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Preamble
This report has been prepared as part of an 
effort by IUCN to define its position on Nature-
based Solutions (NbS) and plan for future work 
to advance this concept and support effective 
implementation of NbS to enhance ecosystem 
services provision and address societal 
challenges.

The report proposes a definitional framework 
for NbS, including a set of general principles for 
any NbS intervention. The report also defines 
the scope of NbS as an umbrella concept 
embracing a number of different ecosystem-
based approaches. These NbS approaches 
include, for example, ecological restoration, 
ecological engineering, forest landscape 
restoration, ecosystem-based adaptation, 
ecosystem-based mitigation, ecosystem-based 
disaster risk reduction, green infrastructure, 
ecosystem-based management, and the various 
area-based conservation approaches such as 
protected area management. 

The report considers several potential 
parameters that can be used to build an 
operational framework, on the basis of which 

the efficiency, effectiveness and sustainability 
of NbS interventions can be systematically 
assessed. IUCN is committed to supporting 
further development of an operational 
framework for NbS. The report outlines how the 
Ecosystem Approach offers a solid foundation 
for the NbS concept.

Finally, the report presents ten case studies of 
NbS applications from around the world. These 
cases have been chosen to represent the range 
of ecosystem services and societal challenges 
that can be addressed by NbS interventions. 
The report looks at some of the lessons learned 
from these cases and discusses the importance 
of building an evidence base for NbS in order to 
support future replication and upscaling.

It is hoped that this report will provide 
conservation and development practitioners, 
policy makers and researchers, as well as civil 
society organisations, with a useful basis for 
understanding what Nature-based Solutions 
involve and what they offer in terms of benefits 
for human and nature, by contributing to 
resolving societal challenges. 
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Executive summary 
Nature-based Solutions (NbS) are defined by 
IUCN as actions to protect, sustainably manage 
and restore natural or modified ecosystems, 
which address societal challenges (e.g. climate 
change, food and water security or natural 
disasters) effectively and adaptively, while 
simultaneously providing human well-being 
and biodiversity benefits. The NbS concept, 
as used in environmental sciences and nature 
conservation contexts, has emerged within the 
last decade or so, as international organisations 
search for ways to work with ecosystems – 
rather than relying on conventional engineering 
solutions (such as seawalls) – to adapt to and 
mitigate climate change effects, while improving 
sustainable livelihoods and protecting natural 
ecosystems and biodiversity. 

NbS is a relatively ‘young’ concept, still in the 
process of being framed. There is a need now to 
deepen our understanding of NbS and confirm 
the principles upon which NbS is based, in order 
to move towards an operational framework that 
can guide applications of the NbS concept. The 
following set of NbS principles are proposed. 

Nature-based Solutions:
1.	 embrace nature conservation norms (and 

principles);
2.	 	can be implemented alone or in an 

integrated manner with other solutions to 
societal challenges (e.g. technological and 
engineering solutions);

3.	 	are determined by site-specific natural and 
cultural contexts that include traditional, 
local and scientific knowledge;

4.	 	produce societal benefits in a fair and 
equitable way, in a manner that promotes 
transparency and broad participation;

5.	 	maintain biological and cultural diversity 
and the ability of ecosystems to evolve over 
time;

6.	 	are applied at the scale at a landscape;
7.	 	recognise and address the trade-offs 

between the production of a few immediate 
economic benefits for development, and 
future options for the production of the full 
range of ecosystems services;

8.	 	are an integral part of the overall design 
of policies, and measures or actions, to 
address a specific challenge.

NbS is best considered an umbrella concept 
that covers a range of different approaches. 
These approaches have emerged from a variety 
of spheres (some from the scientific research 
domain, others from practice or policy contexts) 
but share a common focus on ecosystem 
services and aim to address societal challenges. 
These NbS approaches can be classified into: 
(i) ecosystem restoration approaches (e.g. 
ecological restoration, ecological engineering 
and forest landscape restoration); (ii) issue-
specific ecosystem-related approaches (e.g. 
ecosystem-based adaptation, ecosystem-based 
mitigation, and ecosystem-based disaster risk 
reduction); (iii) infrastructure-related approaches 
(e.g. natural infrastructure and green 
infrastructure approaches); (iv) ecosystem-
based management approaches (e.g. integrated 
coastal zone management and integrated water 
resources management); and (v) ecosystem 
protection approaches (e.g. area-based 
conservation approaches including protected 
area management).

A lack of operational clarity presents a major 
obstacle to the credibility and applicability of 
new concepts in the fields of conservation 
and development. Several parallel exercises 
are currently underway to develop operational 
parameters for specific NbS approaches (such 
as Ecosystem-based Adaptation and REDD+), 
each proposing its own set of criteria. Many 
of these criteria could be relevant for other 
approaches within the NbS ‘family’ and there 
is likely an overarching set of parameters, or 
‘standards’, that can guide implementation of 
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all types of NbS interventions. To help in this 
endeavour, five preliminary parameters are 
proposed: ecological complexity, long-term 
stability, scale of ecological organisation, direct 
societal benefits and adaptive governance. 

By unifying NbS approaches under a single 
operational framework, it becomes possible to 
scale up their implementation and strengthen 
their impact in mitigating the world’s most 
pressing challenges.
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1.1	Development of the NbS 
concept

G Walters, E Cohen-Shacham, S Maginnis, P 
Lamarque (authorship unless otherwise stated)

1.1.1	 Origins of NbS
Nature-based Solutions (NbS) use ecosystems 
and the services they provide to address 
societal challenges such as climate change, 
food security or natural disasters. IUCN defines 
NbS as: “Actions to protect, sustainably manage 
and restore natural or modified ecosystems 
that address societal challenges effectively and 
adaptively, simultaneously providing human 
well-being and biodiversity benefits.”1

Nature-based Solutions can often be used in 
conjunction with others types of interventions. 
Food security challenges, for example, are best 
addressed using a combination of measures 
including NbS (e.g. introducing agroforestry 
systems, restoring wetlands) as well as more 
conventional solutions such as improving 
access to food and making trade policy more 
supportive of local food supply (see Figure 1).

Recognition of the fundamental role that 
ecosystems play in supporting human well-
being is a cornerstone of many indigenous 
peoples’ belief systems and has been reflected 
in traditional knowledge systems for centuries. 
However, it was only in the 1970s that the 
idea of environmental or ecosystem services 
began to establish itself in the modern scientific 
literature. By the 1990s it was generally 
realised that a more systematic approach was 

required to document and understand this 
relationship between people and nature. The 
2005 Millennium Ecosystem Assessment, itself 
a product of this growing awareness, provided a 
strong evidence base for subsequent policies 

1.	What are Nature-based 
Solutions?

Figure 1. Forests and their restoration as Nature-based 
Solutions that can complement other measures to 
address, in this case, food security

1	 This definition was developed and agreed within IUCN through a consultative process. More details on a proposed 
definitional framework for NbS are provided in Section 1.2.2.

The NbS concept is 
increasingly being 

developed and applied 
by IUCN and other 

organisations, such as the 
European Commission.
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to promote the conservation, restoration and 
sustainable management of ecosystems while 
also taking into account the increasing demands 
placed on ecosystem services (Millennium 
Ecosystem Assessment, 2005). A few years 
later, during the late 2000s, the term ‘Nature-
Based Solutions’ emerged, marking a subtle 
yet important shift in perspective: not only were 
people the passive beneficiaries of nature’s 
benefits, but they could also proactively protect, 
manage or restore natural ecosystems as 
a purposeful and significant contribution to 
addressing major societal challenges. 

The emergence of the NbS concept in 
environmental sciences and nature conservation 
contexts came as international organisations, 
such as IUCN and the World Bank, searched 
for solutions to work with ecosystems rather 
than relying on conventional engineering 
interventions (such as seawalls), to adapt to 
and mitigate climate change effects, while 
improving sustainable livelihoods and protecting 
natural ecosystems and biodiversity (Mittermeier 
et al., 2008). Following the same approach, 
‘Natural solutions’ has been used as a similar 
concept, in this case focusing on the particular 
role of protected areas in offering solutions to 
societal challenges such as climate change and 
desertification (Dudley et al., 2010). 

More broadly, the development of the NbS 
concept has been firmly grounded in global 
practice as the nature conservation and 
development sectors, formerly viewed as having 
contradictory objectives, have moved toward a 
common recognition of the positive as well as 
negative linkages between people and nature. 
This has been evidenced by, for example, the 
emergence and evolution of the whole field of 
sustainable development. Similarly, perspectives 
on nature conservation have broadened 
considerably over the last half-decade, 
expanding beyond an exclusive focus on the 

protection of wilderness and wild, charismatic 
species to approaches that tackle the drivers 
of biodiversity decline such as pollution and 
the loss of species habitats. More recently, 
the conservation agenda has evolved further 
to embrace a more complex understanding of 
social-ecological systems, as evidenced by 
the establishment of the Ecosystem Approach, 
which was endorsed and adopted by the 
CBD in 1995 (Mace, 2014; CBD, 2004).2 The 
international ambitions of both the sustainable 
development and biodiversity conservation 
communities now clearly take into account the 
need to provide sustainable benefits for people 
and the broader environment.

1.1.2	 Current status of the NbS concept
To date, the term NbS has been used mainly 
in communications targeting policy makers 
and with the exception of two scientific briefs 
(MacKinnon et al., 2011; MacKinnon & Hickey, 
2009), it has only recently started to be used in 
the scientific literature (e.g. Eggermont et al., 
2015; Kabisch et al., forthcoming.; Kabisch et 
al., 2016; Maes & Jacobs, 2015). 

The NbS concept is increasingly being 
developed and applied by IUCN and 
other organisations, such as the European 
Commission. IUCN actively promoted the NbS 
concept in its 2009 position paper on the United 
Nations Framework Convention on Climate 
Change (UNFCCC) COP 15, and in 2012 IUCN 
formally adopted NbS as one of the three areas 
of work within its 2013-2016 Programme. For 
its part, the European Commission has made 
NbS part of its Horizon 2020 Research and 
Innovation Programme and is investing in a 
series of projects to strengthen the evidence 
base on NbS (Maes & Jacobs, 2015). Part 
B of this report describes a small fraction of 
the many and varied practical applications of 
the NbS concept in developed and emerging 
economies around the world.

2	 For discussion on how the Ecosystem Approach can provide a foundational basis for the development of an operational 
framework for NbS, see Section 5.2.



44

1.1.3	 Milestones in the development of 	
	 NbS
The timeline shown in Figure 2 highlights the 
major milestones in the evolution of the NbS 
concept, including the following publications 
and events:

•• The World Bank report, Biodiversity, Climate 
Change and Adaptation: Nature-Based 
Solutions from the World Bank Portfolio 
(World Bank, 2008);

•• IUCN’s position paper on the UNFCCC 
COP 15 (IUCN, 2009);

•• Natural Solutions: Protected areas helping 
people cope with climate change, a report 
commissioned by IUCN-World Commission 
on Protected Areas, The Nature 
Conservancy, UNDP, Wildlife Conservation 
Society, the World Bank and WWF (Dudley 
et al., 2010);

•• A workshop on ‘Nature-Based Solutions in 
a BiodivERsA context’ (Balian et al., 2014);

•• A series of publications focusing on Nature-
based Solutions (e.g. Eggermont et al., 
2015, Maes & Jacobs, 2015, European 

Commission & Directorate-General for 
Research and Innovation, 2015, Potschin et 
al. 2015).

Figure 2. Timeline of the development of the NbS concept

Nature-based Solutions 
are defined as actions to 

protect, sustainably manage, 
and restore natural or 

modified ecosystems, that 
address societal challenges 
effectively and adaptively, 
simultaneously providing 

human well-being and 
biodiversity benefits.
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1.2	 Defining NbS

E Cohen-Shacham, S Maginnis, M Smith, A 
Andrade, M Jones, N Dudley, C Martinez, C 
Kumar.

1.2.1	 Multiple definitions of NbS
The term NbS has been defined and used in a 
number of different ways. For example, IUCN 
and the European Commission have developed 
their own definitions of NbS, which while 
broadly similar (they share the overall goal of 
addressing major societal challenges through 
the effective use of ecosystem and ecosystem 
services) have a few significant differences (see 
Table 1). IUCN’s definition emphasises the need 
for a well-managed or restored ecosystem to 
be at the heart of any NbS, while the European 
Commission definition is somewhat broader and 
places more emphasis on applying solutions 
that not only use nature but are also inspired 
and supported by nature.

1.2.2	 A proposed definitional framework 	
	 for NbS

Good science requires the use of precise 
definitions rather than phrases working as 
metaphors (Aronson, 2011). Furthermore, as 
multiple definitions of NbS develop, they may 
lead to some confusion about the concept and 
potentially hinder its development and uptake. 
In order for NbS to become operational, a clear 
definition and a set of principles are needed. 

In this context, IUCN recently undertook a 
brief consultation process with practitioners 

and scientists across its networks as the 
basis for establishing an IUCN definitional 
framework for NbS. This framework includes 
three components: (i) the overarching goal 
of NbS, (ii) a definition of NbS; and (iii) a list 
of NbS principles. The articulation of these 
three elements will enable a coherent set 
of parameters, or standards, for NbS to be 
developed (see Section 5). This process 
is illustrated in Figure 3 and the proposed 
articulations are set out below.

Overarching goal of NbS
NbS are intended to support the achievement 
of society’s development goals and safeguard 
human well-being in ways that reflect cultural 
and societal values and enhance the resilience 
of ecosystems, their capacity for renewal and 
the provision of services. NbS are designed to 
address major societal challenges, such as food 
security, climate change, water security, human 
health, disaster risk, social and economic 
development.

NbS definition
Nature-based Solutions are defined as actions 
to protect, sustainably manage, and restore 
natural or modified ecosystems, that address 
societal challenges effectively and adaptively, 
simultaneously providing human well-being and 
biodiversity benefits.

NbS principles
Based on our consultations, a list of preliminary 
principles was developed for NbS. To define 
that list, several existing frameworks were 

Table 1. IUCN’s and the European Commission’s definitions of NbS (main differences highlighted in bold text)

IUCN definition European Commission definition

Actions to protect, sustainably manage and 
restore natural or modified ecosystems that 
address societal challenges effectively and 
adaptively, simultaneously providing human 
well-being and biodiversity benefits.

Living solutions inspired by, continuously 
supported by and using Nature designed 
to address various societal challenges in a 
resource efficient and adaptable manner and 
to provide simultaneously economic, social and 
environmental benefits. (see Maes & Jacobs, 
2015)
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Table 2. Clarification of terms used in the NbS definitional framework

Overall goal 
of NbS

Definition of 
NbS

Principles of 
NbS

Operational 
parameters 

for NbS 

Figure 3. Establishing a definitional framework for NbS, to support the development of standards for NbS applications

Note: The green represents steps already completed while the orange represents work that is planned.

analysed (e.g. Ecosystem Approach and its 
principles, Ecosystem Services approach, the 
original list of principles for NbS in the 2013-
2016 IUCN Programme (IUCN, 2013b) and 
others (Woodhouse et al., 2015).

A set of NbS principles, to be considered in 
conjunction with the NbS definition, will be 
essential in providing a full understanding 
of NbS for IUCN. The eight proposed NbS 
principles are as follows:

Nature-based Solutions:
1.	 embrace nature conservation norms (and 

principles);
2.	 can be implemented alone or in an 

integrated manner with other solutions to 
societal challenges (e.g. technological and 
engineering solutions);

3.	 are determined by site-specific natural and 
cultural contexts that include traditional, 
local and scientific knowledge;

4.	 produce societal benefits in a fair and 
equitable way, in a manner that promotes 
transparency and broad participation;

5.	 maintain biological and cultural diversity 
and the ability of ecosystems to evolve over 
time;

6.	 are applied at a landscape scale;
7.	 recognise and address the trade-offs 

between the production of a few immediate 
economic benefits for development, and 
future options for the production of the full 
range of ecosystems services; and

8.	 are an integral part of the overall design 
of policies, and measures or actions, to 
address a specific challenge.

Tables 2 and 3 provide further explanation of the 
thinking behind this definitional framework for 
NbS.

Term Clarification

Ecosystems This term refers to and addresses all types of ecosystems, including natural and 
modified ecosystems.

Societal NbS explicitly address societal challenges. The solutions are not aimed at 
addressing only environmental challenges or minimising only environmental 
impacts, although these may be part of what the NbS is targeting.

Actions This term was chosen to underline the need for active solutions to major societal 
challenges. All NbS interventions are nature- or ecosystem-based solutions, and 
do not include interventions that are merely inspired by nature, such as biomimicry.
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1.3	Applying the NbS concept: an 
introduction

1.3.1	 What does NbS look like in 		
	 practice?

NbS has been applied in a wide variety of 
sectors and to address a plethora of societal 
issues, as will be outlined in detail in Sections 2 
and 3. NbS interventions can take many forms 
including, for example:

•• Restoring and sustainably managing 
wetlands and rivers to maintain or boost 
fish stocks and fisheries-based livelihoods, 
reduce the risk of flooding, and provide 
recreational and tourism benefits (see for 
example Case study 7); 

•• conserving forests to support food and 
energy security, local incomes, climate 
change adaption and mitigation, and 
biodiversity (see for example Case Studies 
4 and 5);

•• restoring drylands to strengthen water 
security, local livelihoods and resilience to 
climate change impacts (see or example 
Case Study 6);

•• developing green infrastructure in urban 
environments (e.g. green walls, roof 

gardens, street trees, vegetated drainage 
basins) to improve air quality, support 
wastewater treatment, and reduce 
stormwater runoff and water pollution 
as well as improve the quality of life for 
residents (see for example Case Study 9);

•• using natural coastal infrastructure such 
as barrier islands, mangrove forests and 
oyster reefs to protect shorelines and 
communities from coastal flooding and 
reduce the impacts of sea-level rise (see for 
example Case Studies 3 and 8). 

A hypothetical scenario of an NbS is shown in 
Figure 4. This case illustrates two important 
points about NbS interventions: (i) they can 
complement other measures (as mentioned 
above); and (ii) they can involve the use of 
natural areas or conservation measures that 
were originally established for a purpose other 
than that of the NbS.

This hypothetical case relates to a protected 
area in a coastal landscape. The protected 
area, originally created to provide an intact 
habitat for a particular rare species, is located 
near a watershed that is bordered by human 
settlements. In the past, flooding had not been 

Basis for principle development Principles developed

Nature-based Solutions are no substitute for nature conservation and 
they embrace nature conservation and its principles. At the same time, 
not all conservation efforts would necessarily be considered NbS.

Principle 1

NbS offer one group of solutions, among numerous others, to solve 
global societal challenges; NbS can complement, and be implemented 
alongside, other types of interventions. 

Principles 2, 8

A clear objective of NbS should be to support cultural and social 
components and values.

Principles 3, 4, 5

NbS are context-specific, both in time and space. For example, 
although climate change is a global issue, the issue can be addressed 
in different ways, at different scales, and in different parts of the world. 
The appropriate NbS will need to be tailored to the specific conditions 
present.

Principle 3, 4

Table 3. Foundational ideas used in the development of NbS principles
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a frequent problem as the forest and wetland 
had been able to absorb a large part of any 
storm surges. Over time however, deforestation 
and degradation of the forest and wetland 
ecosystems have left the expanding settlements 
more susceptible to flooding. The remaining 
forest in the protected area now plays a critical 
role in absorbing flood flows. In order to 

strengthen the ability of the protected area to 
perform this ‘new’ function and reduce flooding 
risk, it needs to be reconnected to the wider 
landscape to improve the entire watershed’s 
functionality. The main NbS intervention – 
namely, restoration of the watershed, including 
the protected area – is therefore undertaken 
in combination with other NbS interventions 

Figure 4. Hypothetical scenario of Nature-based Solutions being used in conjunction with infrastructure development and 
protected area conservation
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(such as mangrove replanting and wetland 
restoration) and conventional measures (such 
as construction of a concrete flood barrier). 
Together these solutions not only mitigate 
flooding, but also support biodiversity and local 
livelihoods.

1.3.2	 A typology of NbS applications
Analysis by BiodivERsA ERA-NET, a network 
of national and regional funding organisations 
that supports pan-European research on 
biodiversity and ecosystem services, has 
produced a typology of NbS interventions (see 
Figure 5). The proposed typology categorises 
NbS interventions along two gradients: (i) the 
required level of engineering of biodiversity and 
ecosystems involved in the NbS; and (ii) the 
level of enhancement of ecosystem services 
achievable by the NbS (Eggermont et al., 2015). 
This typology identifies three main types of NbS:

•• Type 1: solutions that involve making 
better use of existing natural or protected 
ecosystems (e.g. measures to increase fish 
stocks in an intact wetland to enhance food 
security);

•• Type 2: solutions based on developing 
sustainable management protocols and 
procedures for managed or restored 

ecosystems (e.g. re-establishing 
traditional agro-forestry systems based on 
commercial tree species to support poverty 
alleviation); and

•• Type 3: solutions that involve creating 
new ecosystems (e.g. establishing green 
buildings (green walls, green roofs)).

Such a typology can help in categorising 
the wide variety of NbS approaches into 
different groupings, based on sets of shared 
characteristics, as a means of framing the 
NbS concept and considering the kinds of 
approaches that would classify as NbS. This 
classification is further explored in the next part 
of this report, Section 1.3.3. 

Figure 5. A typology of NbS showing three main categories of solutions based on natural, restored and new ecosystems
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1.3.3	 NbS as an umbrella concept for 	
	 ecosystem-related approaches

In framing NbS and considering its applications, 
it is useful to think of it as an umbrella concept 
that covers a whole range of ecosystem-related 
approaches all of which address societal 
challenges. 

These approaches can be placed into five main 
categories, as shown in Table 4. 

These approaches, most of which actually 
predate the emergence of NbS, generally fulfil 
the NbS definition, set out in Section 1.2.2. 
They also share many similarities, for example 
in terms of the ecosystem services they 
address and the types of interventions they 
involve. These approaches can therefore not 
only be clustered together under NbS as the 
overarching concept (as shown in Figure 6), 
but also contribute to the development of an 
operational framework for NbS (as discussed 
later in Section 5). More details on most of 
these approaches, and how they relate to each 
other and to NbS, are provided in Section 3 and 
Annexes 1 and 2. 

1.4	NbS initiatives at IUCN

A wide range of NbS-related initiatives is being 
undertaken by IUCN and its Members. These 
can be divided into two broad categories: (i) 
building the knowledge base for NbS; and (ii) 
putting NbS into practice. This section touches 
on just a few examples of each of these areas of 
work. Further examples of practical applications 
of NbS by IUCN are found in Case Studies 4, 6 
and 10 in Part B of this report.

In the Oceania region, for example, IUCN’s work 
on NbS focuses on water resource management 
and coastal resilience and management. The 
Mangrove Ecosystems for Climate Change 
Adaptation and Livelihoods (MESCAL) and the 
Pacific Mangrove Initiative are two examples of 
such work. These initiatives aim to increase the 
resilience of Pacific Island countries to climate 
change, through adaptive co-management of 
mangroves and associated ecosystems in target 
countries. 

In the Mediterranean, the IUCN Centre for 
Mediterranean Cooperation has launched an 

Category of NbS approaches Examples

Ecosystem restoration approaches Ecological restoration
Ecological engineering
Forest landscape restoration

Issue-specific ecosystem-related approaches Ecosystem-based adaptation
Ecosystem-based mitigation
Climate adaptation services 
Ecosystem-based disaster risk reduction

Infrastructure-related approaches Natural infrastructure
Green infrastructure 

Ecosystem-based management approaches Integrated coastal zone management
Integrated water resources management

Ecosystem protection approaches Area-based conservation approaches including 
protected area management

Table 4. Categories and examples of NbS approaches 
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initiative to identify NbS work in the region, 
select those NbS projects demonstrating best 
practice, and develop and disseminate these 
case studies to help improve knowledge of NbS 
and support upscaling of NbS in the region. 

The Nature Conservancy, an IUCN Member, 
is focusing its NbS-related work on producing 
support material for secondary school education 
(TNC, n.d.) and communication of NbS (Weigel 
& Metz, 2015), as well as supporting the 
development of green infrastructure (UNEP, 
2014). In France, the National IUCN Committee 
and its members have been working since 2014 

on the role of NbS in climate change mitigation 
and adaptation strategies (UICN France, 2015). 

Work by IUCN and its partners on the Blue 
Solutions project, provides a global platform 
to collate, share and generate knowledge and 
capacity for sustainable management and 
equitable governance of coastal and marine 
ecosystems, as ‘Blue’ Solutions (GIZ, 2015).3 
This work has been expanded to look at 
Nature-based Solutions relating to protected 
areas, under the Panorama initiative, which 
aims to collect and share case studies of these 
solutions (IUCN, 2016).

3	 The Blue Solutions project is being implemented by the Deutsche Gesellschaft für Internationale Zusammenarbeit, 
GRID-Arendal, IUCN and the United Nations Environment Programme, funded by the Federal Ministry for the 
Environment, Nature Conservation, Building and Nuclear Safety of Germany under the International Climate Initiative.
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Figure 6. NbS as an umbrella term for ecosystem-related approaches
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2.1	Nature-based Solutions for 
water security

M Smith, R Welling

Built infrastructure alone 
is increasingly unlikely 
to provide future water 
security and resilience 
against predicted climate 

change impacts (Ozment et 
al., 2015; Dalton & Murti, 2013). 

New demands on solutions for water security 
are emerging in a global context where about 
four billion people – 60 percent of the world’s 
population – live in regions with a state of near-
permanent water stress, where net withdrawals 
of surface and groundwater meet or exceed 
the available supply, meaning that no additional 
water is available for ecosystem use or to meet 
future demand. Water stress is exacerbated by 
pollution; some 80-90% of all wastewater in 
developing countries is discharged directly into 
surface water bodies, creating severe risks for 
human health (Corcoran et al., 2010).

Applying NbS by harnessing the water-related 
services of ‘natural infrastructure’, such as 
forests, wetlands and floodplains, will help 
combat the risk of water crisis, particularly in 
the face of future climate stresses (Ozment et 
al., 2015). For example, in the case of flood 
risk management, whereas flood-control 
infrastructures such as levees and dams 
often degrade aquatic habitat by altering the 
natural river flow regime and cut off floodplains 
from rivers, preserving floodplains and/
or reconnecting them to rivers can instead 
provide flood management benefits while also 
conserving ecosystem values and functions 
(Ozment et al., 2015; Opperman et al., 2009). 

As nature is both the source of our water and 
a water user itself, solutions to water security 
must consider ‘water for nature and nature for 
water’ (Smith, 2013). 

However, nature alone cannot guarantee water 
security for people in every situation. Both 
built and natural infrastructure are needed for 
efficient and effective management of water 
resources (Smith, 2013). The value of water-
related ecosystem services – to people’s well-
being, to food and energy security, to industry, 
the economy and to the engines of economic 
growth in cities – make nature a fundamental 
building block of water security. If we account 
for nature’s services and invest wisely, nature is 
a source of solutions for water security. 

Nature-based Solutions for water security are 
addressed in SDG 6 on ensuring sustainable 
water management, including through 
integrated water resource management 
approaches.

2.2	Nature-based Solutions for 
food security

G Walters

Food security – the availability 
of food that is accessible 
to all, safe and locally 
appropriate, and reliable 
through time and across 

space – is one of the major 
issues facing the world today 

(IUCN, 2013a). More than 795 million people 
are estimated to be undernourished, the vast 
majority of whom live in developing countries 
(FAO et al., 2015). 

2.	Nature based Solutions to 
specific societal challenges
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In the past, food security has been considered 
an issue of agricultural production. However, 
recent thinking suggests that ‘technical fixes’ 
to food production will be insufficient on 
their own to improve food security. Solutions 
will need to be multi-faceted, including 
for example adapting food systems to 
environmental change, understanding the 
wider issues underpinning food security, and 
mainstreaming climate change perspectives in 
development initiatives (Ericksen et al., 2009). 
When food security is conceptualised with an 
ecosystem-aware approach, it moves beyond 
considerations of productivity, trade and 
macro-economic issues – to take on a holistic 
view of sustainable food systems (Mohamed-
Katerere, & Smith, 2013; see also Case Studies 
4 and 6).

There are therefore many entry points for 
Nature-based Solutions to address food 
security issues. These include, for example, 
protecting wild genetic resources (animal and 
plant), managing wild species (especially fish), 
and providing irrigation water. Focusing on the 
restoration, conservation and management 
of ecosystems to deliver services can help 
stabilise food availability, access and use 
during periods of natural disaster, climate 
change, or political instability (IUCN, 2013b). 
Specific examples include protecting plant 
resources from pest and disease outbreaks 
(Macleod et al., 2016), addressing water and 
food security together (Hanjra & Qureshi, 2010), 
using forest landscape restoration approaches 
(Kumar et al.,2015), and addressing land tenure 
issues. 

Food security is addressed by the Sustainable 
Development Goal (SDG) 2 on zero hunger and 
under which there is provision, along with other 
solutions, to maintain ecosystems and develop 
sustainable food production systems; however, 
food can also be interconnected to all SDGs 
(Rockström & Sukhdev 2016).

2.3	Nature-based Solutions for 
human health

C Van Ham

The natural environment, 
and more specifically 
ecosystems, the climate 
and biodiversity, are 
increasingly recognised as 

being influential determinants 
of human health, well-being 

and social cohesion (Naeem et al., 2015; 
Barton & Grant, 2006). There is an established 
and diverse body of evidence detailing 
these complex linkages and their underlying 
mechanisms (Hartig et al., 2014; Keniger et al., 
2013; Bowler et al., 2010).

Several studies have focused on how the 
benefits of green space encounters (whether 
active or passive) can influence health and 
well-being. These include improvements in 
environmental quality, such as heat regulation 
and noise abatement (Hartig et al., 2014), the 
promotion of physical activity and associated 
Body Mass Index improvements (Thompson 
Coon et al., 2011), enhanced social interaction, 
social inclusion and cohesion and perceived 
safety (Maas et al., 2009; De Vries et al., 
2003), and opportunities for spiritual well-
being experiences, typically in more remote 
‘wilderness’ green spaces (Warber et al., 
2013). Ecosystems such as forests and coral 
reefs have also been found to play a vital 
role in providing a source of medicines and 
pharmaceutical products (Stolton & Dudley, 
2009; Colfer et al., 2006), which greatly 
contribute to human health and well-being.

In order to capture the multiple benefits of 
nature for health and well-being, broader 
stakeholder collaboration is needed, as is the 
integration of nature across policy domains at 
all levels. 
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NbS to human well-being are addressed by 
SDG 3, SDG 11 and SDG 13, which focus on 
human health and well-being.

2.4	Nature-based Solutions for 
disaster risk reduction

R Murti

Major disasters in the 
past decade have clearly 
demonstrated the role 
nature plays in reducing 
risks to natural hazards. 

Following Hurricane Katrina, 
the US Congress approved 

US$ 500 million for the restoration of its coastal 
national parks and salt marshes, following 
evidence that the parks and marshes had 
helped reduce the damage. Similarly, the 
Government of Japan declared the expansion 
of its coastal forests, in the form of the Sanriku 
Fukko Reconstruction Park, as these forests 
had helped reduce the impacts of the tsunami 
caused by the Great East Japan Earthquake in 
2011 (Renaud & Murti, 2013). 

These experiences demonstrate that the 
regulatory role of ecosystem services can 
be cost-effective in reducing risks posed to 
society by disasters. A study conducted by 
Swiss Reinsurance demonstrates that every 
dollar invested in protection of the Folkestone 
Marine National Park in Barbados can avoid 
US$ 20 million-worth of annual damages 
from hurricanes (Mueller & Bresch, 2014). 
Ecosystems such as wetlands, forests and 
coastal systems can reduce physical exposure 
to natural hazards by serving as protective 
barriers or buffers. Furthermore, such NbS 
can protect development infrastructure and 
property as well as support quicker recovery of 
livelihood sources. A study from Bhitarkanika 
Conservation Area in India, for example, shows 

that rice crops can take three times longer to 
recover from salt intrusion following coastal 
storms, without the presence of mangrove 
forests along the coastline (Duncan et al. 2014) 
. Such learning from past events has led to the 
development of the ecosystem-based disaster 
risk reduction (Eco-DRR) approach. 

It is important to recognise that a natural 
hazard event has the potential to turn into 
a disaster if the community or society is 
not able to cope with the impacts, using its 
own resources (UNISDR 2007). Disaster risk 
reduction efforts can significantly reduce the 
likelihood of a natural hazard event turning 
into a disaster “through systematic efforts 
to analyse and manage the causal factors of 
disasters, including through reduced exposure 
to hazards, lessened vulnerability of people 
and property, wise management of land and 
the environment, and improved preparedness 
for adverse events”(Renaud et al. 2013). NbS 
such as the Eco-DRR approach can strongly 
support a community’s risk reduction efforts. In 
the past two years there has been increasing 
recognition of this approach within global 
policy frameworks, namely the Convention 
on Biological Diversity (2014), The Sendai 
Framework for Disaster Risk Reduction (2015) 
and the Ramsar Convention on Wetlands 
(2015).4  

While the lessons learnt from past devastations 
have led to greater recognition of nature as a 
critical solution for disaster risk management, 
scaling up these NbS requires active facilitation 
of dialogues and capacity development 
amongst scientists, policy makers and 
practitioners of conservation and disaster 
management.

NbS to disaster is addressed in part by SDGs 
11 and 13 which focus respectively on making 
cities and human settlements safe and resilient 

4	 Years refer to the last conferences, where the Eco-DRR concept was adopted by those global policy frameworks.
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and on mitigating and adapting to climate 
change. Through its implementation it also 
contributes to various SDGs such as SDG 1 (no 
poverty), 2 (no hunger), 3 (good health and well-
being), 6 (clean water and sanitation) and 15 (life 
on land).

2.5	Nature-based Solutions for 
climate change

S Sengupta 

Climate change is one of the 
most pressing challenges 
confronting humanity today. 
Depending on how the 
world’s ecosystems are 

managed, they can either 
contribute to the problem or 

provide effective Nature-based Solutions for 
climate change mitigation and adaptation.

First, NbS in the form of ecosystem-based 
mitigation (EbM) can make a powerful 
contribution in the fight against climate change 
by preventing the degradation and loss of 
natural ecosystems. Deforestation and forest 
degradation, for example, release an estimated 
4.4 Gt of CO2 per year into the atmosphere 
(Matthews & van Noordwijk, 2014), or around 
12% of anthropogenic CO2 emissions (IPCC, 
2014). When the land sector as a whole, 
including agriculture, forestry and other land 
uses (AFOLU), is considered, the contribution 
is about 24% of annual global anthropogenic 
emissions (ibid). Avoidance of these emissions, 
through better conservation and land 
management actions, is a powerful intervention 
that can make a significant contribution towards 
global mitigation efforts. 

Second, natural and modified ecosystems 
can also make highly effective contributions in 
combating climate change through their function 
as a ‘natural carbon sink’ by absorbing and 

sequestering CO2 emissions. Approximately 
60% of cumulative anthropogenic GHG 
emissions since the pre-industrial era have 
been stored either on land (in plants and soils) 
or in the ocean (IPCC, 2014). Conservation, 
restoration and sustainable management of 
forests, wetlands and oceans thus plays a 
critical role in the healthy functioning of the 
carbon cycle and the balanced regulation of 
the planet’s climate. It has been estimated, for 
example, that restoring 350 million hectares of 
degraded or deforested landscapes by 2030 
can sequester 1-3 billion tonnes of CO2e per 
year while also generating about US$ 170 
billion per year in benefits from other ecosystem 
services, thereby making it a cost-effective 
NbS to climate change (New Climate Economy, 
2014). 

Finally, in addition to providing these direct 
mitigation benefits, ecosystems can also help 
vulnerable communities, especially those who 
depend on natural resources, to better adapt 
and become more resilient to the adverse 
effects of climate change, including extreme 
weather events and climate-related disasters, 
through ecosystem-based adaptation (EbA) and 
ecosystem-based disaster risk reduction (Eco-
DRR). Such ecosystem-based interventions, 
or natural infrastructure, can complement 
and enhance the effectiveness of physical 
infrastructure such as sea walls and dykes in a 
blended, cost-effective manner. 

It must be noted that for global efforts on 
climate change to be successful in keeping 
the temperature rise to well below 2 degrees 
C, action from all sectors, across all levels and 
involving all actors, is required. But NbS are a 
fundamentally important part of this mix, and 
no long-term solution to climate change can be 
successful without fully drawing on them.

NbS to climate change is also addressed in part 
by SDG 13 which focuses on climate change.
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2.6 	How natural capital 
approaches relate to NbS

N. Olsen

Natural capital is the finite stock of 
environmental assets, such as water, land, 
air, species and minerals that produces a flow 
of ecosystem goods and services which are 
important for human well-being and for the 
economy. Natural Capital Approaches (NCAP) 
aim to make the value of nature more visible in 
decision making and ultimately to drive better 
outcomes for biodiversity and ecosystems, 
particularly by governments, businesses and 
financial institutions. A key feature of NCAP is 
the focus on maintaining and restoring natural 
capital stocks in order to ensure that the flows 
from these stocks in the form of services is 
maintained or enhanced. 

Natural capital is complementary to and 
provides the foundation for other types of 
capital, including manufactured, financial, 
human and social capital. This is particularly 
relevant to NbS and the typology based on the 
relationship between the level of ecosystem 
service delivery on the one hand and the level 
of ecosystem engineering on the other as 

depicted in Figure 5. From a natural capital 
perspective, the entire spectrum could be 
said to represent natural capital. The area of 
contention, however, is the degree to which 
natural capital is able to be substituted by other 
forms of capital, particularly manufactured 
capital. The world view implicit in the current 
economic model is that substitution between 
natural and manufactured capital and the 
benefits of technological progress are sufficient 
to overcome emerging resource scarcities and 
environmental problems. However, faced with 
the effects of degraded poorly functioning 
ecosystems which undermine human welfare, 
the term critical natural capital is increasingly 
used to emphasise that some natural capital 
is essential to human welfare and has no 
substitutes (Ekins, 2003). The same idea is 
echoed in planetary boundaries framework 
(Rockström et al., 2009), according to which 
the transgression of established biophysical 
thresholds will have a significant negative 
impact on human well-being. It can be 
argued that natural capital is a complement to 
manufactured capital, i.e. both manufactured 
and natural capital are needed for effective 
water resources management. In some cases, 
natural capital can substitute for manufactured 
capital, e.g. mangroves rather than seawalls for 
coastal defence. 
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E Cohen-Shacham, G Walters, P Lamarque 
(authorship unless otherwise stated)

This section describes some of the ecosystem-
related approaches that make up the current 
scope of NbS. These approaches, introduced 
in Section 1.3.3, are briefly outlined here in 
terms of their origins and their applications. 
The accepted definitions of these approaches, 
as well as other terms used to describe them, 
are presented in Annex 1. It is important to 
point out that this section does not provide 
an exhaustive list of all approaches that 
would qualify as NbS. It does not include, for 
example, the landscape approach (Fisher et al., 
2008) or community-based adaptation (Girot et 
al., 2011).

The nine approaches described here fall 
within the first four categories of ecosystem-
related approaches shown in Table 4. 
Approaches belonging to the fifth category, i.e. 
ecosystem protection approaches (area-based 
conservation approaches including protected 
area management), are not included here, as 
these approaches are much more commonly 
seen and better known. Case Studies 3 
and 8 provide good examples of these NbS 
approaches.

3.1	Ecosystem restoration 
approaches

3.1.1	 Ecological restoration
Ecological restoration emerged 
first as a practice, and only much 

later as a research discipline (Stanturf et al., 
2014). Ecosystem restoration and ecological 
restoration tend to be similarly defined or used 
synonymously (Suding, 2011; Baird, 2005; 
Covington et al., 1998), although in many 

cases ecological restoration may only focus on 
environmental objectives. 

The first evidence of ecological restoration 
dates back at least to the 6th century where 
Greek farmers were encouraged to plant 
olive trees to counteract deforestation 
(Davies, 1996). Many attribute the first 
thinking on ecosystem restoration to Aldo 
Leopold in the 1930s (Higgs, 1997); he was 
strongly influenced by his land management 
experiences (Covington et al., 1998; Leopold, 
2013). The establishment of the Society 
for Ecological Restoration in 1987, and its 
scientific journal Restoration Ecology in 1993, 
consolidated the movement and its practices 
(Hobbs et al., 2011). The Society is also 
responsible for the well-accepted definition 
of ecological restoration as: “The process of 
assisting the recovery of an ecosystem that 
has been degraded, damaged, or destroyed.” 
(Society for Ecological Restoration, 2004).

Implementing ecological restoration typically 
refers to the technical process of restoring 
ecosystems and conserving biodiversity, 
informed by an ecological study of habitats 
and species (Hobbs et al., 2011). Ecological 
restoration can be applied at a wide variety of 
scales (Palmer et al., 2014). A few examples 
of its application include: (i) the restoration of 
a polluted river basin; and (ii) the restoration 
of a forest area degraded by gold mining. 
Recent work by the CBD supports further 
implementation of ecological restoration using 
the Ecosystem Approach (CBD, 2016). 

3.1.2	 Ecological engineering
The ecological engineering 
concept has its roots in ecological 

science (Palmer et al., 2014) and it can be 

3.	Ecosystem-related approaches 
within the NbS ‘family’
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considered a branch of both ecology and 
engineering (Schulze, 1996). It is closely linked 
to ecological restoration and they are often 
described as sister fields (Mitsch, 2012). Odum 
is considered to be the father of ecological 
engineering; he began studying the subject in 
the 1960s (Gosselin, 2008; Mitsch, 2012). A 
decade or so later in China, Ma developed a 
concept referred to as ecological engineering, 
which mainly addressed environmental issues 
such as wastewater treatment, recycling and 
pollution problems (Mitsch & Jørgensen, 2004; 
Barot et al., 2012). This approach was later 
adopted country-wide (Schulze, 1996). 

The ecological engineering concept is applied 
both in practical and scientific research 
contexts. It can be implemented at all scales, 
from species (or smaller) to planetary level 
(Gosselin, 2008). Some examples include the 
self-design of tidal creeks, the introduction 
of particular plant species for salt marsh 
restoration (Teal & Weinstein, 2002), and the 
use of species that trap sediment for coastal 
protection of a sandy shore (Borsje et al., 
2011).

3.1.3	 Forest landscape restoration
Forest landscape restoration 
(FLR) is a process of restoration 

that, despite its name, extends beyond 
forested ecosystems. The conceptualisation 
of restoration at the landscape level began 
in the early 1990s (Hobbs & Norton, 1996; 
Harker et al., 1993), with some interventions 
dating back to the 1980s (Barrow, 2014). The 
FLR approach was first described by WWF 
and IUCN in 2000, with a focus on restoring 
ecological integrity and human well-being. Its 
importance was underscored by numerous 
countries’ commitments to the 2011 Bonn 
Challenge (Laestadius et al., 2015) and the 
restoration components of several international 
conventions (such as CBD, UNCCD, UNFCCC). 
Forest landscape restoration can involve both 
the spheres of policy and practice. The initial 
description of the approach as a “planned 
process that aims to regain ecological integrity 

and enhance human well-being in deforested 
or degraded landscapes” (Mansourian et al., 
2005) was further developed to underline 
its focus on restoring the functionality of 
ecosystems. This refined definition shifts the 
focus from the species composition of native 
ecosystems and their processes, to regulating 
service provision and multiple benefits 
(Maginnis et al., 2014). The approach does not 
focus on restoring a landscape back to a pre-
existing state. There can be various reasons 
for using the FLR approach; objectives may 
include, for example, enhancing connectivity 
between protected areas, protecting water and 
soil resources, and reinforcing cultural values 
(Mansourian & Vallauri, 2014).

Two examples of FLR applications include 
the restoration of the forests of Shinyanga, 
Tanzania (Barrow, 2014) and the Loess Plateau, 
China (Lü et al., 2012). Implementation can 
involve different degrees of human intervention, 
ranging from planting trees to allowing natural 
processes of forest succession to occur.

3.2	Issue-specific ecosystem-
related approaches

3.2.1	 Ecosystem-based adaptation
Following clear evidence of climate 
change and its global impacts, 

demonstrated in 2003 by two large-scale 
studies (Parmesan & Yohe, 2003; Root 
et al., 2003), an understanding emerged 
that ecosystems need to be managed for 
adaptation to climate change (Hansen et al., 
2003). Ecosystem-based adaptation (EbA) 
was developed as a framework for addressing 
the role of ecosystem services in moderating 
climate impacts on people (Staudinger et al., 
2012; Locatelli et al., 2011). 

The term EbA was first coined in 2008, and in 
the same year was introduced to the UNFCCC 
COP 14, by IUCN in a position paper. In 
2009, the CBD officially defined EbA as an 
operational tool for climate change adaptation 
(Rizvi et al., 2014). The CBD later refined its 
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definition of ecosystem-based adaptation as 
the “sustainable management, conservation 
and restoration of ecosystems, as part of an 
overall adaptation strategy that takes into 
account the multiple social, economic and 
cultural co-benefits for local communities” 
(CBD, 2010). 

While EbA can be applied at a variety of levels, 
it generally provides benefits on a local scale 
(Locatelli et al., 2011; Rizvi, 2014). 

Examples of EbA applications include the 
renaturation of rivers or canals to attenuate 
flooding, or the replanting of forests with more 
future climate-tolerant species to adapt to 
climate change (Doswald & Osti, 2011). EbA 
projects usually include a strong element of 
community engagement of the community 
to raise awareness about natural resource 
management and seek local support for the 
restoration and sustainable management 
activities. 

3.2.2	 Ecosystem-based mitigation
Ecosystem-based mitigation 
(EbM), like EbA, contributes to the 

objectives of UNFCCC and for this reason is 
often treated together with EbA as approaches 
to ensure continued ecosystem functionality, 
human health and socio-economic security, 
through storage of carbon. In 2007, the 
UNFCCC adopted a comprehensive process 
in which adaptation was linked to mitigation 
through the programme now called Reducing 
Emissions from Deforestation and forest 
Degradation+ (UNFCCC, 2008).

EbM emerged from these processes as a 
framework to address the causes of climate 
change by reducing the sources or enhancing 
the sinks of greenhouse gases (Staudinger et 
al, 2012; Locatelli et al., 2011). EbM activities 
specifically underscore the importance of 
forest ecosystems (in terms of afforestation, 
reforestation and avoided deforestation 
and marine and coastal ecosystems (e.g. 

mangroves, peatlands, tidal salt marshes, kelp 
forests and seagrass beds) to contribute to 
climate change mitigation (CBD, 2010). EbM 
aims to provide global benefits and long-term 
effects on climate change (Locatelli et al., 
2011). 
Although the primary example of EbM is the 
use of forest, another example would be the 
restoration and sustainable use of coastal 
and marine ecosystems in order to allow blue 
carbon to be stocked and not released to the 
atmosphere (Pendleton et al., 2012; Ammar et 
al., 2014).

3.2.3	 Climate adaptation services
The Climate Adaptation Services 
(CAS) approach emerged in the 

scientific literature in 2012 (Jones et al. 
2012). This concept aims to complement the 
ecosystem services concept and contribute 
to the development of options for adaptation 
to climate change (Lavorel et al., 2015). CAS 
focuses on understanding the key ecological 
mechanisms and characteristics that support 
the capacity of ecosystems to adapt to 
changes (Lavorel et al., 2015). Although CAS 
and EbA are sometimes used as synonyms, 
the CAS approach is considered to be 
broader than EbA, as it focuses on ecological 
mechanisms and characteristics that support 
adaptation of ecosystems to change (Lavorel 
et al., 2015). While EbA highlights how 
ecosystems support new valuable services 
under climate change, the CAS approach 
supports the additional value of healthy 
ecosystems in enabling these ecosystems “to 
resist or cope with climate change (direct and 
indirect) impacts, or to transform autonomously 
to a state that supports social adaptation” 
(Lavorel et al., 2015). This approach highlights 
the prospect of substantial ecosystem change 
and stresses the importance of options and 
insurance values of services not currently 
considered important for human well-being, 
but which may prove critical in the future 
(Colloff et al., 2016).
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3.2.4	 Ecosystem-based disaster risk 	
	 reduction

In the early 2000s, terms such as 
hazard mitigation and damage 

reduction were used to emphasise the 
importance of ecosystems and their services in 
disaster risk reduction (Hook, 2000; Kreimer & 
Arnold, 2000; Bronstert, 2003). The Millennium 
Ecosystem Assessment stated that “while 
well-managed ecosystems reduce risks and 
vulnerability, poorly managed systems can 
exacerbate them by increasing risks of flood, 
drought, crop failure, or disease” (Millennium 
Ecosystem Assessment, 2005). 

The term ‘ecosystem-based disaster risk 
reduction’ (Eco-DRR) was first mentioned in a 
2009 IUCN publication (Sudmeier-Rieux et al., 
2011) and later defined by the Partnership for 
Environment and Disaster Risk Reduction (see 
definition in Annex 1). The Eco-DRR approach 
focuses mainly on minimising the impacts 
of hazard events by enhancing people’s 
capacities to better manage and recover from 
the effects of hazards (Renaud et al., 2013). 
This emerging approach, applied in policy 
as well as practice, is closely linked to the 
ecosystem-based approaches to adaptation 
and mitigation, but is more specific, focusing 
on particular hazard events (e.g. tsunamis, 
earthquakes, flooding, cyclones), often 
within specified time periods and locations. 
Unlike EbA and EbM, the Eco-DRR approach 
also addresses hazard events that are not 
necessarily linked to climate change or climate 
variability (Renaud et al., 2013). 

The Eco-DRR approach can be implemented 
at all scales. Examples include the restoration 
of large marshlands to protect from hurricane 
flooding (Temmerman et al., 2013), and the use 
of protected areas to reduce disaster risk in 
coastal areas (Murti & Buyck, 2014).

3.3	Green infrastructure and 
natural infrastructure 
approaches

M Smith, R Welling, C Van Ham

Ecosystems perform 
a number of the same 

functions as conventional ‘grey’ infrastructure, 
such as water collection, purification, storage, 
and conveyance (Dalton & Murti, 2013). 
Water-related ecosystem services perform 
an ‘infrastructure-like’ function (Ozment et 
al. 2015; Smith 2013). For example, upland 
forests, aquifers, lakes and wetlands provide 
water storage, wetlands filter water, rivers 
provide conveyance and transportation, 
floodplains and wetlands lower flood peaks 
in downstream cities, while mangroves, coral 
reefs and barrier islands protect coasts against 
storms and inundation (Krchnak et al., 2011). 
Natural infrastructure underpins the way we 
manage our river basins and therefore the way 
we grow food, generate electricity, and supply 
water to cities (Coates & Smith 2012). These 
types of functions are shown in Figure 7. 

The term infrastructure is defined as the stock 
of facilities, services and installations needed 
for the functioning of a society. Therefore, 
built infrastructure has natural counterparts 
in watersheds which complement, augment 
or replace conventional built infrastructure 
such as reservoirs, dams, levees and canals 
(Krchnak et al., 2011). For example, although 
representing less than one percent of the 
earth’s land surface, river floodplains are 
estimated to provide nearly 25% of the 
terrestrial (i.e. non-marine) ecosystem services, 
with primary benefits including attenuation of 
flood flows, fisheries productivity, groundwater 
recharge, and water filtration (Costanza et al., 
2014). 
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Natural Infrastructure 
for Water Management
Investing in nature for multiple objectives

Forest landscape restoration 
to reduce �ood impacts, 

stabilise slopes & provide clean water

Conserving and restoring wetlands

Protecting & restoring mangroves, 
coastal wetlands & dunes 

Protecting & restoring reefs
for coastal protection and habitat

Conserving & protecting water sources 
(ie. protected areas)

Purifying wastewater & 
alleviating �ooding 
(healthy wetlands)

* Water harvesting

Connecting rivers to �oodplains & aquifers

* Improving in�ltration using 
   urban run-o� 
  (ie. permeable pavements)

Growing crops across slopes
to reduce erosion & 
increase in�ltration

* Providing in�ltration & 
   bio-retention 
  (urban green spaces)

*Hybrid solutions that contain built elements that 
   interact with natural features and seek to enhance 
   their water related ecosystem services.

* Capturing rainwater 
   with green roofs

© IUCN Water

Establishing �ood bypasses to 
reduce downstream �ooding

Providing riparian bu�ers
to maintain water quality & 

reduce erosion

Figure 7. Natural infrastructure for water management

Source: IUCN (as part of ‘WISE-UP to Climate’ project). See http://www.iucn.org/theme/water/our-work/wise-climate

The Green Infrastructure approach emerged 
in the USA in the mid-1990s, but has its 
origins in the 1850s, with the first references 
to greenbelts in the UK and urban open-space 
networks in the USA. 

The European Commission in the context 
of the EU Green Infrastructure Strategy 
defines GI as: “a strategically planned 
network of natural and semi-natural areas 
with other environmental features designed 
and managed to deliver a wide range of 
ecosystem services” (European Commission, 
2013). Green infrastructure incorporates 
green spaces (or blue if aquatic ecosystems 
are concerned) and other physical features in 
terrestrial (including coastal) and marine areas. 
A green infrastructure approach considers 
conservation values and actions related to 

land development, growth management and 
built infrastructure planning, thus differing 
from conventional approaches to open space 
planning (Benedict & McMahon, 2002). 
Due to its broad definition, the term green 
infrastructure is used both as a theoretical 
concept and as a practical tool.

The terms green infrastructure (GI) and 
natural infrastructure (NI) are often used 
interchangeably (UNEP, 2014), though they 
tend to be used to refer to planning and 
conservation work in different contexts and 
at different scales. A natural infrastructure 
approach could be seen to be restoring 
structure, function and composition of 
ecosystems to deliver ecosystem services, 
whereas a green infrastructure approach 
would enhance these aspects of ecosystems, 
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to deliver these services. Furthermore, while 
a green infrastructure approach is used at 
both an urban and a landscape scale, a 
natural infrastructure approach is used only 
at only a landscape scale. However, the two 
approaches share many of the same principles 
and objectives, including connectivity, multi-
functionality and smart conservation (European 
Environment Agency, 2011). In both GI and NI 
approaches, hybrid solutions are commonly 
used, mixing hard infrastructure with 
ecosystem-based infrastructure.

Green infrastructure is used in the spheres 
of policy, practice and scientific research; its 
research applications tend to relate to urban 
settings (Tzoulas et al., 2007).

3.4	Ecosystem-based 
management approaches

Ecosystem-based management 
derives conceptually and practically 

from the Ecosystem Approach (Gregory et 
al., 2013; Slocombe, 1998), as a response to 
challenges and initiatives in protected areas as 
well as in regional and environmental planning 
(Slocombe, 1998; Uy & Shaw, 2012). An 
ecosystem-based approach has an integrative, 
transdisciplinary focus that considers the 
entire ecosystem, including humans (Leslie & 
McLeod, 2007), thus differing from traditional 
regional planning and ecosystem management, 
which are conducted at smaller spatial scales 
and focus on the domain of ecological science 
(Samson & Knopf, 1996). 

Ecosystem-based management is used in 
scientific research as well as in policy and 
practice, although scientists, practitioners and 
policy makers tend to view it in different ways. 
Ecosystem-based management is often used 
in ecological and environmental management 
contexts and a number of similar approaches, 

such as ecosystem-based fisheries 
management (Arkema et al., 2006), ecosystem-
based approach to marine and coastal 
management (Leslie & McLeod, 2007) and 
integrated water resource management (Roy et 
al., 2011) have been specifically developed to 
focus on marine- and water-related issues.

A number of instruments support the 
implementation of an ecosystem-based 
management approach, such as management 
plans or specific legal instruments for multiple-
use coastal marine protected areas (Cárcamo 
et al., 2013). 

3.5	A brief comparison of these 
NbS approaches

This section provides a brief review of the 
different ecosystem-based approaches that 
can be considered part of the NbS ‘family’, 
highlighting some of the similarities and 
differences among them.

First it can be noted that, while these NbS 
approaches have developed over different 
periods of time, there has been a recent 
marked increase in their inclusion in the 
scientific literature, as shown in Figure 8.5 As 
would be expected, those approaches that 
have emerged from practice rather than from 
scientific research have had fewer citations 
in the literature, as have the most recently 
developed approaches (ecosystem-based 
mitigation, for example, does not appear in 
Figure 8, due to its low number of citations).

A search for co-occurrences of these terms in 
the peer-reviewed scientific papers reveals that 
such co-occurrence happens quite frequently. 
A discussion of one NbS approach often refers 
to another NbS approach. Again, this is to be 
expected, given the interlinkages between 
these different approaches. At a definitional 

5	 The Web of Science, the source of data for Figure 8, is an online scientific citation indexing platform, covering peer-
reviewed literature. The platform is maintained by Thompson Reuters.
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level for example, one approach or concept 
may be described with reference to a different 
approach (see, for example, the definition 
of Eco-DRR in Annex 1). And the definitions 
of several different approaches may share 
similar terms (e.g. restoration, conservation, 
management). The term ‘ecosystem services’ 
also appears in many of the descriptions 
and discussions of the various approaches, 
reflecting its central place within these NbS 
approaches. Specifically, the terms restoration, 
conservation and management are variously 
present in the definitions of EbA, EbM, Eco-
DRR and ecological engineering. When 
compared, some NbS interventions have 
applications to specific societal needs (e.g. 
climate change in the case of EbA, EbM, CAS 
and sometimes Eco-DRR), or are applicable to 
a specific context (e.g. watersheds for natural 

infrastructure, for green infrastructure in urban 
areas, coastal and marine ecosystems for blue 
solutions) (see Annex 2). In addition to some 
NbS using other NbS, some of the concepts 
attempt to address multiple societal issues 
together. For example, natural infrastructure 
can address water security, disaster-risk 
reduction amongst others (see Figure 7). This 
may be in response to increased recognition 
of complex global systems (Liu et al. 2015), 
or recognition of the role that nature can play 
in mitigating climate change or other societal 
challenges (Jones et al. 2012), but may also 
emerge from sustainability science and the 
Millennium Ecosystem Assessment (Wu 2013).   

Alongside the common aspects seen 
in the definitions and descriptions of 
these approaches, there are a number of 

Figure 8. Trends in number of research papers mentioning NbS approaches (1980-2014)
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distinguishing factors that separate the 
approaches from each other. One such 
factor is their origin; approaches tend to 
emerge from one of three domains: practice, 
policy or research. For example, some of the 
approaches tend to originate in the policy 
sphere; these include EbA, EbM and Eco-
DRR, all of which have most of their earliest 
mentions in policy documents relating to 
UN conventions, such as the CBD and the 
UNFCCC. These concepts then moved from 
the policy sphere into practice, often without 
going through a scientific conceptualisation 
process or without any practical guidance 
being provided on how to implement them. By 
contrast, other concepts, notably ecological 
restoration, emerged out of practice, with a 
research component being developed later 
and making the practice much stronger. Finally, 
others, such as ecological engineering and 
CAS, have scientific foundations. For its part, 
ecological engineering, which emerged out 
of decades of research, now has a strong 
practical element.

In some cases, an approach has been 
developed by combining a number of pre-
existing approaches (e.g. Cornwall & Brock, 
2005). This process may result in the creation 
of new means to deal with societal issues 
and can facilitate the emergence of new 
concepts, much like what happens during 
scientific innovation (Uzzi et al., 2013). The 
new ‘combination approach’ may integrate 
a diverse set of complementary ideas and 
strategies and may therefore may be more 
likely to succeed, compared to its component 
approaches. A good example of this process 
is the combination of a number of approaches 
and tools in the development of Eco-DRR, 
which combines conservation, management 
and restoration of ecosystems to reduce 
the risk of disaster (Renaud & Murti, 2013). 
However, for these combination approaches 
to be effective in practice, they require clear 
definitions, parameters and methodologies to 
guide their application (Brandt et al., 2013).
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C Janzen, M Fischborn

Part B of this report presents 10 case studies 
from around the world that illustrate how NbS 
can be applied in different contexts, to address 
different issues. It is hoped that case studies 
such as these will allow for evidence-based 
learning to support widespread adoption 
of successful NbS approaches. The case 
studies also offer insights into the kinds of 
challenges encountered in implementing these 
approaches.

This section looks at some of the common 
lessons learned from these ten case studies, 
focusing particularly on what emerged as key 
elements that contributed to the success of 
these applications. Further details on lessons 
learned are found in the individual case study 
write-ups in Part B.

Inclusive, integrated approaches. Fostering 
integrated, cross-sectoral approaches is 
required for many NbS to be successful 
(Klimmek and van Ham, in press). This 
may involve a variety of training, capacity 
building and communication efforts. New 
and innovative partnerships and governance 
structures may also be required. In Jordan, 
for example (see Case Study 6), by bringing 
together three levels of governance 
(national and regional government, and local 
communities), effective strategies to combat 
desertification through land management were 
implemented. Multi-scale co-management 
designs are particularly valuable when 
managing resources across boundaries (such 
as the transboundary water issues addressed 
in Case Study 10).

Stakeholder participation. Participatory 
processes that support stakeholder 
empowerment facilitate the sustained success 
of projects. Community organisation is a long-
term process that requires the ability to deal 
with any conflicts, issues, and constraints 
that may arise. Clarifying and addressing 
stakeholders’ different values, interests, and 
knowledge levels will be key in building a 
strong foundation for strengthening natural 
resource governance. Community members 
require a clear understanding of the project, 
the implementation process, their rights and 
role in the project, and the benefits they 
may derive from participation in the project. 
Examples of cases which illustrate this point 
well include Case Studies 3 and 6. 

Champions and leaders. Convincing decision-
makers of the value of investing in NbS is 
beneficial in the long term. To achieve this, it is 
important to identify and work with champions 
or leaders who can motivate, mobilise and 
guide their peers. Champions may originate 
in government, providing direction, technical 
expertise and institutional linkages, as was the 
case in Rwanda (see Case Study 4). In other 
cases, leaders may arise in a local community 
(e.g. an individual in Ecuador or a group of 
women in Costa Rica or local residents in the 
United Kingdom– see Case Studies 5, 7, and 
3 respectively); these local leaders play a very 
important role in demonstrating commitment 
to, and success of, NbS to local decision-
makers.

Public and private sector roles. Fostering 
public-private partnerships may be needed in 
order to finance NbS at larger scales. Evidence 

4.	Lessons learned from the case 
studies
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is emerging of how facilitate such partnerships 
as a means of financing restoration (e.g. in 
Rwanda, see Case Study 4) and much can 
be learned from this approach for other 
types of NbS approaches. In other cases, 
private enterprises can work in parallel with 
government initiatives, in order to increase the 
scale of application of an NbS, as was the case 
in Medmerry in the UK (see Case Study 3). 

‘Locally-grown’ solutions. Using elements 
of traditional nature-based practices (such as 
customary resource management systems) 
may offer more appropriate and accepted 
solutions and be more successful than 
approaches that rely solely on bringing ‘new’ 
interventions in from outside. In Jordan (see 
Case Study 6), some elements of traditional 
practices relating to food security are being 
supported by the government, with a view to 
increase their usage outside of the area where 
the NbS originated. Furthermore, NbS can be 
initiated by individuals with no external funding 
or support, as was the case in Ecuador (see 
Case Study 5), offering a model for replication 
and scaling-up.

Addressing biodiversity and social benefits. 
Biodiversity and social impacts can be 
achieved together and increase the overall 
success of an NbS. A good example of this 
is found in the Medmerry case in the UK (see 
Case Study 3), where wetland restoration to 

address coastal flooding also resulted in the 
creation of a bird sanctuary. Barcelona’s green 
infrastructure plan (see Case Study 9) aims to 
not only improve the quality of life of the city’s 
residents, but also to increase biodiversity in 
the city through creation of green spaces and 
increased ecological connectivity.

Valuation and funding. Valuing ecosystem 
services is important in making a business 
case for investment in ecosystems. In the 
case of natural infrastructure, economic 
planning for water resources development 
at basin or national scales needs to account 
for ecosystem services. With the costs and 
benefits of ecosystem services valued, a 
business case can be made for investing 
in ecosystems and watersheds as natural 
infrastructure, as part of sustainable financing 
for river basin management (IUCN, 2011; Russi 
et al., 2013; Emerton & Bos, 2004). It is also 
critical to make financing available to local 
initiatives for watershed management through 
decentralised funds and credit schemes that 
integrate clean and adequate water for all, 
ecosystem services, livelihoods and economic 
development (IUCN, 2011). The Rwanda case 
(Case Study 4) involved economic valuation 
of forest restoration options (Verdone, 2015), 
which later informed the development of a 
financing programme for this NbS. 
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5.1	The need for an operational 
framework for NbS

This section highlights some of the reasons why 
the development of an operational framework 
for NbS is a critical element to ensuring effective 
upscaling of this concept in practice.6

For new concepts such as NbS to endure, 
there needs to be a clear and widely accepted 
understanding of the foundations on which 
they are established, including not only 
definitions and principles but also parameters 
and methodological frameworks to guide 
their application (Davis, 2008; Brandt et al., 
2013). NbS still remains, for many, a general 
metaphor without sufficiently clear guidelines 
to enable effective operationalisation. There 
is currently no accepted basis on which a 
government agency, municipality or private 
company can systemically assess the efficiency, 
effectiveness and sustainability of a particular 
nature-based intervention. This means that 
while the NbS concept continues to hold out 
real promise, there is a risk that poorly defined 
or ill-considered interventions fail to deliver, 
undermine government and investor confidence 
and further expose the very communities they 
are designed to protect.

It has already been highlighted in this report 
that many of the concepts and approaches 
that have emerged to address the relationship 
between people’s well-being and ecosystem 
goods and services began life as a paradigm 
or narrative (i.e. within the research sphere). In 

other words, as they emerge, the efforts first 
focus on building a case as to why or how such 
an approach should be taken to meet specific 
societal needs. Indeed, it is not uncommon for 
the further elaboration of such approaches to 
continue to remain in the theoretical domain 
– teasing out for example issues such as 
aspirational principles and safeguards – until 
a time comes when there is actually a real 
operational need for more specific guidance. 

Lack of operational clarity presents a major 
obstacle to wide-scale uptake of concepts 
and approaches since their proponents have, 
in effect, transferred the responsibility of 
interpreting how to put the idea into practice 
(often in several different circumstances) to 
the policy maker or the manager. An example 
of this was the ‘Landscape Approach’ which 
gained popularity in the 1990s. This approach 
emerged as a response to the fact that many 
land-use operations had significant off-site 
impacts that were never properly accounted for. 
The Landscape Approach became short-hand 
for integrating land-use decision-making in such 
a way that negative externalities from individual 
sites were minimised and positive synergies 
optimised. It took several years before practical 
ways to operationalise landscape-level thinking 
actually emerged as bodies of practice. This 
time lag in turn can result in a ‘chilling effect’, 
which further impedes progress.

Another undesirable scenario that can occur is 
when different practitioners or policy makers 
(often with different agendas) independently 
develop different operational criteria and 
standards for the same concept and principles. 

5.	Toward an operational 
framework for NbS

6	 Upscaling refers here to moving from a project-level implementation to national or sub-national policy response.
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This can open the way for fractious, almost 
ideological, debates amongst otherwise like-
minded champions. Yet again, those wishing 
to implement such concepts will be reluctant 
to get drawn into a debate, and once again the 
promise of upscaling a conceptually attractive 
idea risks being stalled at the outset.

Currently there are several parallel exercises 
occurring which focus on specific NbS 
approaches, each developing a set of criteria 
(e.g. EbA, REDD+). However, many of these 
criteria could be useful in assessing other 
interventions and there is likely an overarching 
set of principles to guide implementation of all 
of these approaches. The reason why IUCN is 
promoting a single operational framework for 
NbS is because we believe practitioners, who 
are not necessarily conservationists or natural 
resource managers by training, prefer to spend 
their time putting in place effective and efficient 
measures rather than reviewing and comparing 
different approaches and methodologies. 

5.2	Ecosystem Approach as the 
basis for an NbS operational 
framework

This section considers how the Ecosystem 
Approach can offer a useful ‘conceptual 
foundation’ on which an operational framework 
for NbS can be built. This conceptualisation is 
essential for the future development of NbS. 
Without sufficient conceptual framing, there is 
a risk that a concept such as NbS will remain 
vague and aspirational, never truly getting off 
the ground or, even worse, be co-opted to be 
used in potentially undesirable ways for which it 
was never intended (Loughlin, 2002; Cornwall & 
Brock, 2005).  

The Ecosystem Approach was adopted in 1995 
by the Convention on Biological Diversity (CBD), 
and later refined and defined as a “strategy for 
the integrated management of land, water and 
living resources that promotes conservation 
and sustainable use in an equitable way” 

(Smith & Maltby, 2003). The CBD later issued 
further operational guidance (Shepherd 2004) 
as well as a comprehensive list of tools and 
approaches was developed, to help implement 
the Ecosystem Approach and address CBD’s 
objectives (CBD 2004). The Ecosystem 
Approach does not substitute for more 
traditional conservation approaches, which 
focus on single or rare species or protected 
areas, but rather comes as a holistic process 
to address natural resources in an integrated 
way. As such, the Ecosystem Approach lays 
the foundational thinking for the pursuit of 
the CBD’s three key objectives: conservation, 
sustainable use of biodiversity, and equitable 
sharing of the resulting benefits (Maltby, 2000). 

More generally, the adoption of the Ecosystem 
Approach fundamentally shaped the modern 
conservation and natural resource management 
agenda, and the approach sits as a solid 
foundation on which different, sector- or 
situation-specific operational frameworks can 
be built.  

An operational framework for NbS would 
therefore benefit greatly from being grounded in 
the Ecosystem Approach. It is important to note, 
in this respect, that Nature-based Solutions are 
framed to deal with specific applications of the 
Ecosystem Approach, when the management 
or restoration of ecosystem functions can play a 
key role in helping address a societal challenge. 
It is also important to understand that the scope 
of the Ecosystem Approach is significantly 
more comprehensive than any NbS approach. 
The Ecosystem Approach is capable of guiding 
efforts to address a whole raft of conservation 
issues that NbS will never address – such as 
species conservation strategies or sectoral 
management strategies. Indeed, if one looks at 
the 20 Aichi targets, the Ecosystem Approach is 
relevant to all of them, whereas NbS really only 
provides the means to implement a sub-set of 
these targets (with particular, but not exclusive, 
emphasis on Targets 1-3, 6, 8, and 13-15).
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A helpful way of thinking about the relationship 
between the Ecosystem Approach and Nature-
based Solutions is to use the analogy of 
national law. In this respect the Ecosystem 
Approach is like the constitution – laying the 
broad foundation on which individual laws 
must rest, adhere to and align with. NbS, under 
this analogy, is then equivalent to a class of 
laws (such as tax law or family law) which 
enables a consistent operational approach to a 
particular issue. In the same way that individual 
tax laws should be collectively coherent and 
consistently interpreted and applied, so it is 
important that we can be sure that the different 
NbS approaches are operationalised in a similar 
manner. A coherent NbS operational framework 
offers practitioners and policy makers an 
efficient and common way to understand, 
measure and improve the efficiency of different 
types of interventions that ultimately have the 
same design objectives: to help nations and 
individuals address major societal challenges 
by effectively maintaining or enhancing key 
ecosystem services.

5.3	What should a single 
operational framework 
deliver?

At the outset, it is important to highlight that a 
single operational framework is not the same 
as a single methodology or blueprint. NbS 
approaches are context specific and, consistent 
with the Ecosystem Approach’s principles, and 
their implementation is fundamentally a matter 
of societal choice. These NbS approaches 
must not just be efficient ways of managing 
ecosystems to address particular problems, but 
equally must be compatible with cultural and 
jurisdictional norms and practices – all of which 
means that NbS approaches will be delivered 
through a multitude of interventions, methods 
and practices. However, that does not mean 
that the standards whereby NbS approaches are 
designed, measured, assessed and improved 
have to be equally numerous. Indeed, to the 
contrary, given our knowledge of ecosystem 

function and how people engage with them, it is 
possible to identify a limited set of parameters 
from which criteria could be derived.

Before looking at these parameters it is 
worthwhile to consider the utility of a single 
operational framework.

The first function of this framework is to be 
able to systematically distinguish whether an 
intervention actually meets the NbS definition 
as outlined earlier. For example, would it be 
possible to claim that an oil-palm plantation 
for biofuel production is an NbS? Or, would a 
technology that deploys a natural phenomenon 
such as wind or solar radiation be considered 
an NbS? Or could an innovative design based 
on molecular arrangements that naturally 
occur in living organisms be considered an 
NbS? Without a clear delineation of NbS, 
it is impossible to distinguish whether an 
intervention is an NbS or not. 

The second function is to provide a consistent 
way of assessing whether the NbS intervention 
is robust and sustainable, or weak and 
temporary. Weak or temporary NbS would 
potentially be those interventions which only 
minimally fulfil the principles and parameters. 
For example, an intervention that relies solely 
on planting a single, fast-growing, short-lived 
species, may quickly capture carbon as an NbS 
to climate change, but has little potential to 
store that carbon over the long term. All things 
being equal, this may still qualify as an NbS but 
only as a weak one.

The third function is an extension of the 
previous point – to provide a coherent basis 
to strengthen the viability of an intervention 
over time, by optimising the nature of the 
intervention against each individual parameter. 
This is particularly important where an NbS 
intervention is implemented in conjunction 
with another technical or policy intervention 
(see the food security example in Figure 1), 
and additional gains are available through 
fine-tuning the complementarity between 
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these natural and conventional interventions. 
One could legitimately argue that the only 
parameter one should worry about is the one 
that directly accounts for the effectiveness of 
the solution. For example, the best option to 
sequester carbon, or to slow erosion, or purify 
water. Clearly it is important to account for NbS 
in these terms but we also need to recognise 
that in order to sustain an intervention over 
time, it would be short-sighted simply to focus 
on immediate gains. If NbS interventions are 
implemented correctly, they have the capacity 
to self-sustain over time, accumulating greater 
value as societal assets rather than depreciating 
as built infrastructure.

Finally, a framework will ensure that the social-
ecological system in which an NbS approach 
is implemented is fully considered (e.g. Waylen 
et al., 2015). This is important when bringing 
together the societal and environmental 
components of an NbS approach, enabling it 
to work across multiple disciplines and scales 
and offer informed societal choice (McGinnis & 
Ostrom, 2014; Davies et al., 2015) from a variety 
of perspectives (Leach et al., 2010). 

5.4	Determining the key 
parameters of an NbS 
operational framework

The thinking presented in this report is still 
a work in progress. However, there are a 
number of reference points that are worthwhile 
presenting here as useful considerations in 
the selection of key parameters for a single 
operational framework for NbS. These include 
the following:

•• The parameters should be underpinned 
by sound and reliable scientific knowledge 
that enables clear and robust criteria to be 
defined, and from which easily measured 
indicators can be derived.

•• 	The parameters are essential components 
to ensure the effective and sustained 
functioning of a wide range of NbS. 

Often there is a temptation to include 
“nice to have” parameters which often 
qualify best practice but by themselves 
are not a fundamental determinant of 
the effectiveness and durability of the 
intervention. When these are framed as 
‘safeguards’ they can be particularly 
difficult to effectively apply.

•• The parameters as a whole should 
represent the basic determinants of an 
effective NbS across a range of different 
situations, avoiding redundancy. In defining 
a workable set of parameters we should 
exercise sufficient parsimony to avoid 
having specific parameters only to deal 
with occasional situations.

5.5	Proposed operational 
parameters for NbS

Building on the above, the following five 
parameters are proposed. There has been some 
work already undertaken in the identification of 
these candidate parameters but IUCN’s next 
phase of work will be to convene its network 
of scientists from its expert Commissions, to 
test each of these thoroughly and then to use 
the final agreed set as the building blocks from 
which to derive a robust operational framework 
and standard that can be used to assess any 
NbS intervention.

Candidate parameters for an NbS operational 
framework could include:

a.	 Ecological complexity. This parameter 
supports interventions that would maintain 
or promote complexity at different 
ecological scales. 

b.	Long-term stability. This parameter would 
support interventions that can persist over 
many years.  

c.	 	Scale of ecological organisation. This 
parameter would support implementation 
at a scale that helps mediate the 
‘upstream and downstream’ relationships, 
dependencies and benefits.
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d.	 	Direct societal benefits. This parameter 
would support the delivery of an 
attributable and substantial stream of direct 
societal benefits.  

e.	 	Adaptive governance. This parameter 
would ensure that the NbS intervention and 

the ecosystems on which it depends are 
supported by institutional and decision-
making arrangements that can be flexible 
enough to adapt over time, to meet the 
changing needs of the people who manage 
and rely on these ecosystems.
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This report has presented:
•• a definitional framework, to support a clear 

understanding of what NbS interventions 
are and what they seek to achieve;

•• a discussion of how Nature-based 
Solutions relate to specific societal 
challenges;

•• 	a review of the different approaches that 
can be considered NbS;

•• 	a set of case study applications of NbS and 
lessons learned from these projects;

•• 	the rationale for developing an operational 
framework for NbS and some initial 
thoughts on what this framework would 
cover, in order to effectively operationalise 
the NbS concept and support best practice 
across a wide range of interventions. 

In the coming years, and building on its existing 
work, IUCN will further amplify its efforts to 
develop and advance effective NbS to meet 

global societal challenges. These Nature-based 
Solutions will make a direct contribution to 
global efforts, will enable vulnerable societies 
around the world to better adapt to the adverse 
effects of water and food insecurity and climate 
change, and will help reduce the impacts of 
natural disasters. To ensure that its work is 
rooted in a strong evidence base, IUCN will 
undertake a comprehensive study of NbS 
applications to various challenges, drawing on 
the best available cases of NbS from across 
a representative set of geographies and 
ecosystem types, and using these case studies 
to test the NbS parameters under development.

By unifying NbS interventions under a single 
operational framework, it becomes possible to 
scale up implementation of these interventions 
and strengthen their impact in mitigating the 
world’s most pressing challenges.

6.	Concluding remarks
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Case Studies: Nature-
based Solutions on the 
Ground

P
ar

t B

Transporting mangrove seedlings for 
planting in Costa Rica - Photo credit: 
Marco Quesada
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In order to demonstrate further the range of applications of the NbS concept, this section presents 
a suite of ten case studies. The initiatives described in these case studies have all employed at least 
one of the NbS approaches presented in Part A of this report, and have all aimed to address one or 
more societal challenges. The case studies have been selected to illustrate how NbS is being applied 
in different types of ecosystems and in different regions of the world (see Figure 9). Additional case 
studies will be published in a separate report.

Figure 9. Map of case study locations

Introduction to the case studies

1- Colorado, USA
2- Japan
3- UK
4- Rwanda
5- Ecuador
6- Jordan
7- Costa Rica
8- Northern Gulf of Mexico, USA
9- Spain
10- Guatemala and Mexico
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United States of America

Case Study 1
Restoration of Cache la Poudre River to recover ecological function and 
reduce flood risk in Fort Collins, Colorado

General background
Water resources in the semi-arid southwestern US are 
under increasing pressure from population growth and the 
demands of multiple users. Climate change models suggest 
that more extreme events will add to these pressures in the 
future (MacDonald, 2010). The Cache la Poudre River is a 
seasonal, snowmelt driven river originating in the Rocky 
Mountains running east into the lower-elevation plains. The 
River has played an important and historic role in the early 
settlement and growth of Fort Collins through the years, and 
supports the thriving urban centre it is today. City residents 
still consider the river central to the community’s identity 
and rely on it as a source of drinking water, stormwater 
conveyance, and tourism (Bartholow, 2010).

Today, land use changes in the river’s historic floodplain 
including gravel mining and urbanization diminish the river’s 
ability to scour and deposit sediment within the river channel 
and constrain flooding events onto the floodplain that 
nourish riparian vegetation with water and vital nutrients. 
Likewise, growing water demands to support agricultural 
and municipal needs have modified the river’s hydrology 
through alterations in base flow, timing and duration of 
flooding events, and negative physical and chemical 
changes in low flow periods (<0.85 cubic metres/second). 
Finally, regional climate change predictions complicate our 
ability to understand how the river’s hydrology and ecology 
may respond to warming climate scenarios.

For more than two decades the City of Fort Collins has 
invested heavily in this urban river through extensive 
planning efforts, purchase of approximately 700 hectares 
of lands within the river’s floodplain, projects to address 
stormwater control and conveyance, water quality 
management, and acquisition of in-stream flow water rights.

More recently, in 2011 the City’s Natural Areas Department 
published the Cache la Poudre River Natural Areas 

Biohabitats, Southern Rocky Mountain Bioregion Office, Denver, USA (jnorris@biohabitats.com)
Rick BACHAND, City of Fort Collins Natural Areas
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Management Plan (City of Fort Collins, 2011) 
outlining the opportunities and challenges 
in supporting the river’s ecological function 
and reducing risks to life and property during 
significant flood events. The City is tackling 
these challenges by applying Nature-based 
Solutions (NbS) to support ecological function 
and reduce flood risk to adjacent properties. 
Since 2011, a suite of river restoration projects 
using NbS practices have been implemented 
by the City of Fort Collins and its partners 
under the 2011 management plan, two of which 
are described here: Sterling Pond Ecological 
Restoration, and the McMurry Natural Area 
Ecological Restoration. These projects are in 
neighbouring areas, just upstream of downtown 
Fort Collins

Main activities
The primary objective for the Sterling Pond and 
McMurry Restoration projects was to remove 
high, artificial banks created along the riverbank 
during gravel mining operations, which sought 
to prevent river flooding during mining activities. 
As a result, the river and its natural processes 
became highly modified and dysfunctional. 
Unnaturally elevated banks disconnected the 
river from its floodplain, increased bank erosion 
due to increased shear stresses resulting from 
channel confinement, and eliminated bankside 
vegetation and habitat. Recently, the formerly 
common approach of creating channelized 
rivers with armoured banks has given way to the 
idea that surface and groundwater interactions 
within the river ecosystem (river channel, 

riparian forests, and associated wetlands) is 
necessary to sustain river health and habitat 
while providing for optimal water quality 
(filtration) and increased water quantities.

Sterling Pond (North Shields) Restoration 
Project. This restoration project covers a 
600-metre stretch of the Poudre River that flows 
alongside artificial ponds created by historic 
gravel mining activities. On the downstream end 
of the project, the Josh Ames (water) Diversion 
Structure, a defunct concrete dam created 
for farmland irrigation, created a barrier to 
the ecological system and the river’s physical 
processes. Restoring the Sterling site therefore 
involved three key strategies: lowering the high 
bank to widen the riparian zone and connect 
the river with its floodplains, creating additional 
shallow wetland habitat in the ponds, and 
removing the abandoned dam. The project was 
implemented in 2014 and 2015.  

The Colorado Water Trust (a non-profit 
streamflow restoration organisation) and the 
City of Fort Collins partnered together to 
remove the concrete dam which spanned the 
river. The objective of the dam removal was to 
restore natural river flow, enable fish passage, 
and improve the riverbed as fish habitat. Once 
the structure was removed, the team modified 
approximately 150 metres of the river to mimic 
natural river features and gradation. The 
sediment that had built up behind the structure 
was excavated and redistributed in the channel 
and on the upstream banks for stabilisation. 

Before and after dam removal at Sterling Pond restoration site - Photo credit: Biohabitats
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McMurry Restoration Project. The McMurry 
Natural Area is an 18-hectare site that 
includes an 800-metre stretch of the Cache la 
Poudre River and two adjacent gravel ponds. 
Restoration of the site began in 2010 and was 
completed in 2015. Like the Sterling project, 
lowering the riverbanks, creating wetlands in the 
gravel ponds, and revegetating the riparian area 
were primary objectives. This project included 
significant removal of concrete, debris, and old 
cars from the river bank placed there historically 
to prevent erosion.  

Planting native wetland vegetation and 
floodplain trees and shrubs was included in the 
restoration plan, because the riparian forest 
had been nearly lost due to the lack of flooding 
flows which nourish the floodplain with water, 
nutrients and sediment. Five diverse vegetated 
zones were created – emergent wetland, wet 

meadow, willow, cottonwood, and upland 
grasslands, all intended to increase native 
species diversity and enlarge the riparian forest. 

To facilitate public use and stewardship of the 
site, the project design included a pedestrian 
trail and designated fishing areas. Today, the 
property offers Fort Collins residents and visiting 
tourists a wealth of recreational opportunities.

Results 
Together, the two projects restored two 
kilometres of the river’s channel and riverbank, 
created over five hectares of riparian floodplain 
forest, and several hectares of wetlands. The 
projects planted an astounding 1,200 trees, 
25,000 shrubs and 60,000 wetland grass 
plugs.  Both projects included removal of hard 
infrastructure reconnecting more than 1,500 
metres of river with its floodplain. Removing 

Key lessons learned
Uncertainty of future hydrological conditions. The overarching challenge in transitional and 
semi-arid riparian systems is managing the uncertainty associated with future conditions and 
planning for increasing climatic and hydrological variability. Throughout the Rocky Mountains, 
upstream snowmelts are coming earlier and faster, and precipitation patterns are changing. 
These design challenges will become greater year after year. Restoration and flood control 
practices therefore need to be re-evaluated in light of the increasingly ‘flashy’ water flows. 
Lower-flow scenarios need to be examined during the design stage of restoration projects to 
better understand the interaction between the river and its floodplain. At a minimum, riparian 
restoration practices in this area need to carefully consider and plan for maintenance needs. 

Establishing baseline data. The Cache la Poudre River is a highly manipulated system, with 
water use for drinking, irrigation and recreation as well as hydrological and geomorphic changes 
driven by mining, flood control, diversion structures and land-use change. In such systems, 
establishing critical baseline flows becomes more difficult and the system's hydrology is harder 
to anticipate. Approaching these challenges relies on experts with a historical knowledge of the 
area, incorporating appropriate variability in any modelling efforts, and establishing the river's 
baseline behaviour over a suitably long timeframe. 

Partnership and collaboration. Although these specific projects did not draw in many partners 
and stakeholders, the projects are a subset of a much broader effort to fulfil the key goals of 
the Cache La Poudre Natural Areas Management Plan, and build on the broad coalition of 
stakeholders engaged in this overall planning process.
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the Josh Ames Diversion Structure resulted 
in multiple ecological benefits including 
lowering river water temperatures, eliminating 
fish barriers, and enhancing public safety for 
recreational float boating.

The projects also incorporated a number 
of recreational features. The City’s Natural 
Areas Department was responsible for the 
location and development of trails and river 
fishing access points within the project area. 
At McMurry, a series of boulders placed at 
approximate water elevations were placed to 
help visitors understand the importance of 
functional floodplains, and the necessity of high 
river flows to spill out of its channel. 

The City of Fort Collins continues to work in 
partnership with a broad and diverse range of 
partners to implement restoration projects that 
connect the river to its floodplain, improve base 
river flows, create rich wildlife habitat, improve 
aesthetics and offer recreational opportunities 
for the community.
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JAPAN

Case Study 2
Japan: Wetlands and rice paddy fields contribute to biodiversity 
conservation, flood control and the local economy

General background
Some 60% of Japan’s wetlands have been degraded in the 
past 100 years due to the growth in intensive agriculture 
practices, driven by food security and development 
pressures; this loss of wetlands has significantly reduced 
ecosystem services and biodiversity (FAO, 2013). In the 
northern part of the Miyagi prefecture, the situation is acute 
– 92% of this area’s wetlands have disappeared, converted 
to rice paddies or dry-fields for non-rice crops (Kurechi, 
2007). In view of this extensive environmental degradation, 
policy makers are increasingly concerned about the long-
term sustainability of conventional agricultural practices for 
the environment and communities (FAO, 2013). Policies may 
need to be revitalised to address agricultural-environmental 
issues as a means of sustainable community development. 
Furthermore, faced with declining domestic rice prices, 
farmers are seeking methods to add value to their produce 
in order to gain a competitive advantage (FAO, 2013). 

The Kabukuri-numa wetlands, covering 100 hectares, 
comprise one of the few remaining wetlands in the area, 
their conservation assured because of their recognised 
function as a Nature-based Solution to managing disaster 
risk (Kurechi, 2007). As the prefecture’s extensive lowland 
floodplain is often damaged by heavy rains, the government 
has developed and used the Kabukuri-numa wetlands and 
their surrounding rice paddies as a flood-control basin 
since 1970. The restoration of these wetlands has also 
boosted the population of white-fronted goose (a protected 
species in Japan) by providing significant over-wintering 
habitat (Osaki City, 2015). Migratory geese are now seen 
as an important indicator of the health of both the wetlands 
and the rice paddies. The government is committed to 
sustainable agricultural practices, not only through its 
continued protection of the Kabukuri-numa wetlands but 
also through the restoration of the wetland function of rice 
paddies by supporting the new practice of ‘winter-flooded 
rice paddy’.

Naoya FURUTA, IUCN Japan Liaison Office, Tokyo, Japan (naoya.furuta@iucn.org) 
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Main activities
Sustainable agricultural practices. Because 
of the widespread wetland degradation and 
habitat loss, white-fronted geese gathered in 
large numbers in the Kabukuri-numa wetlands 
(Ministry of the Environment, 2010), leading to 
conflict between conservation organisations 
protecting the geese and local farmers angered 
over loss of their grain. In 1999 the local 
government sought to address this problem by 
compensating farmers for the goose-related 
agricultural losses they incurred. With this 
governmental support and increased awareness 
of wetland benefits, local farmers gradually 
started to change their practices. In 2003 a 
group of local farmers decided to implement a 
new practice of flooding their rice paddies in the 
winter (Furuta, 2016). Flooding rice paddies that 
are usually left dry in the winter creates more 
habitat for migratory birds in the winter season, 
thereby dispersing the roosts of the geese and 
improving the wetland function. Because of this 
practice, from 2009 to 2012 farmers did not 
need to apply for compensation for damaged 
agricultural lands or reduction in agricultural 
yields due to geese.

Sustainable agricultural practices such as this 
winter flooding of rice paddies, no-till farming 
and reduced pesticide use are marketed to 
consumers through certification and labelling 
programmes developed by the prefectural 
government and/or Japanese Agricultural 

Standards Association, to add value to 
agricultural produce (FAO, 2013). Since 1996, 
local municipal compensation is also available 
for farmers with rice paddies surrounding the 
Kabukuri wetlands who adopted practices 
that “contributed to restoration and continued 
management and conservation of rice paddies 
as substitute habitats of floodplain wetlands” 
(FAO, 2013, p. 3), such as reducing chemical 
fertilizer and pesticide use.

Conservation and restoration efforts. In 
1997 the Miyagi prefectural government 
set up a roundtable for information sharing 
among relevant stakeholders (including local 
government officials, local farmers, academics 
and conservation organisations) to discuss 
important issues regarding the continued 
restoration of the Kabukuri-numa wetlands. 
Plans to create additional wintering sites for 
wild geese conflicted with government plans 
to increase the flood control capacity of the 
wetlands, since these plans would potentially 
negatively affect the wetland environment. 
Following collaborative discussions, measures 
were taken to improve flood control and 
conserve and restore the existing landscape 
(Furuta, 2016). For example, a clay overflow 
levee that took landscape and environmental 
factors into consideration was chosen instead 
of a concrete one (Osaki City, 2015). This is an 
uncommon practice in Japan. Embankments 
surrounding the Kabukuri-numa wetlands were 

A flooded rice paddy - Photo credit: Naoya Furuta Part of the restored Kabukuri-numa wetlands - Photo 
credit: Naoya Furuta
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to be kept unpaved and cars were banned 
from entering the embankments to avoid 
frightening the birds (Furuta, 2016). In this way, 
the roundtable played a significant role in the 
conservation of the Kabukuri-numa wetlands, 
providing space to build consensus among 
the different stakeholders and find innovative 
solutions to balance the need for flood control 
and conservation.

Education. The general public knew little about 
the benefits of the Kabukuri-numa wetlands 
and had little interest in conserving them. A 
non-profit organisation was formed thanks 
to the inspiration of Mr. Masayuki Kurechi, 
chairman of the Japanese Association for Wild 
Geese Protection, an organisation that has 
been instrumental in environmental education 
and awareness raising, particularly for the local 
people and school children. 

Results
Conservation success. In 1997 farmers 
(landowners) jointly decided to restore the 
Shiratori district (a 50-hectare area of rice 
fields adjacent to Kabukuri-numa) to its 
original wetland status. The total area of the 
wetlands has therefore increased from 100 
hectares to 150 hectares. Since 1999 the 
number of migratory geese in these wetlands 
and surrounding rice paddies has increased 
threefold, indicating a healthier landscape (FAO, 
2013).

Income generation for farmers. According to 
local farmers, crop yields dropped about 20-
30% following adoption of the new practice 
of winter-flooded rice paddies. At the same 
time however, successful branding and eco-
labelling of the product (as ’premium rice’) 
almost doubled the retail price and a local 
sake brewery purchases winter-flooded rice 
at premium cost, selling it as limited edition 
sake (titled “Winter-flooded Rice Paddy Sake”). 
Furthermore, the restoration efforts and the 
resulting increase in the area’s goose population 
have provided farmers with alternative income-

generating eco-tourism opportunities during 
non-farming months as visitors come to observe 
the migratory birds during winter (FAO, 2013). 
The geese are also being used as an effective 
marketing tool to capture the attention and 
support of consumers and society for purchase 
of environmentally friendly rice products (FAO, 
2013). These economic benefits from the 
presence of the geese mean that the birds are 
now an important element assuring the future 
sustainability of agriculture in this area.

Up-scaling. Local government subsidies 
continue to compensate farmers for the costs 
involved in managing water in the rice paddies 
during the winter season. This compensation 
scheme attracted the national government’s 
attention and in 2011 the Ministry of Agriculture, 
Forestry and Fisheries started a national 
Payment for Ecosystem Services scheme for 
environmentally friendly farming practices, 
based on this compensation system in the 
Kabukuri-numa wetlands area (FAO, 2013). 
Winter-flooding of rice paddies is now practiced 
in many parts of Japan. Currently the Miyagi 
prefectural government is planning to invest in 
agricultural infrastructure, upgrading projects 
in the area where the winter-flooded rice paddy 
practice is taking place. 

Model of biodiversity conservation within 
an agricultural system. Registering with 
the Ramsar Convention in 2005 was a big 
step forward in accelerating and scaling up 
the efforts in the Kabukuri-numa wetlands. 
This was the first Ramsar site to intentionally 
include rice paddies within a wetland area 
(Ramsar Convention, 2016a). To disseminate 
the experiences and lessons learned from the 
Kabukuri-numa wetlands, a resolution was 
adopted at Ramsar COP10, which encourages 
parties to actively promote the planning, 
practices and management needed to enhance 
rice paddy biodiversity, and to help raise 
awareness of the potential role of rice paddies 
in biodiversity conservation at the global level 
(Ramsar Convention, 2016b). 
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Key lessons learned
Collaboration. Productive and cooperative relationships are necessary among relevant 
stakeholders for information sharing and joint decision making, to balance the needs for farming, 
disaster risk reduction, and conservation. A willingness to listen to conflicting interests is 
necessary. 

Policy. Policy should be built on stakeholder discussions and be flexible to modification in order 
to meet new and emerging challenges. Local efforts require policy support both at local and 
national levels for project continuation and up-scaling. In this case, recognition at the global 
level, i.e. Ramsar Convention, helped facilitate up-scaling of the project.

Income support for locals. Local farmers require governmental support in their efforts to 
implement practices that both support biodiversity and conservation, and provide sufficient 
income.
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United Kingdom

Case Study 3
UK: A collaborative approach to managed realignment of coastal 
defences in South-East England

General background
Worldwide, rising sea levels are intensifying flood risk 
(Woodruff et al., 2013). Ecosystem-based coastal defences 
can provide part of a solution to this growing problem 
(Temmermen et al., 2013). In northern Europe, managed 
realignment – the planned reconfiguration of river, estuary 
or coastal defences – has been used as a Nature-based 
Solution to avoid coastal flooding through the cost-effective 
creation of wetland habitat and the removal of seawalls 
(Turner et al., 2007). 

Saltmarshes and intertidal mudflats have important 
biodiversity and cultural values (as recognised in the 
Ramsar Convention on Wetlands (Foster et al., 2013)). 
However, in England and elsewhere these ecosystems are 
being threatened by ‘coastal squeeze’, whereby erosion 
contributes to the loss of upper inter-tidal habitats (Morris, 
2013). While creating new salt marsh can address flood risk 
and compensate for some habitat loss, rapid loss of existing 
habitat remains a continuing problem (Foster et al., 2013). 
In response to pilot initiatives in the UK and supporting 
policies, over 100 sites in northern Europe had undergone 
managed realignment by 2005 (Doody, 2013). 

In the Solent area of England’s southern coast, erosion 
has significantly reduced intertidal and mudflat habitat and 
the conservation and sustainable use of these intertidal 
mudflats and saltmarshes are of high concern. In contrast 
to earlier laws that supported the conversion of these 
habitats for development, new legislation now promotes 
their conservation. Many UK biodiversity policies provide 
standards that seek to integrate elements of biodiversity 
conservation into development projects. These policy 
instruments include for example the Ramsar Convention 
on Wetlands of International Importance, the UK Waterfowl 
Habitat, and the UK Biodiversity Action Plan, the last of 
which sets ‘no net loss’ targets for intertidal mudflats 

Nick GRAY, UK Environment Agency, Worthing, England (nick.gray@environment-agency.gov.uk)
Joe PEARCE, UK Environment Agency, Worthing, England  
Colin MAPLESDEN, UK Environment Agency, Worthing, England 
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and saltmarshes. Linked to these policies are 
numerous shoreline management and coastal 
habitat plans to mitigate flood risk (Foster et al., 
2016; Thomas, 2014).

Main activities
Flooding from the sea and local streams had 
been a problem in the Solent for many years, 
prompting concerned local residents to act. 
In 2001, residents organised an international 
meeting, inviting Dutch coastal planning and 
management experts to help local communities 
understand the issues and to set out the options 
and implications to be considered (Cobbold 
& Santema, 2001). As a result, the Manhood 
Peninsula Partnership (MPP) was formed, 
providing a forum for local people and statutory 
bodies to resolve how best to address flood risk 
in this section of the Solent. 

In 2007, the UK Environment Agency, the body 
responsible for overseeing flood and coastal 
management in England, undertook wide public 
consultation on the draft recommendations for 
the ‘Pagham to East Head Coastal Defence 
Strategy’. This strategy was the first document 
to recommend a managed realignment project 

at Medmerry, a coastal site at the tip of the 
Manhood peninsula where new defences would 
be built inland from the existing coastline. 
This option was initially not well received by 
the majority of local people. As part of the 
community response, local representatives were 
instrumental in raising further awareness and 
addressing community concerns by organising 
a second international event involving local 
people, management authorities and Dutch 
planning and coastal management experts 
(Cobbold & Santema, 2008). In response to the 
initial public concern, the Environment Agency 
worked with a large group of concerned local 
people to form the Medmerry Stakeholder 
Advisory Group (MStAG), a group of self-elected 
representatives from among the wider group to 
represent local views, interact with the project 
team and report back to the community. In 
2008, land was purchased for the realignment. 
Construction began in October 2011 and was 
completed in late 2013 (Maplesden et al., 2015). 

The managed realignment project was a 
complex one to implement. Given that the 
site had environmental and cultural values, 
particularly for birds, water voles and 

Aerial view of managed realignment at low tide - Photo credit: UK Environment Agency
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archaeological remains, partnerships had to be 
created to ensure that habitat and ruins were 
properly managed. Although the Medmerry 
scheme would potentially offset coastal squeeze 
losses elsewhere in the Solent and so help 
meet England’s biodiversity strategy targets, 
the scheme also had to reduce any habitat 
impacts that would occur during construction 
(Maplesden et al., 2015). To assist in decision 
making on biodiversity issues related to ground-
nesting birds, reptiles and water voles, a Habitat 
Creation Working Group was created. A further 
partnership with the RSPB (Royal Society for the 
Protection of Birds) helped manage construction 
during breeding times, particularly for rare 
birds. Efforts were made to relocate water 
vole populations and create habitat at the new 
site. Important Bronze Age settlements were 

also discovered in the site and were managed 
in collaboration with the Centre for Applied 
Archaeology at the University College London.

The project planning and development was 
governed by three groups: (1) the Core Team, 
comprised of engineers, environmental 
scientists and engagement specialists from 
the UK Environment Agency; (2) the Habitat 
Creation Group that included Natural England, 
RSPB, local wildlife groups, academics, local 
authority officers working with the Environment 
Agency and consultants; and (3) the Medmerry 
Stakeholder Advisory Group (MStAG). Before 
and during construction, the design team 
adopted a policy of sharing important design 
decisions with the MStAG, thereby creating 
a positive flow of information, fostering 

Key lessons learned
Collaboration. The success of this project depended on close collaboration between a 
wide range of stakeholders which allowed for innovative problem-solving. This collaborative 
approach included citizens actively engaged in consultations, collaborations between Dutch 
and English planners, partnerships with environmental organisations and universities, a 
complementary coastal scheme conducted by the private sector, and an openness on the part 
of the Environment Agency and all public sector organisations involved to share and work in 
partnership with others.

Community action and engagement. Empowered local residents can bring about change and 
initiate action (Scholten & Keskitalo 2015; Cunningham & Cobbold 2015). Similarly, engaging 
with local residents early and often to answer questions and address concerns is critical to 
carrying out a successful project. Other considerations include using independent facilitation 
to move difficult conversations forward, involving communities in important decisions during 
construction, creating an environment of trust, bringing in conservation partners early for site 
management and design decisions, forming specialist groups to manage complex issues such 
as habitat management, understanding how archaeological finds may impact construction, and 
managing construction timelines to account for stakeholder concerns, habitat and species needs 
and archaeological finds (Maplesden et al., 2015). 

Coastal squeeze risk. Coastal squeeze remains an issue for other managed realignment 
schemes, which can be subject to the same erosion processes as natural coastal wetlands. 
The contribution of managed realignment to address intertidal habitat loss or biodiversity loss 
therefore remains debated (Brady, 2015; Foster et al., 2013). In the case of Medmerry, changing 
dynamics were taken into account and so there is no ongoing concern for the intertidal habitat 
created at this site.
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local support for the design, and enabling 
construction to stay on target. 

An extensive monitoring programme was 
established at the project site to track the 
evolution of the beach, intertidal and habitat 
areas. The data obtained from this monitoring 
will inform future coastal and habitat evolution. 
Monitoring of water voles is undertaken by 
the University of Brighton on behalf of the 
Environment Agency and includes engaging 
with a local wildlife group and volunteers.

Results
Flood protection. The Medmerry managed 
realignment scheme has proved successful. 
The winter of 2013-14 was one of the stormiest 
and wettest for the UK in the past 50 years. 
Whereas past storms of this scale in 2008 
had caused 6 million GBP in damage, no 
damage was sustained in 2013-14. In feedback 
obtained from the MSTaG, the community 
appears to be happy with the results post-
project, both for demonstrably reducing flood 
risk and for increasing wildlife habitat and 
tourism.

New wildlife habitat. Intensive monitoring 
of birds, water voles and fish all show that 
they are successfully using the new habitat. 
Continued monitoring is planned and will 
allow for a greater analysis of species usage 
of the habitats in the future. Furthermore, the 
environmental partnership created during the 
managed realignment project allows the RSPB 
to manage the site as a bird sanctuary and the 
site is expected to become part of the Natura 
2000 network of European protected areas. 
Since Medmerry compensates for coastal 
squeeze, it is considered to be one of the most 
significant outcomes for conserving intertidal 
mudflat and saltmarsh habitat (Foster et al., 
2016). 

Private sector collaboration. Although the 
realignment scheme could not extend to protect 
an adjacent holiday park, the park self-funded 
a complementary scheme that was developed 

at the same time as the main scheme described 
here. It was also completed in 2013 (Pearce 
et al., 2013). As such, a positive collaboration 
between the public and private sector to protect 
the coastline was established.
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Rwanda

Case Study 4
Rwanda: Forest Landscape Restoration as a national priority

General background
Forests provide many ecosystem services such as 
supplying clean water, food and wood, reducing erosion 
and sequestering carbon; these services are important for 
the economies of many communities, including those in 
Rwanda. Most of Rwanda’s population relies on subsistence 
agriculture for their livelihoods, and on wood as their main 
source of energy production (Ministry of Natural Resources, 
2014). One of the primary challenges facing Rwanda is the 
management of its existing resources to meet the needs 
of an increasing population. Between 2002 and 2012, the 
country’s population increased from 8.1 to 10.5 million 
people, making Rwanda Africa’s most densely populated 
country (MINECOFIN, 2013). High population growth has 
put strong pressure on Rwanda’s forest ecosystems, with 
natural forests being increasingly converted to agricultural 
land and small woodlots being overexploited for fuel wood. 
Alongside these problems, the country’s forest plantations 
are becoming less productive (as most of them are at the 
end of their productive life) and are potentially vulnerable to 
pest and disease outbreaks, as they are largely dominated 
by a few species of Eucalyptus (Ministry of Natural 
Resources, 2014). 

Although earlier efforts were made to restore degraded 
forests, the 1994 Rwandan genocide halted all such 
activities (Ministry of Forestry and Mines, 2010b). It was 
not until the mid-2000s that sustainable management 
was reinstated. The successful restoration of the Rugezi 
wetlands initiated in 2004 is a good example of a Nature-
based Solution, providing a reference point for the use 
of ecosystem restoration to address societal challenges. 
The restoration of these wetlands and the surrounding 
watershed not only brought important livelihood benefits 
to local communities, but also enabled the Ntaruka 
hydropower station to return to full operational capacity 
after a steep decline in power generation, thereby easing 
what had been a national energy crisis for Rwanda (Hove et 
al., 2011). 

Charles KARANGWA, Forest Landscape Restoration Hub, IUCN Eastern and Southern Africa, Kigali, 
Rwanda (Charles.KARANGWA@iucn.org)

UK aid branding guidance June 2014
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Main activities
Enabling national policies. Several national 
policies have been very important in driving 
the forest landscape restoration work in 
Rwanda. The National Forest Policy, first 
established in 2004 and updated in 2010, 
promotes sustainable management, stakeholder 
involvement in decision-making, agroforestry on 
agricultural land, and protection of endangered 
species (Ministry of Forestry and Mines, 2010a). 
The updated version also includes a new 30% 
national forest cover target to be achieved by 
2020 (Ministry of Forestry and Mines, 2010a). 
Recognising the important role forestry plays 
in contributing to the GDP, the Economic 
Development and Poverty Reduction Strategy 
(EDPRS) advocates for the protection and 
maintenance of 10% of existing natural forests 
and reduction of wood energy consumption 
from 86% to 50% by 2020 (Ministry of Natural 
Resources, 2014). Rwanda’s Vision 2020 policy 
for development was updated in 2012 to include 
the 30% reforestation target. Although forest 
cover has increased since these policies were 
put in place, only about 38% of it is natural 
forest (Ministry of Natural Resources, 2014). 

The increased commitment to these 
reforestation targets has been motivated 
in part by Rwanda’s commitment to the 
Bonn Challenge, a global forest restoration 
effort launched in 2011. Rwanda’s pledge 
to restore two million hectares of degraded 
and deforested land aims to “restore forest 

landscapes to improve ecosystem quality and 
resilience, provide new opportunities for rural 
livelihoods, while securing adequate water and 
energy supplies and supporting low carbon 
economic development” (Ministry of National 
Resources, 2014, p. 1). The pledge built on 
existing commitments made by Rwanda and 
provided the motivation for the government to 
take the next step in conducting a countrywide 
restoration opportunity assessment. 

Launching Forest Landscape Restoration 
strategies. The Rwanda Natural Resources 
Authority (RNRA), within the Ministry of Natural 
Resources (MINIRENA), used the Restoration 
Opportunity Assessment Methodology 
(ROAM) with support from IUCN and the 
World Resources Institute (WRI) to determine 
those areas and landscapes most in need of 
restoration (IUCN & WRI, 2014), where benefits 
would be most immediate, and success most 
likely (Ministry of Natural Resources, 2014). The 
results of the national assessment provide a 
conceptual framework for decision-making on 
forest landscape restoration (FLR) at a national 
scale. They present a general overview of the 
opportunities available, as well as guidelines for 
action to deliver the Bonn commitment and the 
Vision 2020 and EDPRS targets. 

The ROAM assessment followed a collaborative 
and iterative process. Not only was the project a 
collaborative effort between IUCN, WRI and the 
RNRA, but analyses were presented to district-

Forest Landscape Restoration site in Gatsiibo District, northeast Rwanda - Photo credit: Craig Beatty
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level and national stakeholders for input and 
feedback before the final report was released 
in 2014 (Ministry of Natural Resources, 2014). 
Since the ROAM study built on existing policies 
and targets, it was able to gain support within 
cabinet from other Ministries. In 2015, the 
ROAM assessment was officially launched by 
the Government of Rwanda, which committed 
to implementing the five recommendations of 
the report: (1) improve coordination among 
government agencies, (2) improve delivery 
of high quality planting stock, (3) put in place 
conditions to increase demand for products 
from FLR, (4) prioritise FLR projects; and (5) 
improve financing resources for FLR (Ministry of 
Natural Resources, 2014).

Results
ROAM results. Rwanda currently has about 
29% forest cover (Ministry of Natural Resources, 
2014). The ROAM analysis indicates that 
approximately 2.5 million hectares of land and 
freshwater resources could directly benefit 
from FLR in terms of improved productivity, 
quality and functionality of forest ecosystems 
(Ministry of Natural Resources, 2014). Five 
types of intervention were identified: targeting 
agroforestry on both flat and sloping land, 
improving silviculture and rehabilitating managed 
woodlots, protecting and restoring existing 
natural forests, and establishing protective 
forests on steep sloping land and in riparian 
zones (Ministry of Natural Resources, 2014). 

The main challenges involved in achieving 
the restoration objectives include: insufficient 
shared vision and coordination among ministries 
and agencies on the role of FLR in delivering 
national priorities; limited availability of quality 
tree seed and production of planting stock; 
significant gaps in knowledge and technical 
capacity on basic restoration approaches; lack 
of awareness and understanding of FLR among 
farmers, particularly on native species; and lack 
of emphasis on the potential role of the private 
sector (opportunities and models for public-
private finance) (Ministry of Natural Resources, 
2014).

Implementation of ROAM recommendations. 
Institutional changes and restoration projects 
have been put into place in response to the 
ROAM recommendations. For example, a 
Joint Sector Working Group was established 
to improve coordination between different 
government agencies and between the 
government, NGOs and international technical 
agencies (Clear Horizon Consulting, 2015). 

To address the issue of tree seed availability, 
responsibility for the management of the 
national Tree Seed Centre was transferred from 
the Ministry of Agriculture to MINIRENA, since 
the latter is better able to expand and improve 
the seed stock. The Centre is responsible for 
the collection, preservation, certification and 
distribution of tree germplasm for agroforestry, 
reforestation and other tree planting 
programmes for Rwanda and other areas in the 
highland region of East Africa (Mugungu et al., 
1996). IUCN worked with MINIRENA to develop 
a tree seed strategy in Rwanda which is now 
in its final stage. This strategy addresses the 
issues related to seed research, seed availability 
and management of the supply chain, as well as 
seed management infrastructure.

Two restoration projects were started in 2015: 
(1) RNRA is working with IUCN to determine 
carbon stocks and other ecosystem services 
in two Rwandan districts (East and North) and 
to implement restoration of degraded areas 
of about 18000 ha (Gatsibo and Gicumbi 
Districts) (Clear Horizon Consulting, 2015). This 
restoration project will generate employment 
for about 60,000 people, 70% of which are 
women; sequester 1,099,500 tonnes of CO2e; 
and increase crop productivity by 18% through 
agroforestry initiatives. (2) a World Bank-funded 
project, the Landscape Approach to Forest 
Restoration and Conservation (LAFREC), has 
been set up as a demonstration of landscape 
management for enhanced environmental 
services and climate resilience in the Gishwati-
Mukura corridor of north-western Rwanda 
(World Bank, 2016). Goals of the project include 
increasing the number and diversity of trees to 
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improve soil fertility, stabilize slopes, regulate 
stream flow and expand the resource base for 
local livelihoods (World Bank, 2014). The project 
also hopes to improve agricultural production 
through sustainable land management and 
agroforestry, improve flood forecasting and 
preparedness, and implement terracing to 
prevent land erosion (World Bank, 2014).

In 2016, IUCN in partnership with the 
government of Rwanda launched a Regional Hub 
on Forest Landscape Restoration that provides 
technical and policy support to countries in 
eastern and southern Africa. The hub is hosted 
by the government of Rwanda and focuses on 
innovation and accelerating restoration.

Restoration financing opportunities. 
Government funding levels are not adequate to 
meet Rwanda’s goal of reforesting two million 
hectares of trees. New sources of funding are 
therefore required. In 2013, the Government of 
Rwanda established the National Climate and 

Environment Fund (FONERWA) as a primary 
financing mechanism for public and private 
environmental projects that have the potential 
to significantly contribute to Rwanda’s climate-
resilient development needs. The centralised 
funding ensures that initiatives are consistent 
with national priorities and targets for FLR 
(FONERWA, n.d.). The private sector can apply 
for funding either through financing (they are 
required to provide 25% equity) or through a line 
of credit from the Rwandan Development Bank 
(Global Landscapes Forum, 2016). To date, eight 
calls for proposals have been completed, and 
funds have been granted to 31 projects (Global 
Landscapes Forum, 2016). Projects include 
integrated watershed management (involving 
FLR), alternative energy production, and 
development of green villages. This financing 
mechanism was established independently of 
the ROAM process, but is critical for guiding 
and prioritising FLR investment, and stimulating 
and supporting FLR activities. While there is still 
a gap between money holders and smallholder 

Key lessons learned
Role of champions. The most important factor in gaining support for ROAM and FLR within the 
cabinet has been the presence of champions within government who have provided direction, 
technical expertise and institutional linkages.

National context. Framing of the ROAM assessment within a national context (i.e. building on 
existing policies) was critical to the adoption of the report by the Government of Rwanda. 

Collaboration. Coordination among government agencies is needed for FLR implementation 
so that ministries work together to collaborate with the private sector and civil society. The 
identification of knowledge uptake pathways is also very important.

Economic considerations. In order to increase the demand for trees and products from 
FLR, support needs to be given to farmers to improve the return they receive from restoration 
activities and to make them aware of the benefits they can receive from FLR. In addition, a full 
range of opportunities, options and models for unlocking finances should be identified to support 
FLR activities.

Pilot activities. Early application of FLR in selected landscapes should be prioritised and 
supported to test how FLR interventions can be most effective through existing or planned 
initiatives.
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farmers, IUCN is working with the Fund to 
develop financing mechanisms and instruments 
to bridge this gap.
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Ecuador

Case Study 5
Ecuador: One landowner’s approach to forest restoration and 
sustainable management

General background
Ecuador has one of the highest deforestation rates in 
South America (Blaser et al., 2011). Between 1990 and 
2015, the country’s forest cover was lost at an annual rate 
of about 0.6%, due to expansion of agriculture (cropland 
and pastures), oil exploration, logging, mining as well as 
insecure land tenure, and weak public institutions (Blaser et 
al., 2011; FAO, 2015; REDD desk, 2016). Illegal and informal 
timber harvesting is widespread throughout the country. 
Furthermore, Ecuador is highly vulnerable to climate change, 
due to its economic reliance on resources that are affected 
by climate change, especially in its high-altitude ecosystems 
(including forests) (Blaser et al., 2011). Forest resources are 
especially important for those living in rural areas, many 
of whom rely on these resources for their livelihoods (e.g. 
timber products, hunting, land reserve for conversion to 
agriculture). Although Ecuador’s overall poverty rate has 
declined from 37.6% in 2006 to 23.3% in 2015, rural poverty 
rose in 2015 to 39.3% (World Bank, 2016). Rural smallholder 
farmers have limited access to credit, markets and 
technology, and are strongly impacted by degradation of 
ecosystems and the effects of climate change (IFAD, n.d.). 

To combat deforestation and invest in social and economic 
development, the government of Ecuador developed various 
policies and pieces of legislation, including its National Plan 
for Good Living (Buen Vivir), which set a target of a 30% 
reduction rate in deforestation, recognized the rights of 
nature and the state’s role in conservation, and promoted 
the sustainable use and restoration of fragile ecosystems 
(National Secretariat, 2010; 2013). In 2008, the Ministry of 
Environment also launched its SocioBosque programme 
which provides economic incentives to landowners 
who decide to protect their forests (Blaser et al., 2011). 
However, sustainable forestry laws and regulations are 
often contradictory and enforcement is weak, making 
implementation of sustainable practices less effective 
(Blaser et al., 2011). 

Hugo CERDA, ESPOCH, Riobamba, Ecuador (hugocerda04@gmail.com)
Brian MCLAREN, ESPOCH, Riobamba, Ecuador 
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This case study describes how, with no external 
funding, one private landowner succeeded in 
restoring a 10-hectare area of forest in order to 
provide a sustainable source of income for his 
family and improve the resilience of this forest 
land to climate change impacts. Beginning 
in 2000, in the village of Buenos Aires (in the 
Province of Chimborazo), Mr. Manuel Ramon 
developed an ‘analogue forest’ from a disturbed 
and deforested area on his holding. Analogue 
forestry “uses natural forests as guides to create 
ecologically stable and socio-economically 
productive landscapes”, and considers 
adaptation to, and mitigation of climate change 
(IAFN, 2016). After realizing that many timber 
species and the forest’s ecosystem services 
were endangered, Mr. Ramon (having previously 
worked as a logger) became a sustainable 
forest manager to restore these species and 
ecosystem services. 

Main activities
With limited knowledge and experience and 
through trial and error, the landowner discovered 
profitable and sustainable forest management 
techniques. The forest in Chimborazo is a humid 
tropical forest, with a great diversity of species. 

Restoration. Instead of planting monocultures, 
Mr. Ramon created ecological associations 
between mahogany (Swietenia macrophylla) and 
Ecuador laurel (Cordia alliodora), and between 

the Brazilian fire tree (Schizolobium parahybum), 
teak (Tectona grandis), mahogany, and 
Ecuador laurel. He used a number of ecological 
restoration techniques to improve soil moisture 
and fertility. He took note of optimal planting 
distances and planting times and observed the 
processes of ecological succession in the forest, 
identifying those species that did not adapt to 
the local ecosystem. In this way, he developed 
his own set of best practices for reforestation, 
climate adaptation and resilience.

Economic development. Not only did 
the landowner use his forest resources 
for subsistence, but he also identified the 
tree species that produced good quality 
commercial timber (e.g. for furniture making 
or cabin construction) and sold the wood to 
generate income. He collected the best seeds 
from the best trees and cultivated them in 
a nursery, transplanting the saplings in the 
forest to replace the harvested trees. Given the 
profitability of the forest, he was able to hire 
three employees for silvicultural work, thereby 
generating income for others in the community. 

Collaboration and knowledge sharing. Mr. 
Ramon’s formal engagement with government 
agencies began in August 2012, when the 
Chimborazo Ministry of Environment’s Forestry 
Office of the Provincial Authority helped trace 
and classify the harvested wood to signify 

Two plots in an ‘analogue forest’ - Photo credit: Liette Vasseur
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its legality. The Ministry also helped him 
establish scientific and educational tourism by 
determining the taxonomy and identification 
of seed trees, creating signage for the trees, 
and designing tourist trails. Domestic and 
international researchers have visited the forest 
to learn more about these forest conservation 
techniques.

Results 
Environmental benefits. A resilient analogue 
forest has been established, which provides 
multiple ecosystem services to people, 
including a cooler climate, a refuge for fauna 
(reptiles, bats, birds, armadillos), retention of soil 
moisture via the accumulation of organic matter, 
recycled nutrients, pollination via the presence 
of bees, seed dispersal, and regulation of the 
hydrological cycle. Additionally, pest outbreaks 
are regulated and carbon is captured. 

Livelihood benefits. Additional food sources, 
such as oranges, are generated. The forest 
also produces material for construction, good 
quality furniture as well as bi-products such as 
firewood and sawdust. Medicinal herbs and 
organic cacao can also be used by this family 
and sold to others. Finally, the beautiful forest 
environment also enhances health and well-
being. 

Biodiversity benefits. Over 15 forest species 
have been used in the reforestation, including 
the Black Manwood (Minquartia guianensis), 
mahogany (Swietenia macrophylla), cedar 
(Cedrela odorata), and Simira cordifolia, which 
were endangered.

Policy alignment and institutional 
partnerships. The analogue forest contributes 
to Objective 7 of the Plan de Buen Vivir 2013–
2017, which aims to “guarantee the rights of 
nature and promote environmental sustainability 
globally” (National Secretariat, 2013, p. 69). It 
also complies with the National Climate Change 
Strategy 2012–2025, and the National Forest 
Restoration Plan 2014–2017 (Ministerio del 
Ambiente, 2014). In addition to the Ministry’s 
involvement in the initiative, the Polytechnic 
University of Chimborazo has also begun to 
participate through researchers’ and students’ 
work in the analogue forest.

Long-term impacts and expected results. It is 
hoped that this model will be replicated across 
Ecuador and that it will become widely adopted 
as a Nature-based Solution to address climate 
change adaptation and mitigation as well as 
poverty alleviation.

Acknowledgements
Manuel RAMÓN; Lady Abigail QUITO; Marcelo 
PINO, Director Provincial del Ministerio del 
Ambiente de Chimborazo; Alberto Paul 
CASTELO, Director Patrimonio Natural de 
Chimborazo. 

References
Blaser, J., Sarre, A., Poore, D. and Johnson, S. 

(2011). Status of tropical forest management 
2011. ITTO Technical Series No 38. 
International Tropical Timber Organization, 
Yokohama, Japan.

Key lessons learned
Individual commitment. This restoration succeeded due to the inspiration and innovation of one 
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Income generation. Conservation actions must be coupled with income in order to generate 
activities for long-term sustainability.
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Jordan

Case Study 6
Jordan: Securing rights and restoring lands for improved livelihoods

General background
The Zarqa river basin in northern Jordan, where about 
half of the country’s population live, has seen severe land 
degradation, which has in turn resulted in high levels of 
poverty and unemployment. The biodiversity loss, land-
use changes and ground water extraction can be traced 
to unsustainable development and mismanagement of 
natural resources (Haddad, 2014). Grazing land is now very 
scarce and range management for grazing has become a 
marginal activity (Haddad, 2014). The contribution of natural 
rangelands to livestock feeding in Jordan has decreased 
from 85% in the 1950s to less than 10% in 2011 (Haddad, 
2014). Livelihood strategies have shifted to high-intensity 
agriculture – including poultry, cattle and irrigated crop 
production – which now uses most of the available water 
resources (Haddad, 2014). In addition, the region is subject 
to desertification and unpredictable precipitation, further 
increasing the pressures on the ecosystems and people 
of the river basin (Hima Management Committee, 2012). A 
number of factors have contributed to the overexploitation 
of the natural resources, including insecure and contested 
land tenure, the departure from tribal land ownership to 
private ownership, and the introduction of government 
subsidies for dry season cropping. These trends have 
reduced the incentives for farmers to practice sustainable 
resource management and encouraged overstocking and 
overgrazing of the rangelands (Haddad, 2014).

Traditionally, land management followed the Hima 
(‘community conserved area’) system. Used by the Bedouin 
tribes since ancient times, this grazing system seasonally 
sets aside heavily grazed rangeland for regeneration and 
recovery. Tribes wandered across political borders, migrating 
through Jordan, Syria, Saudi Arabia and areas around 
the Iraqi borders to allow for this regeneration (Ministry of 
Agriculture, 2013). Sites were thus governed and managed 
by a particular village, clan or tribe through consensus rather 
than through legislation or institutional control (Haddad, 
2014; Hima Management Committee, 2012). However, this 
traditional grazing system has declined over the years, and 

Fidaa F. HADDAD, IUCN-Regional Office for West Asia, Amman, Jordan (fida.haddad@iucn.org)
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Bedouins in Jordan now live permanently within 
the country’s borders (Ministry of Agriculture, 
2013). The revival of Hima is seen as a means 
to strengthen local community capacities and 
customary laws, to protect and manage land 
resources for social economic growth and 
conservation of natural resources in the Zarqa 
River Basin (Haddad, 2014). 

Main activities
In collaboration with the Ministry of Agriculture 
and the Arab Women Organization (AWO) in 
Jordan, the IUCN Regional Office for Western 
Asia implemented a four-year project to 
sustainably restore and manage dryland/
rangeland ecosystems in the Zarqa River Basin 
as a Nature-based Solution to address poverty 
reduction and biodiversity protection (IUCN, 
2012g). The objectives of the project included 
securing the rights to private and common 
ecosystem services (with special attention 
to women and vulnerable groups), creating 
economic and income generating options for 
rural communities, and influencing policies at all 
scales (IUCN, 2012a). 

Stakeholder dialogue and a participatory 
management cycle were used to develop 
and implement a series of action plans. 
These approaches brought together national, 
regional and community levels of society to 
determine how to work together to address 
local issues of shared concern. They also 
provided the framework for discussions and 

implementation of outcomes (Local Dry Lands 
Resources, 2012). In this way, the needs of local 
communities were integrated with the objectives 
of the local governorate and natural resources 
ministries, and location-specific, long-term 
land management visions and strategies 
were developed for combating desertification 
(Local Dry Lands Resources, 2012). Through 
this process the Hima system was defined 
as “representing a simple, practical, and 
resourceful approach to […] activate the power 
of change at the local level, and empower 
people to make local initiatives that can help 
themselves and the government to raise their 
living standards and take control of their land 
resources” (Haddad, 2014, p11). Although the 
Hima system is implemented on a smaller scale 
than in the past, this project employs grazing 
plans and designates land to be used solely 
for rangeland management (i.e. not for crop 
production) to mimic traditional practices.

Results
Baseline studies. An environmental economic 
valuation of the rangelands in Jordan was 
conducted to help decision makers implement 
the Hima concept. The total value of natural 
pastures in Jordan was estimated to be 
approximately US$ 192 million and the total 
economic losses incurred between 1990 and 
2011 from grazing-related land degradation 
was calculated to be over US$ 1 billion (IUCN, 
2012b). A baseline study was also conducted 
outlining local resource and land tenure 

Planting native vegetation - Photo credit: IUCN ROWA Processing medicinal herbs - Photo credit: IUCN ROWA
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rights, dryland degradation, legal and policy 
frameworks, and stakeholder and governance 
issues (Badia Research Program, 2011).

Conservation and management. Through 
government approval and the transfer of 
management rights to communities in the 
project area, land was allocated by the 
government as Hima rangelands to the 
communities (Haddad, 2014; IUCN, 2012c; 
2012d; 2012e). Various government and 
community partnerships thus emerged in 
support of sustainable rangeland management. 
For example, in Bani-Hashem community 
an official Tribal Charter was drafted that 
included the restoration of indigenous plants 
(IUNC, 2012g). Another community, named 
Halabat, worked with the Ministry of Tourism 
and Antiquities to revive sustainable rangeland 
management and cultivation practices, and 
livestock grazing (Haddad, 2014; IUCN, 2012d). 

Capacity building. Capacity building 
workshops focused on rangeland strategy 
preparation and management, lobbying 
and negotiating with higher-level decision 
makers, gender mainstreaming, and financial, 
administrative, and communication skills 
development (IUCN, 2012c; IUCN, 2012f). 
Exchange visits between local community 
members and NGOs took place to share 
accomplishments, lessons learned and 
challenges of similar projects in Jordan. In Bani-
Hashem, government ministries trained local 
people to identify indigenous and economically 
beneficial plants and to evaluate land 
restoration, after two years of community-based 
protection (IUCN, 2012d; 2013a). 

Awareness and education. In 2012, the 
Ministry of Agriculture, in collaboration with 
Jordan Television, created a TV programme to 
disseminate the idea of revitalising the Hima 

Key lessons learned
Requirements for participatory approach. A participatory approach was fundamental 
to involving local people in the decision-making process and helping define roles and 
responsibilities of the local community. However, this cannot be achieved unless suitable skills 
are acquired (e.g. negotiation, appreciation of information, acceptance of others, patience, 
understanding of local customs and power relations). Good facilitation skills, as well as trust and 
respect, are required to build links between stakeholders. 

Information sharing. Exchange of information is needed to build capacities in planning and 
implementation of project actions, so that communities are involved in decision making and can 
take the lead. 

Partnerships. Achievement of real and lasting benefits is not something that can easily be 
achieved by one agency operating alone. There is a need for new and innovative partnerships 
including government, civil society, the private sector and donor agencies. A particular emphasis 
on the involvement of community-based organisations allows these groups to have more 
authority and empowerment, and thus a more effective role in the community. 

Conditions for developing economic opportunities. Several challenges must be addressed to 
ensure success of new marketing endeavours, such as the revision of legislation and procedures 
for infrastructure specifications and standards, and the need for marketing and sales skills within 
the local community (IUCN, 2012a).
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system (IUCN, 2012e; IUCN, 2013b). Other 
awareness raising campaigns promoted the 
value of natural resources and the benefits 
of alternative livelihood opportunities (IUCN, 
2012f). Participatory video tools documented 
local messages for decision makers regarding 
challenges and solutions in reviving drylands 
and managing rangelands. 

Income generation. A revolving fund was 
established at two of the sites to offer loans 
for income-generating projects to improve 
community livelihoods (IUCN, 2012e; 2013c). 
Employment opportunities were created for 
Hima participants, as technical veterinarians 
or assistants (IUCN, 2013b). In Bani-Hashem, 
a marketing study identified several micro-
enterprise development opportunities, such as 
in the spice market (IUCN, 2012a). Local women 
were hired to organise the collection, drying 
and packaging of indigenous medicinal herbs, 
providing additional income for their families 
(IUCN, 2013b; IUCN, 2013c). 

Policy initiative. In 2013, the National 
Rangeland Strategy of the Ministry of Agriculture 
was updated to incorporate the Hima concept 
as a basic approach in the governance of 
Jordan’s rangelands (Ministry of Agriculture, 
2013). The strategy was launched in 2014 at the 
Regional Hima Forum under the patronage of 
HRH Prince Hassan. HRH Prince Hassan also 
endorsed the Amman Declaration on Innovating 
Hima for the regional up scaling of the Hima 
system (Al Hima, 2014).
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Costa Rica

Case Study 7
Costa Rica: Securing livelihoods through mangrove conservation and 
restoration 

General background
Mangrove forests in Costa Rica, especially in the Gulf of 
Nicoya, are important ecosystems at local, national and 
global levels because of the many ecosystem services they 
provide. These forests protect the shoreline from erosion, 
support the health of estuarine ecosystems, and provide 
habitat for invertebrate species such as clams and molluscs 
that local women rely on for their livelihoods. Fisheries are 
even more dependent on the health of mangrove forests, 
and more than 6,000 fishers live in the gulf and rely on 
fisheries for their livelihoods (Bluetubetv, 2014). Finally, 
mangrove forests offer large amounts of carbon storage in 
above-ground vegetation and in sediment around mangrove 
roots, and so are important contributors to climate change 
mitigation. Despite these benefits, by the 1960s many of 
Costa Rica’s mangrove forests were degraded as a result 
of their overexploitation for firewood and their conversion 
to salt evaporation and shrimp ponds. Analysis of 2010 
satellite images has shown that approximately 34% of the 
Gulf of Nicoya’s mangroves had been illegally converted 
to these ponds (Venegas-Li et al., 2013). In addition, 
encroachment of agricultural land continues to threaten the 
country’s mangrove forests. 

Main activities
In response to these issues, Conservation International 
began a pilot mangrove restoration project in 2014, as a 
Nature-based Solution to the socio-economic impacts 
of mangrove degradation in two coastal communities 
located on the island of Chira in the Gulf of Nicoya. This 
project consisted of establishing baseline measures and 
assessments of carbon sequestration for policy making, 
replanting of mangrove forests by local stakeholders, 
building local capacity for sustainable use of mangroves 
and livelihood diversification, and creating a local education 
programme.

Baseline measurement of mangroves and carbon 
sequestration. Blue carbon (i.e., carbon stored in 

Marco QUESADA, Conservation International, Arlington, USA (mquesada@conservation.org)
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mangroves, salt tidal marshes and seagrass 
meadows) represents substantial carbon 
storage, not only in the living biomass above- 
and below-ground but also in soil and non-
living biomass such as litter and dead wood. 
The anaerobic conditions of coastal soils 
prevent carbon from being released back into 
the atmosphere and so allow a continuous 
build-up of carbon over time. These coastal 
ecosystems therefore play an important role in 
climate change mitigation (Howard et al., 2014). 
Howard et al. (2014) note that “Blue carbon 
offers the possibility to mobilise additional 
funds and revenue by combining best practices 
in coastal management with climate change 
mitigation goals and needs” (p. 20). To this end, 
blue carbon estimates for the Gulf of Nicoya’s 
mangroves were established in 2014, based on 
methods agreed upon by an international group 
of blue carbon scientists, through the Blue 
Carbon Initiative (Howard et al., 2014). Local 
scientists measured the diameter and height 
of mangroves and all living plant material to 
determine the amount of carbon stored above 
ground. Sediment samples were extracted for 
below-ground measurements. Samples were 
extracted from 120 sampling plots established 

across the Gulf. The results of this research 
were presented to local policy makers to inform 
policy on broader climate change mitigation 
strategies.

Replanting mangrove forests. Mangroves 
in Costa Rica have been protected by law 
since the late 1970s and this legislation has 
reduced, though not eliminated, ecosystem 
degradation. To aid these efforts, Conservation 
International designed and implemented a 
replantation programme during 2014 and 2015, 
utilising the expertise of a botanist to direct 
mangrove restoration. Women from Montero, 
a fishing community on Chira island, were the 
first to agree to implement the programme 
since they realised that the success of their 
husbands’ fishing depended on healthy 
mangrove ecosystems. In addition to replanting 
mangroves, two successful mangrove nurseries 
were established and operated by local 
stakeholders. Few employment opportunities 
exist on the island, and the restoration of 
the mangroves (and subsequent increase in 
biodiversity) has the potential to attract tourists 
as well as the attention of the government who 
could pay for this work. 

A mangrove nursery - Photo credit: Marco Quesada
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Education and capacity building. An 
education programme focusing on mangroves 
and their ecosystem services was launched at 
elementary schools to present the mangroves’ 
value and importance to local children. Children 
from these schools also helped develop the 
previously mentioned mangrove nurseries for 
restoration efforts. Training on marine tourism 
management was provided for potential 
micro-entrepreneurs; this included providing 
information on the birds and other mangrove 
species that exist on the island, as well as 
strategies for managing tourism groups. 

Results
Carbon sequestration. Since the blue carbon 
estimates followed internationally recognised 
scientific methods, these estimates can 
be published and shared with international 
audiences. Carbon stocks at the Gulf of Nicoya 
were estimated for the first time and vary 
between 413 and 1,335 MgC/ha. Conservation 
International has since designed a blue carbon 
project that could use carbon credits to finance 
community development activities and the 
organisation continues to work on the necessary 
policy to implement such a project. 

Mangrove replanting. One year after the start 
of the project, local stakeholders had planted 

more than 8,000 mangrove saplings, which had 
a survival rate of over 90%. This pilot project 
serves as a model for other communities on 
the island, some of which have also started 
replanting mangroves.

Education and capacity building. Children 
are involved in monthly classes on mangrove 
and marine biology. Capacity building of adults 
started with 30 local stakeholders, out of which 
14 finalised the training modules. Six of them 
currently run small businesses related to tourism 
(mangrove tours, food, lodging).

A second stage of the project is currently being 
planned.
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Key lessons learned
Collaboration. The combined knowledge of scientists, local stakeholders and policy makers is 
necessary for feasible and sound projects. Trust and long-term working relationships between 
local stakeholders and outside organisations (in this case Conservation International) facilitates 
community engagement, knowledge sharing, and collaboration.
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is key in project design and implementation to achieve lasting results. 
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this project. 
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Case Study 8
USA: Restoration of wetlands and barrier islands for storm protection in 
the Northern Gulf of Mexico

General background
Hurricane Katrina hit the Louisiana and Mississippi coasts 
in August 2005, causing 1,836 deaths and costing about 
US$ 81 billion worth of damage (Ford, 2014). Although this 
was one of the costliest storms in US history, the northern 
Gulf of Mexico frequently experiences smaller tropical storm 
surges. 

Wetlands and barrier islands play a key role in reducing 
wave energy, and so help protect coastal communities 
from the effects of these storm surges (Barbier et al., 2013; 
Costanza et al., 2008; USACE, 2009). In addition to their 
contribution to risk reduction, wetlands decrease salinity in 
estuarine areas that are important habitat for economically 
valuable species such as oysters, shrimp, and critically 
threatened species such as gulf sturgeon; these wetlands 
therefore support the local fisheries industries in Mississippi 
and Louisiana, which are important economic sources 
for both these states (USACE, 2009). Given the benefits 
provided by wetlands and barrier islands, Louisiana and 
Mississippi have focused on the restoration of these natural 
features in order to protect against future flooding and 
storms. Restoration of wetlands in Jean Lafitte National 
Historic Park and Preserve in Louisiana, and restoration of 
offshore barrier islands in the Gulf Islands National Seashore 
in Mississippi are currently underway. These parks were 
not originally established for storm protection, but rather 
to preserve the rich cultural, historical (e.g. military) and 
natural heritage of the area. However, it became clear after 
Hurricane Katrina that these parks could also act as a 
Nature-based Solution to coastal flooding. Although these 
restoration projects require considerable cost (estimated 
at over US$ 450 million), the expenses incurred are minor 
compared to the huge costs of damage from storm surges 
along this coast.

Main activities
A) Wetland restoration in Jean Lafitte National Historic Park 
and Preserve 
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Canal reclamation. Before this property 
became part of the National Park system, 
canals were dug for oil and gas exploration and 
navigation throughout the Barataria Preserve 
of the Jean Lafitte National Historic Park 
and Preserve (National Park Service, 2009). 
These canals and their associated spoil banks 
contribute to the loss of wetlands in the park 
by altering hydrology, turning marsh into open 
water, restricting water flow above and below 
the marsh surface, causing increased flooding 
and drying of the marsh behind them, and 
creating habitat for exotic species (National Park 
Service, 2009).

In 2009, the National Park Service initiated a 
canal reclamation project to reclaim more than 
20 miles of canals in the Barataria Preserve. 
The objectives of this project were to restore 
the functions, resources and values related 
to hydrology in the park, and to increase the 
resiliency of park ecosystems to subsidence, 
sea-level rise, and storm events (National Park 
Service, 2009). Using floating excavators, 
old spoil banks were pushed into canals and 
invasive trees were felled, while native species 
such as oaks and bald cypress were preserved 
(Biohabitats, 2016). The final elevation of 
the spoil banks was similar to that of the 
surrounding marsh (Biohabitats, 2016; Ford, 
2014).

Removal and control of exotic plant species. 
In addition to removing invasive trees during 
backfilling, about 1,000 hectares of mature and 
growing Chinese tallow (Sapium sebiferum) 
trees were removed by park rangers to allow 
native bald cypress to replace them (Delta 
Dispatches, 2012). Since 2011, the park has 
also employed a suite of approaches to clear 
floating aquatic vegetation from parts of the 
waterways in order to facilitate recreational 
boating and fishing. 

Planting of desired species. In 2011, 
volunteers teamed up with park staff and 
planted more than 700 bald cypress trees 
along the Bayou Segnette Waterway (Delta 
Dispatches, 2012). Cypress trees hold sediment 
within their extensive root systems to prevent 
erosion, and so “play a strong role in the 
protection of the hurricane levee system that 
borders the park and the adjacent human 
communities” (Ford, 2014, p. 146). 

Mississippi River water and sediment 
diversions. The Davis Pond Freshwater 
Diversion Structure, upstream from New 
Orleans, releases fresh river water into the 
Barataria Basin to help regulate salinity and 
sediment load in the Barataria Preserve (Ford, 
2014). This in turn decreases the deterioration 
of the marshes and loss of land around New 

Before and after beach nourishment on Ship Island - Photos credit: Mark Ford
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Orleans, and maintains habitat for commercial 
and recreational fisheries (USACE, n.d.). 

B) Mississippi Coastal Improvements Program 
(MsCIP): Gulf Islands National Seashore 
Restoration
Restoration of Ship Island. Ship Island, part 
of a chain of sandy barrier islands off the 
Mississippi coast, currently exists as two parts 
(East Ship and West Ship) separated by a 
shallow sandbar, Camille Cut (USACE, 2016). 
This splitting of Ship Island (i.e. the creation of 
Camille Cut) was the result of Hurricane Camille 
in 1969. Camille Cut will now be reconfigured 
as a low-level dune system, filled in with sand, 
stabilised with sand fencing and planted with 
native dune vegetation to restore stable dune 
habitat (USACE, 2016). Sand will also be added 
to the east end of East Ship Island to recreate 
Ship Island as a single elongated barrier island. 

Results
A) Wetland restoration in Jean Lafitte National 
Historic Park and Preserve
To date, five miles of canals have been reclaimed, 
more than 700 native trees have been planted 
and invasive species are being removed in Jean 
Lafitte Park. Furthermore, abundant freshwater 
and nutrient input into the preserve from the 
Mississippi River diversion has increased the 
volume and abundance of submerged aquatic 
vegetation, which can decrease wave energy 
(Poirrier et al., 2010). At the same time however, 

an increase of the exotic species, Giant Salvinia, 
throughout the Preserve was also noted which 
may damage the habitat quality for fish and 
wildlife (Poirrier et al., 2010). 

B) Mississippi Coastal Improvements Program 
(MsCIP): Gulf Islands National Seashore 
Restoration
The US Army Corps of Engineers modelled 
storm surge attenuation to determine the 
effectiveness of the restoration of Ship Island. 
Modelling suggests that wave height will be 
reduced in the lee of the island, and surge 
height from major storms at the mainland beach 
will be reduced by as much as 1.25 metres 
(Ford, 2014). Not only will restoration of this 
barrier island provide a first line of defence 
against storm surges, it will also (i) provide 
nesting habitat for threatened and endangered 
sea turtles and over-wintering waterfowl; (ii) help 
maintain salinity levels in the Sound and habitat 
for oysters, fish and crustaceans essential 
for commercial and recreational fishing; and 
(iii) protect historical and cultural sites within 
the Gulf Islands National Seashore (USACE, 
2016). An Environmental Impact Statement for 
restoration of Ship Island was released in 2016 
and planning and implementation are soon to 
follow.
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Key lessons learned
Importance of monitoring. Continued monitoring is necessary to ensure the success of the 
restoration projects. The management of floating aquatic vegetation requires consistent effort 
and monitoring of the extent of this vegetation and the prevalence of invasive species. Without 
regular and repeated effort, physical removal, physical restraint and herbicide treatments are 
effective only for short periods until the vegetation regrows or is reintroduced.

Roles of protected areas. Although parks and protected areas are originally meant for one 
management or conservation objective, they can serve in other capacities as well – in this case, 
as a Nature-based Solution to coastal flooding.
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Case Study 9
Spain: Developing the Barcelona Green Infrastructure and Biodiversity 
Plan

General background
Barcelona is one of the most densely populated European 
cities with about 1.62 million people living in an area of just 
over 100 km2 (Baró et al., 2014). Air pollution has become 
a major concern for residents as the city has regularly 
exceeded the European Union’s limits for average annual 
concentrations of nitrogen dioxide and particulate matter 
over the past decade (Baró et al., 2014). In addition, 
changing land use has reduced the city’s green space and 
biodiversity and limited the connectivity of its natural areas. 
During the past five decades, the city has converted rural 
land to urban use at a rate of about 1,000 hectares per 
year (Marulli & Mallarach, 2005). Rapid urban and industrial 
sprawl in the Barcelona Metropolitan Area, together with 
traffic infrastructure development, has caused habitat and 
landscape fragmentation, resulting in thousands of patches 
of isolated natural areas with minimal ecological function 
(Muarulli & Mallarch, 2005). Furthermore, municipal land-use 
and urban plans often do not consider functional ecological 
processes when incorporating protected natural areas in 
city plans (Marulli & Mallarach, 2005). To address these 
problems of decreased environmental quality within the city, 
the Barcelona Green Infrastructure and Biodiversity Plan 
2020 was developed for city planning and released in 2010. 
The 2020 Barcelona Plan aims to create a city where natural 
heritage and biodiversity are preserved and enhanced, 
where maximum green infrastructure (GI) and connectivity 
are achieved as well as maximum social and environmental 
services from GI, and a city that is more resilient in the face 
of climate change (Ajuntament de Barcelona, 2013).

Restoring and enhancing GI through this plan provides the 
inhabitants of Barcelona with many ecosystem services 
such as air purification, noise reduction, regulation of urban 
climate and temperature, reduction in energy consumption 
and CO2 emissions, water cycle regulation, recreation, 
improvement in mental health and general well-being. 
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Coloma RULL, Tècnica del Programa de Biodiversitat 
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In addition to these benefits to humans, GI 
supports biodiversity, provides habitat for flora 
and fauna, and creates ecological connectivity 
(Ajuntament de Barcelona, 2013; URBES, 2014; 
Baró et al., 2014).

Main activities
An assessment of the city’s existing green 
spaces was conducted prior to developing 
the Green Infrastructure and Biodiversity Plan. 
As of 2010, the city of Barcelona had about 
3,611 hectares of GI covering 35% of city 
land, with one large natural park (Collserola 
Park) accounting for about half of this area 
(Ajuntament de Barcelona, 2013). In the city, 
parks and gardens generally cover small areas 
and there is very little connectivity between 
them. Street trees also make up a large part of 
the GI, there being a total of almost 200,000 
trees (Ajuntament de Barcelona, 2013). These 
trees play an important role in mitigating climate 
change and maintaining air quality; in 2008, it 
was estimated that the city’s trees removed, 
on an annual basis, about 5,000 net tonnes of 
CO2 and more than 305 tonnes of pollutant 
compounds (Ajuntament de Barcelona, 2013).

Barcelona Green Infrastructure and 
Biodiversity Plan 2020. Barcelona City Council 
developed the plan using a participatory 
approach. Several meetings were held in early 
2009 to discuss the assessment of GI in the city, 
agree on long-term challenges and goals, and 

gather proposals on a way forward for enhanced 
biodiversity and GI (Ajuntament de Barcelona, 
2013). Participants included multi-level 
government representatives, researchers and 
social, environmental and private institutions. 
A 2008 citizen opinion survey also determined 
that green areas were associated with health, 
freedom, nature and relaxation and that citizens 
wanted to see more flowers, trees and lawns 
as well as increased cleanliness and security in 
these areas (Ajuntament de Barcelona, 2013). 

A number of different strategies were 
developed to achieve the goals set out in the 
Plan. Examples of these strategies include: 
managing parks, gardens and other green 
spaces to reduce the demand for water, control 
for pests and disease, and use suitable soils; 
improving knowledge of how climate change 
is transforming the environment; developing a 
communication strategy to spread knowledge 
of GI, biodiversity and their values; promoting 
citizen involvement in the creation and 
conservation of green spaces for health and 
enjoyment; and building strong local leadership, 
networks and commitment to conservation of GI 
(Ajuntament de Barcelona, 2013).

Challenges. Implementing the Barcelona Green 
Infrastructure Plan presents several challenges. 
For example, management of the city’s small 
and fragmented green spaces needs to allow 
for heavy use of these areas, given the high 

BioBlitz event in Barcelona - Photo credits: Ajuntament de 
Barcelona 

One of the city’s community gardens - Photo credits: 
Ajuntament de Barcelona
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population density. The urban trees also pose 
several challenges for future management. 
Three predominant tree species account for 
about half of all trees in the area, indicating that 
a pest or disease outbreak could have a major 
impact on GI. Two of these species (Aleppo pine 
and holm oak) are also considered vulnerable 
to climate change. Furthermore, street trees 
often have little space for roots, little organic 
matter and compacted soil with poor structure 
and deficient nutrition. Finally, the tree species 
in the city present problems for those with 
pollen allergies; some 98% of the pollen present 
in Barcelona is of the type that can set off 
respiratory allergies.

Results
To date, the Plan has launched numerous 
education and outreach initiatives as well as GI 
activities. Positive impacts have already been 
seen as a result of these actions.

Education and outreach initiatives. Several 
programmes have been launched to improve 
public knowledge and appreciation of the 
benefits of GI and biodiversity, and the need 
for conservation. Annual gardening workshops 
for families are offered in parks and gardens 
in the city. Schools use parks to learn about 
sustainability through the city’s ‘Come to the 
Parks’ programme (Ajuntament de Barcelona, 
2013). Scientists facilitate exploration of the 
city’s flora and fauna every year through an 
event called “BioBlitzBcn”. The goal of this 
event is to identify and count as many species 
as possible in a specified area (Museu de 
ciències naturals de Barcelona, 2015). During 
the most recent BioBlitz in April 2016, almost 
1,000 scientists, naturalists and volunteers 
identified 249 species at Montjuïc Hill and 
Barcelona’s Botanical Garden (Let It Grow, 
2016).

Key lessons learned
Challenges. It is difficult to balance the intensive use of green space with its maintenance 
and conservation. City officials noted that integrating urban greenery into densely built urban 
environments and obtaining ownership of the required land is challenging (Hansen, 2015). 
Developing green infrastructure is a slow process in a city of Barcelona’s size.

Keys to success. Political support and willingness are essential for implementation to be 
successful (Hansen, 2015). Successful management of biodiversity and ecosystem services 
must be based on multi-scale, multi-sectoral, and multi-stakeholder involvement (Schewenius 
et al., 2014). Regular dialogue with urban policy makers and planners in the research process 
facilitates knowledge transfer (Schewenius et al., 2014). 

Impact of GI. GI strategies at the municipal level have only limited effects on local air quality and 
greenhouse gas emissions offsets, but could complement other policies intended to meet air 
quality and climate change mitigation policy targets. Strong coordination between municipal and 
regional governments dealing with environmental quality and urban planning is needed (Baró et 
al., 2014). 

Public awareness. Citizens need to be aware of the important ecosystems services that green 
infrastructure provides, such as temperature regulation, storm water runoff mitigation, and 
recreational opportunities, to create buy-in and participation in conservation activities (Baró et 
al., 2014).
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GI activities. Many GI initiatives are underway. 
For example, the designation of maintenance 
levels for various green spaces is under review 
to optimize resources and maintenance. More 
resources need to be allocated for maintenance 
instead of regeneration or full renewal of areas 
(Ajuntament de Barcelona, 2013). Controlling 
leaks in pipes, use of groundwater, automated 
irrigation, and the use of plants with lower 
water demands has decreased the pressure on 
drinking water (Ajuntament de Barcelona, 2013). 
Ten thousand tonnes of plant material from 
pruning and maintenance activities have been 
transformed into mulch and compost, which 
are reused in green spaces (Ajuntament de 
Barcelona, 2013). Through the ‘Plan of Vacant 
Urban Plots’ programme launched in 2012, 
NGOs are converting vacant city-owned areas 
to places for GI activities such as gardening 
and urban horticulture to provide spaces for 
recreation, social integration, maintenance of 
cultural heritage and access to food (Ajuntament 
de Barcelona, n.d.).
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Case Study 10
Guatemala and Mexico: Implementing transboundary water governance 
through community ecosystem-based action in the Tacaná watersheds

General background
The watersheds of the Tacaná volcano (including the Coatán 
and Suchiate river basins) are of great strategic importance 
for both Guatemala and Mexico since they supply water to 
the cities located downstream, irrigation water for agriculture 
and, in the lower reaches, fishing. Despite this potential, the 
area is vulnerable to both ecological and political pressures. 
The climate is tropical humid and there is a high occurrence 
of hurricanes as well as volcanic activity. Deforestation and 
degradation of the river banks and upper watersheds has 
exacerbated erosion and flooding and reduced the water 
absorption capacity of the watersheds. The area is also 
exposed to a number of socio-political shortcomings such 
as lack of coordination between the different governmental 
institutions responsible for the area, marginalisation of 
indigenous people, high illiteracy and mortality rates, very 
high population growth, and complex land tenure rights. 

In response to these challenges, IUCN (through its 
Water and Nature Initiative, WANI) and partners set up a 
demonstration water governance project in the Tacaná 
watershed in Guatemala and Mexico. This initiative 
combined pilot livelihood projects and bottom-up integrated 
governance of water resources management. Increased 
collaboration through changes in water governance was 
also an explicit objective of this demonstration project. 
Focusing on a grassroots approach to water management, 
increased knowledge and information, and the improvement 
of environmental health and livelihoods, the Tacaná project 
has demonstrated a way forward in scaling up local-
level initiatives to national-level approaches. The project 
has also shown how a region’s adaptive capacity can be 
strengthened by employing watershed restoration as a 
Nature-based Solution to improve water security and make 
local livelihoods less vulnerable to climate change.

Main activities
The Tacaná watersheds demonstration project was 
developed based on WANI’s main goal – to “mainstream an 
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ecosystem approach into catchment policies, 
planning, and management”. Activities to meet 
this goal as well as the initiative’s core strategic 
objectives were carried out from 2008-2012 
(Smith & Cartin, 2011). 

Ecosystems and livelihoods. Unregulated 
land-use change in the upper watershed had 
been especially damaging on steep hillsides, 
and erosion from deforestation and roaming 
livestock had greatly increased the risk of 
floods and mudslides. As a response, numerous 
community pilot projects were prepared in 
order to address particular water, soil and 
environmental conservation issues. These 
projects were the basis for the self-organisation 
of communities into micro-watershed councils, 
which encompass 10 to 20 communities who 
share water resources in the watersheds of 
tributary streams (Cartin et al., 2012).
 
Knowledge mobilisation. Mobilisation was 
achieved through economic valuation of 
water resources, provision of locally available 
information, and capacity building for learning 
and leadership. For example, in 2008 the 
project’s Living Water Partnership established 
a Payment for Ecosystem Services scheme in 
Guatemala to protect and restore the Tacaná 
watersheds’ natural resources, focusing 
primarily on water. In Mexico, ‘water resource 
virtual libraries’ in municipal town halls now 
provide up-to-date information on water 

resources and the regional environment. These 
libraries are used in awareness-raising and 
educational programmes, and as a means 
of increasing political openness over water 
management at the municipal and state levels. 
Lastly, learning from the pilot projects has 
been incorporated into the University of San 
Carlos’s academic studies in Guatemala. These 
programmes are creating a critical mass of 
trained professionals who will eventually work 
in various institutions and organisations with 
influence on the country’s water resources, 
thereby creating an influential feedback loop.

Self-organisation for improved governance. 
The Tacaná project developed a water planning 
and community management model that 
is inclusive, highly participatory (including 
community and local political authorities) 
and based on strategic collaborations with 
government and NGOs to resolve the more 
complex environmental and social problems. 
In Guatemala, micro-watershed councils 
coordinate the management of shared water 
and land resources and determine how this can 
be integrated with community development. 
Since these councils in Guatemala are inter-
connected, there is potential for their actions 
to include watershed management at different 
scales in future management activities.

Integration and collaboration at local 
to national levels. At the local level in 

Community members tend a seedling nursery - Photo 
credits: Taco Anema

Tacaná watershed - Photo credits: Taco Anema
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Guatemala, collaborations between Community 
Development Committees and coordination 
with Municipal and National Development 
Councils enabled integration of micro-
watershed planning and management with 
community-led action on development. Projects 
developed by communities rather than external 
institutions address the real demands of 
communities, not just institutional goals. At the 
department level in San Marcos, Guatemala, 
an alliance was created between government 
organisations and NGOs to form CORNASAM 
(the Inter-Institutional Coordination for Natural 
Resources and the Environment). At the national 
level in Guatemala, the country’s National 
Micro-Watershed Commission, comprised of 
government ministries and non-governmental 
or inter-governmental organisations, was 
established to lead governance reform through 
country-wide micro-watershed management.

Transboundary governance. WANI and 
partners convened the first bi-national forum 
of mayors to jointly analyse and identify 
environmental problems in the Coatán and 
Suchiate river basins. More generally, a key 
objective of WANI’s involvement in this project 
was to promote and facilitate national and 
transboundary governance approaches, 
specifically through the establishment of codes 
of conduct – a set of shared principles or 
guidelines that will guide the behaviour of a set 
of actors. Two draft Codes of Conduct were 
prepared in 2008 for the Tacaná watersheds 
(Cartin et al., 2012). 

Results
By 2011, a total of 107 activities had been 
implemented in the Tacaná watersheds, 
tackling issues related to conservation and 
environmental restoration, food security, 
income generation and basic social services 
– and cutting across the private, public and 
civil sectors of society (Cartin et al., 2012). 
The micro-watershed model was central to 
the achievement of the project’s objective of 
building the adaptive capacity of the watershed 
and local livelihoods through empowerment of 

community-owned institutions. With support 
from the Tacaná project, communities built 
micro-watershed councils to lead watershed 
restoration and development that met their 
priorities. Some examples of these projects and 
governance work are summarised below. 

Governance work. Governance-related 
outcomes have been seen at the local, national 
and transboundary levels. At the local level 
in Guatemala, CORNASAM adopted the 
micro-watershed as the unit of planning for 
water and the environment, and coordinated 
outreach and training in the micro-watershed 
approach. Micro-watersheds were mapped, 
and a database developed identifying the most 
vulnerable areas. In Mexico, the Cahoacan 
River Basin Commission was created and 
basin municipalities are working to develop risk 
management approaches. At the national level 
in Guatemala, in 2011, the ‘Mi Cuenca’ project, 
operating in conjunction with the Tacaná 
watershed project, organised the Presidential 
Forum on Environment and Development, the 
first such event to be held in the country. In 
Mexico, the implementation of water councils 
as outlined in the new Water Law of 2003 was 
nationally supported. At the transboundary level, 
the ‘Tapachula Declaration of Intent’ was signed 
in 2006 by Mexican and Guatemalan mayors 
to cooperate in joint actions on watershed 
management and to provide a platform for 
information sharing by governmental agencies 
at the very local level. As a result, forest 
conservation actions are now being coordinated 
to prevent and control forest fires. 

Livelihood pilots. Several livelihood projects 
were initiated, covering a wide range of 
activities. These included, for example, the 
development and networking of community 
enterprises and cooperatives, construction 
of septic systems, protection of springs for 
domestic water supply and installation of piped 
distribution, and support for the construction 
of a water treatment plant and advice on water 
recycling in the processing of coffee beans 
to reduce wastewater. Women made up 90% 
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of those implementing the projects, thereby 
empowering them to take a more proactive role 
in the development of their communities – a 
domain that has conventionally been dominated 
by men. 

Drinking water systems rehabilitation 
and disaster preparedness. To rehabilitate, 
reconstruct and redesign drinking water 

systems damaged by Tropical Storm Stan 
in 2005, the Tacaná project facilitated 
communications, damage assessment and 
the organisation of donor coordination. 
WANI coordinated the rehabilitation and 
reconstruction of 72 drinking water systems 
and four small irrigation systems (Cartin et al., 
2012). The devastation caused by this tropical 
storm alerted the authorities and communities 

Key lessons learned
Local governance. Developing local governance and organisational structures benefits and 
complements Integrated Water Resource Management (IWRM) actions. Integrating local 
communities and their social structures into micro-watershed councils led to greater cohesion 
and unity. These councils give members control over their resources and, as more are formed, 
the influence spreads across the basin. Successful local models can be scaled up to national 
level and lead to the formation of national institutions or processes, which can then extend the 
model to other watersheds.

Community engagement. Community-level participation in transboundary water resource 
management is achievable and adds value to conventional transboundary approaches. Planning 
and implementation of IWRM can be successfully shared between communities across 
boundaries.

Collaboration. Strengthening community-based alliances and integrating them with municipal 
and national development institutions increases coordination between administrative levels. This 
promotes integrated and coordinated water resource planning across the watershed and shared 
experiences with other community groups and networks.

Ecosystem approach. Using an ecosystems approach (focusing on environmental restoration 
for livelihood security) to IWRM enables small-scale initiatives to energise communities to self-
organise and enhance their development opportunities. These activities build resilience and 
support livelihoods through restoring ecosystem services.

Livelihood benefits. Poverty reduction and increased livelihood opportunities are major 
concerns at both local and national levels. Combining income generation and environmental 
conservation can be achieved through a variety of options that fully integrate the community. 
Both technical and business training is required in order for pilot projects to be viable and 
sustainable.

Risk management. Developing disaster risk management planning should be integral to 
the overall watershed management planning and not just as an emergency response (as 
demonstrated by Tropical Storm Stan). This ensures that measures to combat risks such as 
climate change are part of integrated water resource planning for the micro-watershed.
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to the area’s vulnerability to climate change 
impacts and the need to increase resilience to 
tropical storms and flooding through improved 
infrastructure and restored ecosystems. 
Disaster preparedness plans and mechanisms 
were therefore developed alongside the drinking 
water systems reconstruction work. 
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Annex 1:	 NbS approaches: 			 
				   definitions and related 	
				   terminologies

Definitions Related terminologies Objectives

Ecological restoration 

The process of assisting the recovery of an 
ecosystem that has been degraded, damaged or 
destroyed (Society for Ecological Restoration, 2004).

Functional restoration, 
habitat restoration, 
intervention ecology, 
mitigation, reclamation, 
reconstruction, 
recovery, reforestation, 
rehabilitation, structural 
restoration, revegetation.

Repair or enhance the structure 
and function of an ecosystem that 
has been impacted by disturbance 
or environmental change (Suding, 
2011). Ecological restoration 
projects have different objectives, 
such as providing habitat for rare 
species; providing a diverse gene 
pool for selected species; provide 
specified natural goods and 
services for social benefit (Society 
for Ecological Restoration, 2004).

The attempt to repair or otherwise enhance the 
structure and function of an ecosystem that has been 
impacted by disturbance or environmental change 
(Suding, 2011).

Ecological engineering

Management of systems of human and 
environmental self-design or light management that 
joins human design and environmental self-design, 
so that they are mutually symbiotic (Odum, 1996).

Nature-based engineering, 
ecosystem engineering 
species, ecological 
engineering, genetic 
engineering, biological 
monitoring, bio-chemical 
engineering, nature 
engineering, eco-
technology

Restore substantially disturbed 
ecosystems by human activities 
(e.g. environmental pollution); 
Develop new sustainable 
ecosystems that have both human 
and ecological values (Mitsch, 
2012).

The design of sustainable ecosystems that integrate 
human society with its natural environment for the 
benefit of both (Mitsch, 2012).

Forest landscape restoration

A planned process that aims to regain ecological 
integrity and enhance human well-being in deforested 
or degraded landscapes (Mansourian et al., 2005).

Forest rehabilitation, forest 
restoration.

Regain ecological functionality 
and enhancing human well-being 
across deforested or degraded 
forest landscapes (Maginnis at al., 
2014).Forest landscape restoration is the long-term process 

of regaining ecological functionality and enhancing 
human well-being across deforested or degraded 
forest landscapes (Maginnis et al., 2014).
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Definitions Related terminologies Objectives

Natural and Green infrastructure

NI is defined as a “strategically planned and 
managed network of natural lands, such as forests 
and wetlands, working landscapes, and other open 
spaces that conserves or enhances ecosystem 
values and functions and provides associated 
benefits to human populations” (Benedict & 
McMahon, 2006).

Ecological infrastructure, 
blue infrastructure.

Promote ecosystem health 
and resilience, contribute to 
biodiversity conservation and 
enhance ecosystem services 
(Naumann et al., 2011).

GI comprises of all natural, semi-natural and artificial 
networks of multifunctional ecological systems 
within, around and between urban areas, at all spatial 
scales. The green infrastructure concept emphasises 
on the quality as well as quantity of urban and peri-
urban green spaces, their multifunctional role, and 
the importance of interconnections between habitats 
(Tzoulas et al., 2007).

An interconnected network of green space that 
conserves natural ecosystem values and functions 
and provides associated benefits to human 
populations (Benedict and McMahon, 2002).

GI is a strategically planned network of natural and 
semi-natural areas with other environmental features 
designed and managed to deliver a wide range of 
ecosystem services. It incorporates green spaces (or 
blue if aquatic ecosystems are concerned) and other 
physical features in terrestrial (including coastal) 
and marine areas. On land, GI is present in rural and 
urban settings (European Commission, 2013).

Ecosystem-based management

Integrated, science-based approach to the 
management of natural resources that aims to 
sustain the health, resilience and diversity of 
ecosystems while allowing for sustainable use by 
humans of the goods and services they provide 
(Kappel et al., 2006; Garcia et al., 2003).

Ecosystem-based 
approach to land 
management, ecosystem 
management, ecosystem-
based fisheries 
management, marine 
ecosystem-based 
management, ecosystem-
based approach to 
(marine and coastal) 
management.

Maintain an ecosystem in a 
healthy, productive and resilient 
condition so that it can provide the 
services humans want and need 
(Leslie & McLeod, 2007).

Ecosystem-based adaptation

The use of biodiversity and ecosystem services as 
part of an overall adaptation strategy to help people 
to adapt to the adverse effects of climate change 
(CBD, 2009).

Ecosystem-based 
approach to adaptation, 
community-based 
adaptation.

Help vulnerable communities 
adapt to climate change through 
good ecosystem management 
practices (Munang et al., 2013).
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Definitions Related terminologies Objectives

Ecosystem-based mitigation

Enhance the benefits for, and avoid negative impacts 
on biodiversity from reducing emissions, taking into 
account the need to ensure the full and effective 
participation of indigenous and local communities 
in relevant policy-making and implementation 
processes, where appropriate. Enhance the 
conservation, sustainable use and restoration of 
marine and coastal habitats that are vulnerable to 
the effects of climate change or which contribute to 
climate-change mitigation (CBD, 2010).

Ecosystem-based 
approach to mitigation

Enhance carbon sequestration and 
maintain existing carbon stocks, 
through the use of ecosystems.

Ecosystem-based disaster risk reduction

The sustainable management, conservation and 
restoration of ecosystems to provide services that 
reduce disaster risk by mitigating hazards and by 
increasing livelihood resilience (Pedrr 2010).

Natural infrastructure 
for risk management, 
Natural infrastructure for 
risk reduction, Nature 
based solutions for DRR, 
Ecosystems for resilience, 
Ecosystem-based disaster 
risk reduction and climate 
change adaptation, 
nature based disaster 
risk reduction, no-regret 
disaster risk reduction.

Proactive risk reduction 
management strategies supplying 
multiple benefits in absence/
presence of disaster.

Climate adaptation services

Benefits to people from increased social ability 
to respond to change, provided by the capacity 
of ecosystems to moderate and adapt to climate 
change and variability (Lavorel et al., 2015).

Adaptation services, 
climate change adaptation 
services.

Complements the ES approach 
and helps people develop choices 
for adaptation to climate change 
(Lavorel et al., 2015).
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Annex 2:	 Linkages and 					  
				   relationships between 	
				   NbS approaches 
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