as a replacement for industrialized
monoculture or “grey” infrastructure. Some argued, if NBS can
appear alongside monocultures, it could gradually and more
easily be “mainstreamed” into large-scale agriculture
landscapes, such as rice-cultivated deltas, to mitigate some of
the most harmful impacts. Others commented that such entry
points would limit opportunities to fully use nature to restore
ecosystem services, such as providing habitat for pollinators and
natural predators. Following the need to address complex
challenges, the consultations indicated that one selling point of
the NBS framework is to demonstrate how to break spirals where
agriculture cause environmental problems (e.g. overuse of
agrochemicals spilling into waters) which create new problems
for agriculture production (e.g. polluted soils and water impacting
on pollinators and food safety), and how these problems are
connected across landscapes. Few of the reviewed papers made
substantial references to how NBS interventions could contribute
to international commitments. Conceptually, the NBS-
framework provides entry points to harmonize goals of several
UN Conventions, such as on climate change, land degradation,
biological diversity, and Sustainable Development Goals.

A concrete example to bypass two persistent obstacles for
adoption: financial support and technical knowledge, could be to
use decision support tools for comparing when GI is preferable to
grey infrastructure (Onuma and Tsuge, 2018). This can be
translated into loss and damage recommendations from, for
example, economic assessments of benefits from GI for flood
control (Watson et al., 2016), or post-disaster assessments of
impacts on watershed services and water security (HLPE, 2019).
Like the consultations pointed out, higher level public officers
may be motivated to co-invest in implementation if NBS can
attract private investments (FOLU, 2019). More importantly, to
sustain long-term effects of NBS and GI, studies often highlight
governance and the role of community, private and public sector
engagement (IUCN, 2020; Monteiro et al., 2020; Dumitru et al.,
2021). The nature of such relationships is fundamentally diverse
across the globe, and each setting need to find their own new
modalities.

Transboundary Challenges and Opportunities of
Nature-Based Solutions
The literature review did not present solutions to the transboundary
nature of many challenges, especially water-related ones, although
many NBS examples seem fit for such purposes. Certain lessons can
be drawn from catchment projects, such as PES, about acceptable
compensation levels and their duration. Furthermore, successful
NBS implementation will likely benefit from breaking up some
institutional silos. This requires a common terminology and
international policy frameworks. To illustrate this process is the
development of ASEAN agroforestry guidelines, where ministers
agreed on a regional strategy. Subsequent work nationally is
described in Catacutan et al. (2018) and Singh et al. (2016).
Further, NBS overlap with some of the Committee on World
Food Security’s principles on guiding frameworks on rights,
livelihoods and tenure (CFS, 2014). For instance, in relation to
Principle 6 “Conserve and sustainably manage natural resources,
increase resilience, and reduce disaster risks,”NBS can represent a set
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of environmentally sound practices that also can reduce the negative
impacts of agriculture. Additionally, a stronger rights and co-
investment perspective can be added to the NBS framework from
the Responsible Investment in Agriculture and Food Systems
(RIAFS), which offer a set of non-binding principles to promote
responsible investments that specifically contribute to food security
and nutrition.

Proof of Evidence From the Top Down and Bottom Up
The consultations pointed out that proof of evidence was viewed
vital for the initial adoption of NBS. Details of such evidencemust be
worked out with various stakeholders in an agricultural landscape
(Table 3), as the interests and motivation vary among land owners
and users, decision makers, private sector, and the public.

Approaches need to accommodate both stable policies that
motivate change and community engagement that ensures local
problems are addressed. Although positive spill-over effects on
adoption were noted over time in some European studies (e.g.
Gatto et al., 2019), prerequisites for NBS-adoption outside
European contexts need to be better understood. Collecting good
practices could aim to fill specific data gaps on e.g. measurable
benefits and ecological health. As evidence is generated, what counts
as NBS will likely continue to evolve over time. Allowing a credible
degree of flexibility within a concept is necessary, as an over-reliance
on best practices recommendations can hinder creativity, co-

learning, and may result in maladaptation (Game et al., 2014;
Schipper, 2020; Eriksen et al., 2021). Furthermore, it was
discussed whether landscape diversity requires a certain degree of
homogeneity or heterogeneity among farmers, farm sizes or their
activities. To opt for scaling of best practices may not always be
desirable or achievable given the diversity of situations and problems
in any specific agricultural area and community. Therefore, there
was strong agreement among consultation participants that NBS
need specific entry points to pursue opportunities to transition from
short to long term impacts. For instance, through environmental
economics accounting, “green GDP,” or capping a maximum for
environmental debts that can be moved into the future. Another
entry point was “urgency triggers,” as certain practices may only be
adopted once a certain ecological (or economic) state worsens in a
location or group, such as after a disaster, when human and
environmental health needs demanded or were pushed by
consumers or farmer organisations. Urgent entry points relate to
the importance of a well-established baseline and setting common
goals and success indicators—all essential parts of planning tools.
One suggestion was that NBS-landscapes can be planned where a
minimum level of “success” of NBS can be considered when
resiliently building up vital ecosystem functions while delivering
the social and ecosystem benefits people expected.

More transparent value chains were seen a precondition, where
social media was perceived a tool to remove some distorted market

TABLE 3 | Categories of needed actions and possible concrete examples.

Action Concrete examples

Develop diagnostic assessment tools with applied assessments of key
landscapes, to identify where there is potential to implement NBS. Tools need to be
flexible enough to capture the contexts for NBS over space and time, including trade-
off analyses of winners and losers, impacts on agriculture production and on natural
ecosystems.

The NBS framework presented here, and an NBS Planning Tool (to be developed in
separate publication), are provided as initial tools that can be further adapted.
Development of practical guidance for implementation of NBS, based on diagnostic
assessments.

Identify and agree upon landscapes to target for NBS applications particularly
landscapes with high levels or risk of agroecosystem degradation based on agreed
intervention criteria and potential for NBS adoption.

Review the status of degradation across agricultural landscapes and prioritize sectors
with the highest environmental costs for NBS interventions.
Apply NBS diagnostic assessments in the preparation of project design exercises
targeting restoration of agroecosystems

Set up multidisciplinary networks with ongoing NBS sites for application and
demonstration of the NBS framework and related approached. and including
awareness raising activities, capacity building and exchange tours.

Use participatory integrated landscape designs and simulations to help to build up
functional ecosystems with values that also motivate land users over time.
Create dialogue platforms for value chain actors to understand how NBS approaches
can deliver wider value for value chain level recognition (e.g. branding or product
narratives) and resilience

Implement complementary NBS approaches via action research, participatory
experiments and scaled-up actions to complement existing development projects
and loans with an NBS outlook.

Participatory, multidisciplinary integrated landscape designs and simulations to help
to build up functional ecosystems with values that also motivate land users over time.
Integrate indigenous knowledge and approaches into a suite of NBS options for agriculture.

Establish regular longitudinal monitoring and reporting systems for NBS-sites
to study on-site and peripheral impacts, (before) during and after project completion,
including reporting on people’s indicators of wellbeing. Monitor benefits and
disadvantages of larger adoption of NBS over different spatial and temporal scales.

Set up phytoremediation recommendations to prevent agriculture runoff into waters
and reservoirs, for different problems and with species for different purposes, e.g.
compost, feed, bioconstruction material. Measure the change in labor inputs.
The NBS Monitoring Tool is an initial tool that can be further adapted.

Where relevant, link NBS work in agriculture to policy processes including
national policy priorities linked to the SDGs as wells as global processes on NBS such
as IUCN’s NBS standards and the NBS Initiative

Develop cost/benefit analysis of NBS applications in agriculture to allow for easy
comparison of NBS and traditional approaches
Organize policy consultations to identify and review purposeful qualification criteria
and indicators of NBS for agroecosystems.
Ensure local indicators contribute to national reporting targets, e.g. NDC.

Identify ways to scale-up NBS via traditional, public funds and innovative financing
mechanisms.

Set up competitive start-up or innovation funds for your agri-entrepreneurs to invest in
new marketable nature-based solutions.
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information, especially when the policy development process was
too slow. Equally important to identifying entry points, is the
development of a common vision for NBS as part of broader
efforts to support more sustainable and resilient food systems.
This framework for nature-based solutions in agricultural systems
is a response to a gap in available tools and guidance on how NBS
can be applied to the agriculture sector.

This NBS framework is designed to provide policy makers and
practitioners with guidance to develop inclusive, multi-purpose
and nature-positive solutions to support the improved
management and long-term sustainability of agricultural
production systems. It is currently being tested with a
companion project planning tool by FAO in five South and
Southeast Asian countries to facilitate such intentions.

Looking ahead, Table 3 outlines categories of needed actions
and possible concrete examples based on consultations. The
framework developed in this report can provide needed
guidance to inform this work.

CONCLUSION

The literature review and case studies presented at the regional
workshops indicated that NBS approaches to date have been small in
scale and focused on marginal lands at the fringes of major
production landscapes. Empirical evidence on NBS and GI for
agroecosystems is biased to western contexts. Few reviewed
papers presented evidence of socioeconomic benefits of NBS.

The consultations identified limits to and potentials for
adoption of the framework in major production landscapes with
significant agroecosystem degradation. The consultations
recommended that planning of successions is critical for
achieving resilient impacts at scale and over time, to 1) select and
sequence what and how to intervene to generate positive biophysical
interactions and social benefits in and between agroecosystems, and
2) sustainably expand connectivity of positive interactions. In
developing contexts, a gradual approach, based on decentralized
piloting and demonstration of NBS approaches in a range of
ecozones and socioecological contexts, would allow a mosaic of
small-scale cases to be connected through a process of exchange and
adaptive learning via networks and ecological interconnectedness.
Such gradual approach would build up much needed evidence from
practices and landscapes on the scalability of best practices and how
to adapt NBS principles for implementation in developing countries.

To be effective, NBS in agriculture will require the identification
of entry points with the support of a wide range of actors in the
production landscape (farmers, communities and resource
managers, local government extension workers and advisors at

farm and landscapes scales, downstream value chain actors at
local and global levels and national policy makers). Partnerships
of actors, public and private, based on mutual interest in restoring
major production landscapes through NBS are needed to ensure a
wide support and the most potential to lead to lasting change in
management practice. Policies can support the long-term
commitments needed for restorative NBS approaches. The NBS-
framework can facilitate the documentation of promising designs
and practices for an overarching program of action. The next steps in
testing the application of this framework involves reviewing evidence
from Asia on the potential contributions of NBS to national polices
for climate resilient agriculture, land restoration, biodiversity and
sustainable development targets.
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