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Introduction to this REXUS
Framework guide

The Water-Energy-Food-Ecosystems Nexus

Climate change, population dynamics, economic growth and urbanization are putting pressure on
scarce resources (World Economic Forum 2024). These challenges have grown in recent years and interact
in dynamic ways, often amplifying the overall impacts on people and nature. Growing demand for
resources creates trade-offs, which are complicated by the impacts of climate change (world Economic
Forum2024). To address these challenges, it is important to understand the links between the water,
energy and food sectors (Simpsonand Jewitt2019) and recognize that focusing on one sector inisolation
cannot lead to sustainable solutions (Sivakumar 2021). This guide aims to help practitioners consider
boththe challenges and potential solutions across sectors (in this case water, energy and food) and
highlights the important role that ecosystems play - referred to in this document as the Water-En-
ergy-Food-Ecosystems (WEFE) Nexus.

The WEFE Nexus approach is a powerful concept for addressing the interrelationships between re-
source systems (e.g., food, water and energy) and ecosystems (Carmona-Moreno et al.2021). It recognizes

the dependencies and impacts that water, food and energy systems have on each other and on eco-
systems, and the challenges that are presented when they interact. It also highlights the difficulties

of efficiently using and managing natural resources to achieve water, energy and food security and

build resilience across sectors. These are the WEFE Nexus challenges. The WEFE Nexus approach

encourages better coordination and use of natural resources by considering trade-offsand moving
towards synergies between different objectives. However, progress in terms of incorporating Nex-
us thinking into practical policy-making has been slow (Sivakumar2021).

Considering the WEFE Nexus challenges in an integrated manner will help reveal solutions that are
more effective than if the challenges are addressed individually. These solutions can include tradi-
tional ‘grey’ solutions, Nature-based Solutions (NbS), hybrid solutions or changes to regulations
or incentives (often referred to as the enabling environment). A WEFE Nexus strategy — a set of
solutions to address the WEFE Nexus challenges — could use several of these options in combina-
tion.NbS canaddress WEFE Nexus challenges by helping to secure ecosystem service provisionand
enhancing the climate resilience of the whole system.
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The REXUS Project

The REXUS Project' aimed to close the gap between science and policy, moving from ‘Nexus think-
ing’ to ‘Nexus doing’. It has brought together scientific tools and an integrated vision necessary to
analyze real-world conditions, including trade-offs and climate risks. By employing a methodolo-
gy called Participatory Systems Dynamic Modelling (PDSM), it has helped design sustainable and
actionable solutions that increase resilience across sectors. These solutions will form the basis of
forward-looking and participatory decision-making to develop WEFE Nexus strategies.

The REXUS Framework (Figure 1), developed as part of the REXUS project, is designed to help prac-
titioners think about solutions to WEFE Nexus challenges, particularly how NbS can fit into inte-

grated WEFE Nexus strategies. For more information on how wider REXUS activities link to the
REXUS Framework, please see Annex 1.

Figure1
REXUS Framework Infographic

- Step2

stp

What canwe do? (@exvs
L

@ WEFE s chaenges @ Climate change mpacts

@exos

> Evaluate NbS

1 REXUSfinishedin October 2024 but aims to continue supporting the move to ‘Nexus doing’ beyond the duration of the project
throughits outputs.
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BOX 1
REXUS PILOTS

REXUS worked with the following five pilots to understand how NbS can be better inte-
grated into decision-making to address WEFE Nexus challenges:

» Pinios River Basin — Greece.

« Peninsular Territory of Spain.

» Nima River Watershed — Colombia.

« Isonzo/SocaRiver - Italy, Slovenia.

» Lower Danube - Romania, Bulgaria, Serbia.

More information on these pilots can be found on the REXUS website and in the REXUS
Baseline Description document.

As part of this process, the REXUS Framework has been used to help stakeholdersin pilot areas un-
derstand the potential impacts of different solutions on the WEFE Nexus overall. Instead of being
a decision-making tool, it aims to support relevant stakeholders to identify and consider a range of
potentially suitable solutions to their specific WEFE Nexus challenges and increase the resilience of
their solutions. This document guides practitioners through the key steps for doing this.

About this guide

The purpose of this guide

This interactive guide to the REXUS Framework takes practitioners through the steps of the REXUS
Framework to help them select suitable solutions to address their WEFE Nexus challenges. There
is a particular focus on ensuring that Nature-based Solutions (NbS) are considered alongside other
solutions. This guide highlights a range of materials for selecting solutions that can address WEFE
Nexus challenges and enhance resilience to the impacts of climate change. It considers the informa-
tion that will likely be needed and how the various solutions could be assessed in a given context. Ex-
amples of solutions that could be included in an overarching WEFE Nexus strategy are also provided,
both from the wider REXUS project and the associated pilot areas. The guide also discusses starting
points for the next steps (implementation and monitoring) once solutions are identified.

Who is the guide for?

This guide is aimed primarily at practitioners. The guide is designed to help all those involved in the
planning, assessment and stakeholder consultation stages of choosing solutions to includein a strate-
gy toaddress WEFE Nexus challenges. Box 2 provides some potential use-cases forapplying the guide.

@EXUS 13
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BOX 2
USE-CASES

This guide is aimed at technical experts from water, energy, food and ecosystem-related
sectors. This could include technical experts from fisheries agencies, river basin authori-
ties, irrigation authorities, agricultural groups, research institutes, environmental organi-
sations, and energy companies (among others).

The REXUS Framework guide is designed to help technical experts determine how to in-
dentify and select solutions to address challenges across sectors, to promote synergies
and reduce trade-offs. The framework process outlined in this guide specifically ensures
that the potential for NbS to contribute to water, energy, and food security is fully cap-
tured when designing strategies, allowing users to:

1 Understand how NbS can help to address WEFE challenges in the area being considered.

2 Determine how NbS can complement or even be substituted for grey infrastructureand
produce multiple benefits.

3 Compare different solutions (e.g. NbS with grey) to select those that are likely to pro-
duce the most benefits and the fewest trade-offs across the WEFE Nexus.

This process could be applied over a wide range of spatial and temporal scales, including
local, regional, national and global.

EXAMPLE USE CASE
This hypothetical use caseillustrates how technical experts could use the REXUS Frame-
work guide as part of the process to develop a new strategy (in this case through a man-
agement plan) at the river basin scale.

PRIMARY ACTOR/ PRACTITIONER
River basin authority

TECHNICAL EXPERT
Senior water modeller

SCALE
River basin scale

SCENARIO
A river basin authority is due to update its river basin management plan. The authority
needs to ensure sufficient water supply for agriculture to maintain agricultural productiv-
ity,and also meet other water consumption needs. A senior water modelleris trying to un-
derstand what innovative solutions are available, especially in the face of climate change -

@EXUS 14
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and given that current measures (mostly grey infrastructure) are not fit for purpose. They
begin to ask questions such as"Where could water use efficiency beimproved?" and "How
could water supply be increased?"

The senior water modeller thinks that some of the challenges could be improved by collab-
orating with other sectors. For example, theirrigation systemsin placeinlocal agricultural
areas are outdated and inefficient and result in high water loss. They are also aware that
the reservoirs in the area are having to be dredged more frequently, and water quality is
decreasing as a result of increased sediment. They've noticed that this seems to be linked
to vegetation removal in the upper area of the catchment, which has increased in recent
years to supply alocal biomass plant.

They have heard that ‘NbS’ have the potential to increase water retention and reduce ero-
sion,and wonder if NbS might help to manage water into the future. However, they are un-
sure of how NbS compare with traditional solutions that they are more familiar with. They
would therefore like to understand what NbS are, what ‘types’ of NbS have the potential
to secure water resources into the future, and whether they would also have additional
benefits for other sectors.

The modeller uses the REXUS Framework guide to understand which NbS are relevant for
their challenges, how to determine their likely outcomes and how they compare with tra-
ditional solutions, as well as how to incorporate them into an overarching strategy com-
bining different solutions.

@EXUS 15
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This guide is designed to be interactive and to facilitate easy navigation between different sec-
tions. Throughout the guide, examples are provided from the REXUS pilot areas to illustrate how
the REXUS Framework has been applied in practice. More detailed information on the work the
REXUS project has done and some of the methodologies and concepts that could be used as part
of the REXUS Framework are provided in the Annexes. An explanation of the interactive featuresin
this document, and how to use them, is provided below.

Explanation How to useit

Highlighted More informationis provided as a Hover the mouse over/click the

inblue pop-up. feature and a box will appear to the
right of the document

Underlined Link to elsewhere in the document Click the word and the document

word will scroll to the relevant feature

inpurple (e.g.,abox, figure or other section
of the report).

Underlined External link to websites or other Click on the word to be takento an

inblue resources external source of further infor-

mation.

®

This feature provides a ‘tip’
relevant to the section of the
document. This could refer to other
sections or highlight important
things that should be considered at
this stage.

Click on the feature and a blue box
will appear containing the tip.

Additional resources and detailed
methodologies associated with
different sections of the document
are provided in the technical annex.

Click on the feature to go to the
associated resources within the
guide.

P m

Case study examples for each step
of the framework process are pro-
vided from the REXUS project.

Click the feature to navigate to an
example of how the REXUS project
included different steps of the
framework.

qN

REXUS

@

The Return button enables you to
return to the first point in the main
guide where a technical annex s
referenced.

Click on the feature to navigate
back to the section of the main
guide from the technical annex.
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Nature-based Solutions
and multiple benefits

What are Nature-based Solutions?

Nature-based Solutions (NbS) are actions that protect, conserve, restore, sustainably use and
manage nature in a way that helps address social, economic and environmental challenges while
providing multiple benefits (Box 3). These benefits include providing ecosystem services that ben-
efit biodiversity and human well-being. NbS are increasingly recognized in both policy and practice
as an approach that tackles multiple challenges and provides multiple benefits (Cohen-Shacham et al.
2016).

BOX 3
KEY DEFINITIONS

Nature-based Solutions (NbS) are “actions to protect, conserve, restore, sustainably use
and manage natural or modified terrestrial, freshwater, coastal and marine ecosystems
which address social, economic and environmental challenges effectively and adaptively,
while simultaneously providing human well-being, ecosystem services, resilience and bio-
diversity benefits”. (United Nations Environment Assembly 2022)

Ecosystem-based adaptation (EbA) is “the use of biodiversity and ecosystem services as
part of an overall adaptation strategy to help people adapt to the adverse effects of cli-
mate change” (Secretariat of the Convention on Biological Diversity (CBD) 2010) “that takes into account
the multiple social, economic and cultural co-benefits for local communities” (cBD2010).

Ecosystem services are “the contributions of ecosystems to the benefits that are used in
economic and other human activity” (United Nations etal. 2021, p. 27) including the benefits that
contribute to human well-being.

NbS caninclude a variety of activities; for examplei.e., restoring upland forest areas to reduce the
risk of landslides or constructing wetlands to improve water quality (Box 4). They can be usedin
addition to, orin some cases instead of, other solutions.
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BOX 4
CONSTRUCTED WETLANDS AS NBS TO IMPROVE THE ENVIRONMENT
FOR PEOPLE AND NATURE IN ITALY

This NbS project in northern Italy created nine hectares of constructed wetlands - the
Gorla Maggiore water park — on the Olona River between 2011and 2012. It primarily aimed
to reduce water pollution from nearby urban areas. The wetlands successfully improved
water quality and analysis (Liqueteetal.2016) suggests they were more effective than alterna-
tive grey infrastructure solutions, while providing additional benefits. These constructed
wetlands provided multiple ecosystem services by reducing flood risk at a local level and
providing green spaces for nearby city-dwellers. Furthermore, they provide habitat for
wildlife, supporting bird and amphibian populations (Liquete etal.2016).

(Liquete etal.2016)

The multiple benefits of Nature-based Solutions

NbS have the potential to not only address specific challenges, like flooding, (often referred toasa
primary benefit) but to also generate additional benefits (often referred to as co-benefits; Box 5).
In the example of constructed wetlands in Box 4, the primary benefit was increased water quality,

andthe co-benefits were reduced flooding, green spaces and habitat creation. In contrast, the grey
infrastructure solution (a storage tank) might only provide the primary benefit. Therefore, NbS
have huge potential to deliver multiple benefits and achieve synergies with other goals, like biodi-
versity conservation.

As with any solution, it is important to not underestimate the potential for disbenefits and trade-
offs (Box 5). Focusing on delivery of a particular outcome from a solution may mean maximizing
one benefit to the detriment of others. For example, if the focus of a reforestation project is on
maximizing carbon mitigation benefits, tree species may be chosen that sequester large amounts
of carbon (but do not provide many benefits for wildlife or people) over using a mix of location-ap-
propriate species (that sequester less carbon but provide a range of habitats for wildlife and varied
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food sources for local communities) (seddon etal.2021). Both synergies and trade-offs between dif-
ferent outcomes may be inevitable and need to be identified as early as possible when assessing
solutions.

BOX5
TYPES OF BENEFITS

+ Primary benefits from NbS and grey solutions are the positive contributions they make
to achieving the main aim(s) of implementing the solution. For example, if the key pur-
pose of asolutionis toincrease the resilience of coastal communities by reducing coast-
al flood risk, the primary benefit of the solution might be the ‘avoided damages’ result-
ing from the reduction in the frequency or severity of coastal flooding (Le Coent etal.2021).

» Co-benefitsaretheadditional benefits from solutions. Forexample,asolutionthataims
to reduce coastal flooding risk may also lead to an increase in the extent of high-qual-
ity fish spawning areas (a biodiversity benefit). In turn, the increase in fish populations
could support local livelihoods (a socio-economic benefit). Raising awareness of the
multiple benefits and beneficiaries of solutions like NbS can help stakeholders take a
more holistic view and find the set of solutions that best address their challenges and
priorities.

- Disbenefits are negative effects of solutions. They are also referred to as disadvantag-
es or disservices. Disbenefits can be social, environmental or economic. They can be
experienced by the population at large or a specific group of stakeholders. For exam-
ple, growth in property prices in a neighbourhood where NbS were implemented may
benefit homeowners in the area, but could mean renting is less affordable resulting in
social exclusion (Anguelovskietal.2019). Similarly, increasing biodiversity might resultin more
pollen or mosquitoes, having negative consequences for human health ©mmer etal. 2022).
Where there are disbenefits in one part of the Nexus but co-benefits in another, there
can be trade-offs, for example between biodiversity and human health in the example
above.

« Intangible benefits are benefits that are difficult to assign a monetary value to. They
are often linked to human perception. For example, improved mental well-being, rec-
reation opportunities or improved social cohesion are harder to quantify than reduced
flooding. A range of methodologies exists to assess and/or quantify these benefits
(Vitietal.2022).
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sideration and integration of NbSinto strategies that address WEFE Nexus challenges. Although
these steps can be used for all types of solutions, this guide highlights key aspects that are espe-
ciallyimportant forincorporating NbS, drawing on lessons learned in REXUS pilot areas. In this
guide, relevant resources are provided for each step, with detailed methodologies available in the

Annex.
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Stakeholder Engagement

The REXUS Framework (Figure 2) is built on and informed by stakeholder engagement, which was
a core part of the REXUS project. The participatory processes undertaken by REXUS (e.g., stake-
holder meetings, workshops, interviews) played a major role in the successes achieved in the dif-
ferent pilot areas.

Recognizing that the complex challenges that occur across the WEFE Nexus need multidisciplinary
solutions that work across the whole system, the REXUS stakeholder engagement strategy target-
ed actors across sectors. The aim of this approach was to ensure a diverse range of priorities, man-
dates, knowledge, and societal roles were included in discussions. It also encouraged cooperation
and integration of different knowledge from stakeholders and actors that do not normally work
closely with each other, which helped to increase the understanding of WEFE Nexus challenges
from different perspectives. The mutual learning and knowledge exchange that resulted from the
stakeholder engagement helped to reduce conflict and increase support for the decisions made.

Stakeholder engagement under the REXUS project was built on three coreideas:

+ Co-production: WEFE Nexus challenges and candidate solutions were identified and explored
in a collaborative and inclusive manner. This integrated technical and practical knowledge and
perspectives from stakeholders helped develop a comprehensive picture.

+ Cross-fertilization: Knowledge exchange under REXUS was promoted through Learning Action
Alliances (LAAs). LAAs facilitated in person engagement (e.g. through workshops) and online inter-
actions through an online knowledge platform that acts as an information repository for pilot are-
as. Theaim of the LAAs was to favour mutual learning between different actors, including technical
and practical experiences (e.g., good and bad practices) to support the co-creation process.

+ Capacity building: Different knowledge generated through the project was introduced and
demonstrated though workshops and interviews, with the intention of enhancing technical and
institutional capacities for Nexus management.

Guidelines for Stakeholder Engagement: These were developed to describe the stakeholder en-
gagement approach that was developed through REXUS. The approach to implementing the REX-
US Framework was structured around the steps outlined below (see the REXUS Guidelines for
Stakeholder Engagement for further detail and methodologies). All pilots completed all of these
steps, but the participatory activities were adapted in each case:

Preparation phase: Thisincluded a stakeholder mapping exercise to identify the stakeholders to be
invited to join pilot LAAs (see Section 3.2. of the REXUS Guidelines for Stakeholder Engagement).
It also included a kick-off meeting to introduce the project, start to identify and discuss some of
the main WEFE Nexus challenges, and determine how the REXUS project could help to address
some of these challenges in the pilot areas. This links to Step 1of the REXUS Framework (Figure 2).
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Problem identification and framing: This step aimed to gain a deeper understanding of the key
WEFE Nexus challenges for each of the pilot areas, as well as the drivers of these challenges and
connections (synergies and trade-offs) between sectors. This was mostly achieved through stake-
holder interviews (to define the system and its interlinkages) and a workshop during which stake-
holders contributed to a participatory mapping exercise (to further explore challenges, where they
occur (hotspots), drivers, risks and opportunities). Problem identification and framing was key to
informing and ensuring the usefulness of Steps 1and 2 of the REXUS Framework (Figure 2).

Assessment of Nexus solutions and pathways: A participatory scenario exercise was conducted
through a stakeholder workshop. Using a simplified map of the main challenges identified in the
first workshops, stakeholders were asked to identify future trends up to 2050 under a scenario
where no change in the course of action is expected (business-as-usual). Stakeholders were then
asked to develop a sustainable vision that defined and incorporated some key WEFE sectoral goals
to be achieved by 2050. Stakeholders then proposed potential solutions to achieve this vision of
a sustainable future, drawing inspiration from a longlist of solutions provided by the facilitators.
This helps to inform the identification of viable solutions in Step 2 and understand what impacts
areimportant to evaluate in Step 3 of the REXUS Framework (Figure 2).

Validation and action plan: During this step, the proposed solutions were refined and an action
plan was developed. A further stakeholder workshop was conducted to validate the action plan
with the selected solutions to address WEFE Nexus challenges in pilot areas. This links with Step 4
of the REXUS Framework (Figure 2).

Some general principles of effective stakeholder engagement that informed the REXUS project

and that should be integrated into decision-making processes on WEFE Nexus challenges are pro-
videdin Box 6.
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BOX 6
GOOD PRACTICE PRINCIPLES FOR ENSURING EQUITABLE ENGAGEMENT
OF STAKEHOLDERS AND RIGHTSHOLDERS IN THE DESIGN OF NbS

Effective stakeholder engagement is underpinned by an understanding of who the stake-
holders are and the relationships between them, such as their decision-making roles and
status. Stakeholder engagement can provide important input, context and feedback for
different activities, including by:

 Incorporating Indigenous and local knowledge that is critical to understand
the challenges and to identify and assess / validate solutions.

» Helping gather data (e.g., historical climate data), particularly where information
for specific areas may not be available or registered in official records.

» Providing qualitative information, such as perceptions of environmental challenges
and climate risks in the local area.

» Contributing to participatory monitoring to ensure stakeholders are informed
as well as motivated to invest in and implement solutions.

» Providing information on local prices and costs associated with planning
and implementing solutions.

 Incorporating a broad range of perspectivesin and improving the transparency
of decisions.

» Agreeing on the methods to evaluate solutions and validate expected impacts
of the solutions.

Consultation processes can also be an opportunity to share information (and dispel mis-
information) on NbS, build trust and help develop a common understanding of the chal-
lenges and opportunities.

Any consultation process (e.g., workshops, interviews or surveys) should be represent-
ative of all local stakeholder groups, with particular attention to ensuring the equitable
participation of groups who may typically be underrepresented in public consultations
such as women, elders, youth and migrants, as locally relevant. This is important for en-
suring that the knowledge, needs and perspectives of the whole community are takeninto
account when identifying solutions. To ensure equitable participation of these groups in
consultations, it may be necessary to identify and appropriately accommodate different
practical and social needs that are key to participation. This may include considerations

@EXUS

GLOSSARY,
REFERENCES
AND ANNEXES

23



o o— INTRODUCTION IDENTIFY CHALLENGES, 1 IDENTIFY 2 EVALUATE 3 SELECT 4 NEXT STEPS: GLOSSARY,
o m— RISKS, VULNERABILITIES SOLUTIONS SOLUTIONS SOLUTIONS AND IMPLEMENT AND REFERENCES
o — AND OPPORTUNITIES DESIGN STRATEGIES MONITOR SOLUTIONS AND ANNEXES

around the timing and location of meetings, accommodating accessibility and/or lan-
guage requirements, having an awareness of power imbalances between participants and
adapting the format of engagement accordingly, and so on.

Stakeholder consultations in which vulnerable groups are well-represented and able to
contribute will support more accurate assessment of the potential social impacts of the
proposed solutions, helping to prioritize actions, needs and expectations. Throughout
the process of stakeholder consultation, both decision-makers and stakeholders gain in-
sights into the system and its performance under different solutions, including how some
solutions can address multiple challenges.

The Guidance for using the IUCN Global Standard for Nature-based Solutions (international
Union for Conservation of Nature 2020) highlights the importance of stakeholder engagement under
Criterion 5:NbS are based oninclusive, transparent and empowering governance processes.
According to the criterion, the following should be in place:

C-5.1 Adefined and fully agreed upon feedback and grievance resolution mechanism
is available to all stakeholders before an NbS intervention is initiated.

C-5.2 Participation is based on mutual respect and equality, regardless of gender, age
or social status, and upholds the right of Indigenous Peoples to Free, Prior and In-
formed Consent (FPIC).

C-5.3 Stakeholders who are directly and indirectly affected by the NbS have been identi-
fied and involved in all processes of the NbS intervention.

C-5.4 Decision-making processes documentand respond to the rights andinterests of all
participating and affected stakeholders.

C-5.5 Where the scale of the NbS extends beyond jurisdictional boundaries, mechanisms

are established to enable joint decision-making of the stakeholders in the affected
jurisdictions.

Further resources:

BiodivERsA Stakeholder Engagement handbook — provides best practice guidelines for
stakeholder engagementin research projects.

Stakeholder Engagement Guide for Nature-based Solutions - provides guidelines for ef-
fective stakeholder engagement for NbS projects.
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Real Deal - A community of Europeans who are taking action to build a new model of en-
vironemtal citizenship for Europe.

BOX7
LINKS TO OTHER FRAMEWORKS

The REXUS Framework is designed to be complementary to other processes and frame-
works that might be used to help identify solutions to WEFE Nexus challenges. How-
ever, unlike frameworks that focus on specific elements of the Nexus (like water),
the REXUS Framework aims to consider challenges and solutions across the WEFE Nexus.

The aim is for the REXUS Framework to be aligned with other processes and to be used
to support and enhance them. Unlike some other sector specific frameworks, the REXUS
Framework focuses on promoting the consideration of NbS through cross-sectoral di-
alogue to address WEFE challenges in an integrated way. The steps of the REXUS Frame-
work are closely linked to other frameworks and so can be used in conjunction with other
processes. For example, many of the activities in Step 1of the REXUS Framework (Figure 2)
link closely with the early scoping phases of different planning processes, including those

listed below.

» The World Business Council for » The World Bank provides an eight-step
Sustainable Development (WBCSD) implementation framework
developed their ‘NbS Blueprint’ (wscsp for nature- based flood protection
2024) with six stages to ‘Build a business (World Bank 2017):
case for NbS”

1 Defining problem, scope and

1 |dentifying key challenges and objectives;
opportunities; 2 Developing financial strategy;

2 Exploring NbS relevant to challenges 3 Ecosystem, hazard and risk
and opportunities; assessments;

3 Collectinginformation on benefits and 4 Nature-based risk management strategy;
trade-offs; 5 Costs, benefit and effectiveness

4 Developinganinitial design; analysis;

5 Costestimation; 6 Selecting and designing intervention;

6 Cost-benefitanalysis across other 7 Implementing and constructing;
solutions. 8 Monitoring.
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» The Connecting Nature Framework
(Holscheretal.2022) defines three phases

- Planning, Delivery and Stewardship

- with seven elements - technical solu-
tions; governance; financing and busi-
ness models; nature-based enterprises;
co-production; impact assessment; and
reflexive monitoring — each with their
own steps.

The United Nations Office for Disaster
Risk Reduction (UNDRR) provides
atoolbox forintegrating NbS into
disaster and climate risk management

(United Nations Office for Disaster Risk Reduction and
United Nations University - Institute for Environment
and Human Security 2023).

They provide five tools for five steps in
planning for NbS:

identifying and mapping country
context;

summarizing the status of NbS

inthe country;

identifying suitable measures;
identifying stakeholders;

creating opportunities for NbS
inintegrated planning.
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STEP1 @

Identify challenges, risks,
vulnerabilities and opportunities

Inception & Situation Analysis

Identify challenges, risks, vulnerabilities & opportunities across sectors

11 Identify WEFE Nexus challenges

1.2 Analyze current and future challenges

1.3 Define priority challenges and goals

When to use this step

This step will help answer the following questions:

« What are the dependencies on nature (e.g., what ecosystem services do people particularly
dependon)?

« What are the relevant WEFE Nexus challenges (e.g., ecosystem degradation from pollution,
climate change etc.)? How serious are they?

« Whataretherisksthat these challenges pose? How are they interlinked?

« How vulnerable are the areas that provide the ecosystem services that people depend on?
What are the pressures on those areas (e.g., pollution)?

Many of the activities described in this step relate to the early stages of a ‘situation analysis’.
A situation analysis helps to understand the current and likely future WEFE Nexus challeng-
es, information that is fundamental to building a strategy that considers the context for Na-
ture-based Solutions (NbS). This is often referred to as the ‘inception phase’. This step aims to
understand the WEFE Nexus challenges that need to be addressed.

TOOLS, APPROACHES AND EXPERIENCES FROM REXUS

CASE STUDY 1 CASE STUDY 2
Participatory mapping of challenges Fit-for-Nexus climate projections

and ecosystem services across the WEFE
Nexus system
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11 Identifying WEFE Nexus challenges

Individuals, communities, businesses and governments (including in the water, food and energy
sectors) depend on nature. They also often have a negative impact on it. The scale of that impact
affects the services provided by ecosystems. Damaging the landscapes that provide clean water,
pollination and other ecosystem services causes significant problems in the present and future.
Therefore, WEFE Nexus challenges are not just about the state of nature but also the impacts and
dependencies on nature. These need to be understood to demonstrate how solutions, and particu-
larly NbS, can help address multiple challenges.

Part of the process of identifying challenges is to find relevant data. Data can both help support

the assessment phase and answer some of the initial questions around what the WEFE Nexus chal-

lenges are. Information may be available from a variety of sources, including National Adaptation

Plans (NAPs) and the agencies developing them. In many cases, at least some data will be available

that can feed into the process. Existing data can be used, and/or supplemented with new data. At

this stage, consider:

« Making an inventory of available data and numerical models (e.g., biophysical, economic, and
others) of the study area that include information on the ecosystems.

» Collecting additional data that can support the NbS evaluation, both technical and socio-eco-
nomic datais relevantin this.

+ ldentifying potential gaps in data that will be needed for decision-making.

Considering the multiple impacts and dependencies is particularly important within a landscape,
where there might be multiple pressures from different sectors or activities. For example, a hy-
drological study may indicate that a river can support irrigation of eight nearby fields, so eight ex-
tractionlicenses areissued. However, if that analysis does not consider how the resulting reduction
in flow could impact the amount of power that a nearby hydropower plant can generate, it could
cause energy problems for people, communities and businesses in the area. Reduced flow could
also have adverse impacts on aquatic biodiversity. For example, the hydropower dam might block
migration routes of fish which could reduce successful reproduction of fish populations and reduce
yields from fisheries.

The specific combination of WEFE Nexus challenges facing a particular area will be unique. How-
ever, some challenges may be relevant across different areas. By working with pilots, REXUS has
identified alist of categories of WEFE Nexus challenges that can be ahelpful starting point (Table
1). Understanding the WEFE Nexus challenges in a given context requires stakeholder engage-
ment. See Case Study 1for how one of the REXUS project pilots identified WEFE Nexus challeng-
esintheirarea.
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Table1
| Example categories of WEFE Nexus challenges identified by REXUS

WEFE Nexus Challenges

WATER

Ensuring resilience to floods

Ensuring resilience to droughts

Dealing with poor chemical water quality

Dealing with sedimentation and erosion

Ensuring water availability

Providing water for agriculture
ENERGY

Ensuring energy efficiency

Ensuring energy generation

Ensuring energy access / security
FOOD

Maintaining agricultural production
ECOSYSTEMS

Conserving and protecting ecosystems

Restoring ecosystems
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CASE STUDY 1 é
Participatory mapping

of challenges and ecosystem
services across the WEFE

Nexus system

Participatory mapping was used in the REXUS project to identify challenges, risks, vulnerabilities
and opportunities within the pilot areas. To do this, REXUS partners carried out scoping interviews
with stakeholders to understand threats, as well as ecosystem services that are important to peo-
ple. The answers were used to create materials for a participatory mapping exercise, such as 'to-
kens' for different ecosystem services and infrastructure. At stakeholder workshops, people were
then asked to use these materials to show on a map the areas that were important for the WEFE

Nexus.

Participants were provided with a map of the pilot area that included indicative resources, econom-
ic activities, technologies and infrastructures. They were asked to explore how well the elements
onthe map represented their understanding of natural resources, land use, ecosystem services and
socio-economic activitiesand to add missing elements to the map. They were also asked to identify
pressures, their locations and why they areimportant.

This exercise was combined with the co-design of a Causal Loop Diagram (CLD) (see Case Study 5
for more information) where participants were asked to identify: the most important pressures
in the pilot area; the resources and other elements that these pressures are impacting; the drivers
behind the pressures; and the way different pressures are interconnected.

At the end of this exercise, participants were asked to identify the main WEFE Nexus challenges.
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1.2 Analyze and assess current and future challenges

Decision-making to improve the performance of the WEFE Nexus in relation to specific objectives
should be based on a good understanding of the system, including quantitative data about the cur-
rent and future challenges. Once key WEFE Nexus challenges have been identified, deeper analysis
and assessment will help understand the scale of the challenge (e.g., where flooding happens, how
frequently flooding happens and why flooding happens) now and in the future.

The type of analysis will depend on a number of factors, including:

+ thetimeand fundingavailable.

» thescaleof theassessment (e.g., in relation to the boundaries of the natural resources system,
the socio-economic system, the administrative and institutional systems).

» thetime period of analysis (e.g., decadal, annual, seasonal - noting that different sectors within
the WEFE Nexus plan with different time horizons).

» theassumptions concerning external factors (e.g., climate change, socio-economic change
or political change).

Current challenges

Itis useful to know the current situation or ‘state’ of the area and the factors influencing it, such as
environmental conditions, infrastructure, resource demand and ecosystem service provision. This
requires a base case analysis, which can be supported by modelling tools to help quantify the prob-
lem. The analysis should consider three systems and their interactions:

1 The natural system is bounded by the climate and geophysical conditions (including hazards,
grey infrastructure and ecosystem services). An ecosystem baseline assessment could be done
tounderstand the type and location of natural and semi-natural assets (e.g., aquatic ecosystemes,
forest habitats, (proposed) protected areas or natural infrastructure), the ecosystem services
currently provided by these assets, and whether these assets are threatened by climate change
and natural hazards,among other things.

2 The socio-economic system is formed by the demographic, social and economic conditions of
the economy (for instance, ways in which demands on natural resources may change). An analy-
sis could study the current and future demand for ecosystem services under different scenarios,
including developments that threaten ecosystems such as mining, land conversion, proposed de-
velopments and encroachment.

3 The administrative and institutional system is formed and bounded by legal, regulatory or insti-
tutional constraints on natural resources management, including WEFE cross-sectoral plans. An
analysis could consider the governance constraints and enablers for managing, protecting and
restoring ecosystems.
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The interactions between these systems in the base case analysis can be analyzed by setting up
ecosystem functioning models that incorporate socio-economic pressures on ecosystems (Poff
2018). Where possible, these can then be integrated with other physical and economic models to
understand the broader picture (Mendozaetal.2018).

Future challenges

Itisimportanttoalso considerthe vulnerability that ecosystems —andthe people whorely onthem
- have to future changes in multiple systems, including climate change, demographic change and
shifting settlement patterns. While there may not be a particular WEFE Nexus challengeinan area
now, challenges may arise in the future. Strategies to address WEFE Nexus challenges should take
climate change into account - in terms of how it could exacerbate existing challenges, how it could
result in new ones and how it could impact the effectiveness of solutions implemented now (i.e.,
will the solutions be resilient to climate change?).

An important part of the planning process to develop a robust and resilient suite of solutions is
to include and address expected future WEFE Nexus challenges, i.e., define storylines or scenari-
os on how the future might develop. Such storylines should consider socio-economic change (e.g.,
population growth changes, economic growth, urbanization, land-use change, migration, political
developments and transboundary issues), environmental developments (e.g., climate change im-
pacts, including changes in weather and sea level rise) and policy developments (e.g., new policies
and changed priorities).

The analysis that describes the future performance of the system under present policies and reg-
ulations is the reference case analysis, often known as the ‘business as usual scenario’. Future de-
velopment under the reference case can be quantified or visualized using the same modelling tools
applied for the base case analysis.

Assessing climate change vulnerabilities may have already been done through the NAP process. The
associated climate risk assessments may help identify key vulnerabilities in a given context. Mod-
elling, stakeholder consultation and other approaches are likely to be needed to understand the
challenges at different scales.

See Case Study 2 for how DRAXIS, one of the REXUS partners, analyzed climate change scenarios
indifferent REXUS pilot areas.
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CASE STUDY 2

Fit-for-Nexus
climate projections

Background

The Pinios river basin is located in central Greece, covering an area of approximately 11,000km?. It
is one of the most productive regions for agriculture in Greece. 90% of total water consumptionin
the basinis used toirrigate crops. The river basin is already experiencing challenges with achieving
sufficient water supply to meet irrigation needs and other water demands, such as maintaining
environmental flows in rivers. Periods of drought mean that productive land is threatened by de-
sertification, whichis reducing agricultural production.

As part of the REXUS project, partners DRAXIS analyzed climate change projections under dif-
ferent scenarios for the river basin. This was to determine how key climatic variables are likely to
change into the future under different conditions, in order to assess how this is likely to impact re-
source security, exacerbate existing challenges and present emerging challenges in the region.

Approach and methodology

The analysis used Global Climate Models and Regional Climate Models to examine climate varia-
blesincluding mean temperature, precipitation and potential evapotranspiration. The analysis was
done for a reference period 1986-2005 and a future period 2031-2090. For future conditions, a
business-as-usual scenario was developed using a high-emissions scenario (the Intergovernmental
Panel on Climate Change’s Representative Concentration Pathway 8.5 (RCP8.5)) and a mitigation
scenario (RCP4.5). The modelled outputs provide climate conditions under the reference period
and for the two future scenarios.

Results

The maps below show climate conditions in the Pinios river basin for the reference period and under
two future scenarios (Figure CS2-1). Mean temperature is predicted to increase for the mitigation
scenario (RCP4.5) and business-as-usual scenario (RCP8.5). Increases in mean temperature are not
evenly spatially distributed. The maximum mean temperatures for the mitigation scenario are similar
to the reference period (16-18°C) but occur over a much larger area. However, the mean minimum
temperature is predicted to increase by up to 10°C in the business-as-usual scenario (Table CS2-1).
Mean annual precipitation for the period 2031 to 2090 is projected to decrease in both the busi-
ness-as-usual and the mitigation scenarios. The most significant decrease is predicted in the north-
ern parts of the basin. Under both future scenarios, increasing future trends in daily mean potential
evapotranspiration are projectedin all months for the period 2031-2090, in comparison to the refer-
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ence period. The largest increase in potential evapotranspiration compared to the reference period
is observed during the months of May, June and July, with approximately +11% relative change. Maxi-
mum daily potential evapotranspiration under the RCP4.5. scenario is 4.5mm but only occurs over a
small area. Whereas, in the RCP8.5 scenario, this maximum mean occurs over a larger area.

Figure CS2-1
Mean annual temperature, precipitation and evapotranspiration under reference, mitigation

and business-as-usual scenarios
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Conclusion and relevance to WEFE Nexus

This modelling exercise helped to understand how current challenges will likely be exacerbated un-
der climate change. Overall, conditions in the Pinios River Basin are likely to become warmer and
drier, with some areas more severely affected than others.

The results show that temperatures are likely to get higher, precipitation is likely to get lower and
evapotranspiration will likely increase. This means that water will become increasingly scarce. This
demonstrates theincreasing need for solutions that canincrease efficiency of water usein order to
maintain agricultural production, whilst ensuring other water needs in an increasingly water scarce
region.

Table CS2-1
Mean temperature and mean annual precipitation under a mitigation scenario (RCP4.5)

and a business-as-usual scenario (RCP8.5) in the Pinios River basin, Greece.

Mitigation scenario (RCP4.5) Business-as-usual scenario (RCP8.5)

2031-2050 2070-2090 2031-2050 2070-2090
Mean 1.3°C (+9%) 219C (+15%) 1.6°C (+11%) 49C (+29%)
temperature o e R o e * -
Mean annual

-7mm (-1%) 27 mm (-4%) -17mm (-3%) -78mm (-12%)

precipitation
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1.3 Defining priority challenges and goals

Once the WEFE Nexus challenges have been identified and analyzed (i.e., the base case and refer-
ence case analyses), goals can be formulated and prioritized to help select the right solutions (in
Step 2). These goals are what the solutions need to achieve to address the WEFE Nexus challenges
identified.

Where possible, this prioritization should consider the synergies and trade-offs arising from the
impacts of multiple challenges across the WEFE Nexus. Fundamentally, these objectives are likely
to focuson:

1 securing and improving ecosystem services related to water, energy and food.
2 building climate resilience and contributing to climate adaptation.
3 harnessing NbS to improve human health and well-being.

There can be primary and secondary objectives. While a primary objective might be maintaining
or increasing key ecosystem services and their resilience to climate change, secondary objectives

may include other benefits. To facilitate the evaluation of all candidate solutions within a proposed

WEFE Nexus strategy, one primary and several secondary objectives should be identified. NbS can

have a greater ability than grey solutions to address more than one objective and to provide multi-
ple benefits (seddonetal.2020). Once the WEFE Nexus challenges are understood and prioritized, the

solutions to those challenges can be explored. This is discussed in more detail in Step 2.
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STEP 2 @
Identify solutions

2 ldentify Nature-based Solutions

2.1 Explore (Nature-based) Solutions
2.2 Match Nature-based Solutions to priorities and goals

2.3 Screensolutions

When to use this step
This step will help answer the following questions:

« Whattypes of Nature-based Solutions (NbS) exist?
« What types of NbS can address the WEFE Nexus challenges identified?
« Which of these NbS are suitable for the area of interest?

This step focuses onidentifying candidate NbS to be considered, but it should be seen as part of
the process to create a longlist of solutions (which would include grey and hybrid solutions as
well as NbS) for more detailed assessment and consultation.

TOOLS, APPROACHES AND EXPERIENCES FROM REXUS

CASE STUDY 3
Participatory identification of solutions to incorporate NbS

into the Jucar River Basin, Spain

@EXUS 37



INTRODUCTION IDENTIFY CHALLENGES, 1 IDENTIFY 2 EVALUATE 3 SELECT 4 NEXTSTEPS: GLOSSARY,
RISKS, VULNERABILITIES SOLUTIONS SOLUTIONS SOLUTIONS AND IMPLEMENT AND REFERENCES
AND OPPORTUNITIES DESIGN STRATEGIES MONITOR SOLUTIONS AND ANNEXES

21 Explore (Nature-based) Solutions

Oncethe WEFE Nexus challenges areidentified and prioritized, a broad range of potential solutions
can be explored. This could include grey solutions, NbS or hybrid solutions. Not all solutions are
related to direct implementation on the ground. There might also be governance solutions, where
new institutional or financial arrangements provide incentives for new ways of working.

The solutions considered should include measures and interventions from relevant policy docu-
ments (e.g., legislation, strategies, action plans etc.) and the solutions proposed by stakeholders
in participatory processes (e.g., workshops and interviews), as well as additional solutions based
on quantitative analysis and literature sources. Including clear references to existing policy docu-
mentsisimportant because it shows how the solutions proposed link to and support the measures
andinterventions that have already received political and stakeholder backing (i.e. policies will only
be putin place after they have gone through the relevant processes and been approved by the rel-
evant authorities).

Information on a range of different solutions can be found in various resources, including:

+ The WaterLOUPE platform’s information catalogue by Deltares provides an overview of pre-
dominantly grey solutions and governance solutions related specifically to water scarcity.

» The PreventionWeb Knowledge Base from the United Nations Office for Disaster Risk Reduc:
tion (UNDRR) contains publications and resources from around the world on disaster risk reduc-
tionandresilience.

+ The Framework for Ecosystem Restoration Monitoring (FERM) from the Food and Agricultural
Organization of the United Nations (FAO) provides a registry of restoration projects around the
world.

» The Water, Energy & Food Security Resource Platform Knowledge Hub by GIZ provides case
studies of both grey solutions and NbS from around the world on the Water-Energy-Food Nexus.

« TheGlobalHunger Index provides case studies for multiple countries of initiatives to reduce food
insecurity.

2.2 Match Nature-based Solutions to priorities and goals

The next stepis to identify which solution or solutions best meet the identified priorities and goals.
Given the wider experience and knowledge of how other solutions can do this, this section specifi-
cally focuses on NbS. The aim is to identify several NbS that could help address the identified prop-
ertiesandgoals. These NbS can be added to alonglist of candidate solutions (that alsoincludes grey
and hybrid solutions) to support the development of a strategy.

Animportant part of this process is to map the prioritized challenges against the ecosystem servic-
es that will help address them. Table 2 below provides some examples of this.
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Table2

Example ecosystem services associated with the WEFE Nexus challenges

WEFE Nexus Challenge Example ecosystem services

to be provided by solutions?

Ensuring resilience to floods, ensuring Water provisioning; water flow regulation;
resilience to drought, ensuring water natural hazard protection
availability, providing water for agriculture

Dealing with poor chemical water quality, Water purification
dealing with sedimentation and erosion

Maintaining agricultural production Food provisioning; life cycle maintenance;
climate regulation

Ensuring energy efficiency, Energy source; climate regulation
ensuring energy generation

Soil quality and degradation Erosion regulation; water purification
Conserving and protecting ecosystems, Life cycle maintenance; recreation
restoring ecosystems andtourism

BOX 8

REXUS CATALOGUE AND AIRNDS (developed/ led by Deltares)

To support the identification of candidate solutions, the REXUS project has developed
AirNbS3. This is a digital platform developed to support the process of identifying NbS
that are relevant to specific WEFE challenges. The platform includes a catalogue of NbS

2 Thereareanumber of different ways that ecosystem services can be classified. Table 2 draws on work done under REXUS (D3.10
- Reporton Socioeconomic indicators for Nexus analysis and management) available here.

3 TheAirNbS platformisinspired by the well-known AirB&B, which provides a user-friendly interface for travellers to select
suitable accommodation based on various criteria such as location, required facilities and price. In a similar style, following smart

combinations of criteria defined by the users, AirNbS aids in selecting individual solutions. https://airnbs.netlify.app/rexus
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relevant to supporting WEFE Nexus objectives. Users are able to filter NbS by key WEFE
Nexus challenges, ecosystems, spatial and temporal scale and degree of intervention,
based on a roadmap that identifies the key aspects to consider when identifying relevant
NDBS (Restrepo & Barci 2022). For each solution, it provides a brief description, the geographic
scales of implementation, the degree of intervention, the potential impacts on select-
ed ecosystem services, an example case study and relevant references. For more infor-
mation on how relevant NbS were identified through linking key ecosystem services to
WEFE challenges see the NbS roadmap.

The AirNbS platform can help with identifying candidate solutions for the local context
and Nexus problem analysis. This is an interactive guide that helps users to increase their
understanding of NbS options and to identify candidate solutions for their specific con-
text. It also enables stakeholder engagement. AirNbS does not identify a final solution,
but it can help users to scope candidate NbS. AirNbS was used to identify NbS that could
help to address WEFE challenges that fed into the participatory process of Assessing the
Nexus solutions and pathways (see the ‘Stakeholder Engagement’ section).

Other catalogues of NbS include:

» The Nature-based Solutions Initiative (NbSI) Case Study Platform.

» Network Nature Case Study Map.

» Oppla Case Study Finder.
+ ThePanorama Solutions database.

\

The next step is to identify which of the priority challenges NbS would respond to. Box 8 provides
some resources that can be used to explore potential NbS to support the identified ecosystem ser-
vices. Figure 3 shows an example of how primary and secondary objectives can be distinguished
for a given NbS option and WEFE Nexus challenge. Understanding the problem (WEFE Nexus chal-
lenge) and the interconnected WEFE system (first column, for example within the water sector or
between water and food sectors) will allow stakeholders to propose NbS options (second column,
forexample a single intervention or a set of interventions).

Measuring the multiple benefits of solutions can be challenging. While some contributions of a
solution to various objectives can be measured (e.g., the number of jobs or increase in wages of
local communities), others (e.g., the contribution to human health and well-being) can be more dif-
ficult to quantify. For example, an urban wetland might increase opportunities for recreation but
measuring changes in the well-being of local residents is challenging. Assessing the potential for
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trade-offs is even more challenging. If the new urban wetland is not managed correctly, it could in-
crease the risk of vector-borne disease for local communities and therefore decrease their health.
This raises the challenge of how to balance the positive well-being impacts from greater recrea-
tional opportunities with the negative health impacts of an increase in vector-borne diseases. De-
spite the challenges in assessing the different potential outcomes and their interactions, trade-
offsand unintended consequences should be considered, at least qualitatively, for all solutions.

Figure3
Examples of primary and secondary objectives for a particular NbS

WHAT IS THE PROBLEM WHAT OPTIONS COULD WHAT IS IMPERATIVE WHAT OTHER ASSOCIATE

/CHALLENGE? BE CONSIDERED? TO TACKLE WITH TECHNICAL CO-BENEFITS
THE SOLUTION? COULD THE SOLUTION
BRING?

WEFE Nexus Candidate NbS Primary Secondary
Challenge option(s) objective(s) objectives
;. Within the water Oneintervention: Protect against floods/ + Improvewater
w sector: Expected Floodplain restoration reduce overall flood quality
increaseinflood and management risk by increasing flood - .
. » Increasebiodiversity
hazards, and poorriver controland water/ Rk
K R and habitats
status retention functionson P
X availability
floodplains along the
river + Improvenatural
landscape (recreation
potential)
N Water and Food: Set of interventions: « Reduceoverall « Increasebiodiversity
ﬁ Expectedincreased . flood risk habitats
« Floodplain
flood hazards, poor .
. restorationand « Increaseand » Improvenatural
river status, poor supply . .
oL management ensure consistent landscape (recreation
of water forirrigation. L .
availability of water potential)
« Meadowsand R
foragriculture .
pastures for flood + Improve soil
storage « Improve soil capacity conditions to provide
toretain water resilience during
« Increased water .
L andreduceirrigation drought
retentioninthe q
needs
landscapetoreduce « Contribute
runoff attenuation tocarbon

sequestration
« Reneweddrip 4

irrigation systems
and change of crops

« Regenerative
farming practices
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2.3 Screen candidate solutions

GLOSSARY,
REFERENCES
AND ANNEXES

Once solutions have been identified, prioritization within the set of candidate solutions is needed.
Aninventory of all potentially relevant solutions may resultin a large set of possible NbS, grey and
hybrid solutions, depending on the size and complexity of the area and system concerned. In most
cases it will not be practical to analyze all candidate solutions in detail. Therefore, a screening pro-
cessis needed to select the most promising solutions that should be further analyzed and used for
strategy design. This screening process considers the specificities of individual contexts. A tiered
expert judgement approach is recommended for the screening process, in which general screen-
ing criteria are applied (Figure 4). A key part of this process is consulting with stakeholders on the
longlist. The screening process will result in a set of the most promising solutions that can then be
further used in the design of strategies. See Case Study 3 for an example of how a REXUS pilot im-
plemented a participatory screening process.

Figure 4

General screening criteria for screening the longlist of solutions

EFFECTIVENESS

COMPATIBILITY

MINIMIZATION
OF TRADE-OFFS

LEGITIMACY

SUSTAINABILITY

@EXUS

Solutions solve the most serious challenges and have the highest
impacts on the management objectives

Solutions have higher benefits at lower costs

Solutions are compatible with the geography and available space

Solutions are compatible with existing sectoral plans

Solutions do not meet objectives at the expense of other possible
implicit objectives

Solutions do notrely on uncertain legal and/or institutional changes

Solutions at least do not degrade the environmental
and socio-economic conditions for future generations
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CASESTUDY 3

Participatory identification

of solutions to incorporate NbS
into the Jucar River Basin, Spain

Background

Spain is characterized by relatively water-rich regions in the north and arid regions in the south.
There are high demands for water irrigation and significant nuclear and hydroelectric power pro-
duction. The Jucar River basin is situated in the South-East Mediterranean coastal area, covering
approximately 42,735km?2. 80% of its land area is used for agriculture. The region suffers from
drought, salinization, floods, erosion, conflicts over water resources, ground water pollution and
overexploitation of aquifers.

Approach and methodology

The challenges prioritized by stakeholders formed the basis for developing thelist of candidate solu-
tions. Toidentify relevant NbS, each challenge was associated with the key ecosystem services that
would need to be enhanced by it. Based on the identified challenges and ecosystem services, the
AirNbS platform was used to identify potentially relevant NbS and examine their potential co-ben-
efits as well as the overall range of WEFE Nexus challenges that they could be used to address.

Results

The potential and relevance of the candidate NbS were further assessed through examining policy
documents associated with the Jucar basin context, as well as in relation to leverage points iden-
tified for each WEFE Nexus challenge using Causal Loop Diagrams (CLDs) that were elaborated
through discussions with stakeholders (Table CS3-1). Leverage points are places within a complex
system where a small shiftin one thing can produce big changes at the system scale (Egerer et al.2021).

NbS were integrated into a list of other relevant solutions identified using Causal Loop Diagram
(CLD) analysis. A causal loop diagram is essentially a flow diagram that captures how elements of
a system interrelate. It does this by showing the cause-and-effect linkages and feedback loops be-
tween different parts of the system (sterman 2000). Solutions cards (Figure 8) with information for
each solution were produced for stakeholders.

The cards included generalized scores related to the impacts different solutions would likely have
on the water, energy, food and ecosystem aspects of the system. Stakeholders used the cardsin a
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workshop to select and group solutions, developing a sustainable vision for the future. The out-
come of the workshop were solutions and strategies that were considered favourably by stake-
holders. Templates for the solutions cards are provided in Annex 2.

Table CS3-1

Prioritized challenges, associated ecosystem services and leverage points

in the Jucar River Basin.

WEFE Nexus challenge
identified by stakeholders

Soil degradation
and desertification

Associated Ecosystem Leverage point
Services (which would need
to be enhanced to address

the challenge) according to

AirNbS
Food provision Territory control, Farmers’
Erosion prevention environmental awareness,

Sustainable agricultural
practices, Forested and
natural soil coverage

Unauthorized groundwater
abstraction

Regulation of water flows Farmers’ environmental
awareness, Farmers’ technical
capacity, Institutional
Cooperation and Reputation,
Territory control, Sustainable
agricultural practices

Albufera wetland state Water provision Water volume allocated to
Water purification and the wetland, Protecting water
waste treatment quality

Jucar river baseflow Water provision Farmers’ environmental
Water purification and awareness, Farmers’ technical
waste treatment capacity, Institutional
Regulation of water flows Cooperationand Reputation,

@EXUS

Territory control, Sustainable
agricultural practices
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SOLUTION TOKEN

Can beusedtoidentify on
a map where that solution
could be used.

Solutions Card |Buffer Strips for water
infiltration and slowing surface flow

Description
Strips of native vegetation (bushes or trees) at the

margin of fields, arable land, roads and water courses
provide good conditions for effective water infiltration.
They can also slow surface flow and reduce theamount
of suspended solids e.g. from agricultural runoff.

e Buffer Strips for
levance
(-10/+1++) o * *

water infiltration
and slowing
surface flow

4

NEXUS DIMENSION RELEVANCE
Inthe context of the challenges
identified by stakeholders.

POTENTIAL TO ADDRESS
CHALLENGES

Which of the identified

ECOSYSTEM
SERVICES ENHANCED

Which ecosystems
the solution can
help to enhance
(depending on
context).

@EXUS

challenges the solution
could potentially help
address.

Potential to address challenges

desertifiation

svaton |

[ 7 [ Z I~ T 7 |
LR LB

INDICATION OF COST, TIME AND BIODIVERSITY BENEFIT

What could be the scale of costs associated with the solution?
How long would it take for the benefits to be realised post
implementation? Would the solution have benefits for wildlife?
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STEP3 @

Evaluate solutions

3  Evaluate Nature-based Solutions

3.31 Enabling environment
3.3.2 Technical effectiveness
3.3.3 Economicfeasibility
3.3.4 Social outcomes

3.3.5 Environmental outcomes

— EVALUATION CATEGORIES i

When to use this step
This step will help to answer the following questions:

» Whatenabling conditions arein place that support NbS use and what are the opportunities
tofillany gaps?

« Which of the five evaluation categories (enabling environment, technical effectiveness,
economic feasibility, social outcomes and environmental outcomes) and associated criteria
are most relevant to evaluate the outcome of solutions for specific WEFE objectives?

« How effective are the candidate solutions at addressing the identified WEFE Nexus challenges?

« Whatare thelikely social,economic and environmental outcomes of the solutions,
and which are most relevant?

As with other sections of this guide, Step 3 focuses on evaluating NbS. However, similar evalua-
tion processes are needed for all solutions. Assessing the potential outcomes (both positive and
negative) of solutions helps determine the degree to which they can meet objectives across Nex-
us sectors (and beyond). For example, does one solution have a large positive outcome for wa-
ter, but little impact on food sector issues and a minor negative outcome for ecosystems, while
another solution has a small but positive outcome for all WEFE sectors? This evaluation process
helps to select and prioritize the solutions to include in the overarching strategy in Step 4.

@EXUS
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TOOLS, APPROACHES AND EXPERIENCES FROM REXUS

CASE STUDY 4
Evaluating the technical effectiveness and economic benefits of forest conservation
andrestoration through ecosystem service modelling in the Nima River basin (Colombia)

3.1 Defining the purpose of the evaluation

The purpose of evaluating solutions may vary depending on the stage of planning that the evalu-
ationitis informing (e.g., pre-concept, pre-feasibility, feasibility or design). Defining the purpose
of the evaluation is key to understanding the level of detail required and which evaluation criteria
should be included. More detail is likely to be required for the design stages than earlier stages in
the planning process.

Potential purposes of evaluationinclude:

1 Assessing the potential of the enabling environment to support solutions. Assessing the policy
andinstitutional context, especially for NbS, helps to understand whatisin place to supportthe
implementation of certain solutions. This process can help identify ways to increase the likeli-
hood of NbS uptake - for example by highlighting subsidies that could apply to NbS and/or link-
ing NbS activities to wider policy priorities. The enabling environment includes the level of tech-
nical skills, capacity and knowledge available to implement different solutions and incorporate
NbS (e.g., Are there organisations in the area with experience of implementing NbS?).

2 Gauging whether candidate solutions will achieve their intended objectives. Assessing the tech-
nical effectiveness and adequacy of solutions helps to select individual solutions. For example, if
the coreaimof the strategyistoreducetheextent of floodinginanarea, what contribution could
asolutionmaketothataiminagivenareaofinterest? Andwhat otherchallengesintheareacould
that solution help address? Itis unlikely that a single solution will solve all the WEFE challenges in
an area, so these insights are key to inform the development of a strategy that effectively com-
binesdifferent solutions (e.g., green, grey or hybrid). Asit can take along time for the full benefits
of NbS to materialise, itisimportant to take these time horizons into account.

3 Understanding synergies and trade-offs. Individual solutions can contribute to objectives in
more than one sector and, in some cases, combining solutions can provide even more benefits
(synergies. In contrast, a solution that meets one or more objectives may have negative impacts
onanothersectororobjective (trade-offs). Theideal strategy would be choosing solution(s) that
provide the most positive outcomes across sectors and minimise trade-offs.
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4 Assessing the economic viability of solutions. Comparing solutions by completing a cost-benefit
analysis in monetary terms can help to build the ‘business case’ for NbS - highlighting econom-
ic incentives to consider NbS and encouraging investment across sectors. Efforts to assess the
economic viability of solutions should consider not only the cost of implementing the solutions,
but the monetary and nonmonetary benefits that a solution could bring. Many of the ecosystem
services that solutions could provide, have monetary value, both within Nexus sectors (such as
reduced costs for water treatment) and beyond (such asincreased revenue from tourism). These
should be included as far possible. Although other benefits, such as recreational opportunities
for local communities, are more difficult to value in monetary terms they can still have econom-
ic importance and should be included in the assessment. Including these values in a cost-bene-
fit analysis of all solutions is important, but it is particularly key when trying to understand the
cost-effectiveness of NbS compared to alternatives.

5 Raising awareness and engaging stakeholders. Stakeholders may not be familiar with the variety
of solutions available or the evidence for the contribution they can make to addressing societal
challenges. This evaluation phase can be agoodopportunity tointroduce NbS and their potential

®

benefits to stakeholders involved in developing strategies.

3.2 Defining criteria and indicators

Each candidate solution needs to be assessed based on agreed evaluation criteria related to the
priority challenges and goals identified in Section 1.3. For example, if ensuring water availability
for agriculture has been identified as a priority WEFE Nexus challenge, solutions may be assessed
against their potential to support ecosystem services such as water provisioning or water flow reg-
ulation. In this case, water availability could be used as a criterion (see Annex 4 for more examples).
The most appropriate criteria to compare solutions should be agreed upon. Ideally, these criteria
should be agreed with a broad range of stakeholders to ensure their requirements are considered.

Once appropriate criteria have been selected, related indicators are needed to assess the like-
ly outcomes of solutions (e.g., through modelling) and measure their performance. For instance,
the change in water availability resulting from a solution could be measured using indicators such
as surface water availability (level, volume) and ground water recharge rate (m3/ha per year). It is
these set of indicators that will help assess the technical effectiveness of the solutions being con-
sidered. Box 9 provides some useful considerations when defining indicators.
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BOX9
CONSIDERATIONS WHEN DEFINING INDICATORS

When defining specific indicators for assessing the technical effectiveness of NbS, it is
suggested that indicators are based on the intended and achievable objectives of NbS.
Factors such as the the type and features of the NbS are important considerations. Addi-
tional considerations when defining indicators include:

» Anticipating whether the data needed for quantifying specific indicators are or will
become available and at what spatial and temporal scale.

+ Includingindicators that address co-benefits and trade-offs due to changes
inthe physical, social and environmental outcomes.

» Considering the availability of the skills, funds and other resources to use an indicator
-andaccurately interpret the results - are available. While some indicators may be very
useful to evaluate the impacts of NbS options, they may be too complex to use
inevery case.

(Kumar etal.2021)

3.3 Choosing methods and performing the evaluation

The methodology used for evaluating solutions is largely determined by the evaluation categories
and the associated indicators that are chosen. The complexity and detail of the methodology will

be decided based on the resources available (time, data, capacity, etc.) and the level of detail re-
quired from the assessment so that the results can adequately inform the planning of solutions.

Within this guide, five categories are included for evaluating solutions:

1

The enabling environment.

The technical effectiveness of solutions.
The economic feasibility of solutions.
The social outcomes.

The environmental outcomes. @
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Although in principle the evaluation categories listed above can be conducted in any order, some
types of evaluation may depend on information from another category. For example, a biophys-
ical assessment of technical effectiveness is likely to be needed in order to assess the economic
impacts of a solution. Thereis no single ‘correct’ way to evaluate solutions. The approach depends
onthe context and decision-making needs. It will also depend on the purpose of the evaluation (see
Section 3.2) and the objective(s) for each solution. Evaluations should be as holistic as possible.
Therefore, in an ideal world, they should include a range of evaluation criteria that consider envi-
ronmental, social and economic feasibility and outcomes. The level of detail of the evaluation will
depend on the availability of data, time and other resources (such as expertise). It will also depend
on the purpose of the assessment. For example, it may be most useful to do a simple evaluation on
alarger number of solutions but apply a detailed assessment for only a few. More detailed informa-
tion on the assessment approaches can be found under each of the five categories.

Once the most appropriate methods, criteria and indicators have been selected, relevant data
should be collected, and the analysis should be performed. Case Study 4 gives an example of how
technical effectiveness and economic benefits were evaluated in one of the REXUS pilot areas, the
Nima River watershed, Colombia.

Thefollowing sections provide more detail on methods that could be used foreach of the five evaluation
categories. Information is provided on suggested methodologies for measuring different outcomes of
solutions (focusingon NbS) and their datarequirements.Inaddition, supplementary resources on broad
evaluation approaches are provided below and at the end of each section for the different categories.

Resources: Evaluating Solutions

+ Evaluating the Impact of Nature-Based Solutions: A Handbook for Practitioners — provides de-

cisionmakers with indicators and methodologies to assess the impacts of NbS across 12 societal
challenges areas.

« A Framework for Assessing the Effectiveness of Ecosystem-Based Approaches to Adaptation -

outlines a question-based framework developed to qualitatively assess EbA effectiveness.

« A Guide to Eco-DRR Practices for Sustainable Community Development — Using Potential Ma

of Ecosystem Conservation/Restoration to Promote Eco-DRR - provides information and
methods that can be used to promote Eco-DRR.

« Assessing the Benefits and Costs of Nature-Based Solutions for Climate Resilience: A Guideline
for Project Developers - guides the design, implementation, and use of studies to value the ben-
efits and costs of NbS.

» The Blue Guide to Coastal Resilience: Protecting coastal communities through Nature-based
Solutions - provides DRR planners with step-by-step guidance for implementing various NbS in
coastal areas.
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« Implementing nature-based flood protection: Principles and implementation guidance - pro-

vides principles and implementation guidance for planning NbS for flood risk management.

» Words into Action: Nature-based Solutions for Disaster Risk Reduction - provides guidelines for
the suggested steps forimplementing a feasible, people centred approach in line with the Sendai
Framework.

+ Principles for just and equitable Nature-based Solutions — examines the issues that must be ad-
dressed to help ensure that the design, governance andimplementation of NbS are just and equitable.

« Voluntary guidelines for the design and effective implementation of ecosystem-based ap-

roaches to climate change adaptation and disaster risk reduction — provides guidelines for
practitioners and implementers for operationalizing EbA and Eco-DRR at the programme and

project level.

« Handbook for the Implementation of Nature-based Solutions for Water Security: Guidelines for

designing an implementation and financing arrangement — a guide to the development of invest-
able and bankable NbS projects through different modes of governance, funding and implemen-

tationarrangements.

« Impact Assessment Guidebook - provides guidance for developing monitoring and evaluation
plans for NbS.

+ Nature-based Solutions Triple Win Toolkit - offers guidance to achieve a ‘triple win’ to enhance
biodiversity, address climate change, and reduce poverty, through NbS in the context of Official
Development Assistance spend.

« Powering Nature: Creating the Conditions to Enable Nature-Based Solutions - provides a sys-
tematic enabling framework to effectively implement, scale up and mainstream NbS.

« Nature-based Solutions (NbS) Policy Tracker: An Al Approach to Policy-making for Enablin
NbS Worldwide - a global database of public policies that facilitate the delivery of NbS

+ Guidelines for Integrating Ecosystem-based Adaptation into National Adaptation Plans - aims
to support and motivate countries to adopt EbA as part of their National Adaptation Plans

(NAPs).

+ Guide to Cost-Benefit Analysis of Investment Projects — offers practical guidance on project ap-
praisals, providing common principles and rules for the application of the cost-benefit analysis

approach.
« Summary for policymakers from the IPBES about the methodological assessment for multiple

values of nature and its benefits — provides different methods to value nature and demonstrates
how these methods have been used.
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CASE STUDY 4

Evaluating the technical
effectiveness and economic
benefits of forest conservation
and restoration through
ecosystem service modelling

in the Nima River basin (Colombia)

In the Nima river Watershed, Colombia, the restoration and conservation of forests through a
Payments for Ecosystem Services (PES) scheme was identified as a key NbS to address relevant
WEFE challenges. This NbS has the potential to regulate water flows (moderating both flood and
drought), support water purification (reducing water pollution), support water provisioning and
supportfood provisioning.

Anevaluation of the potential for forest conservationandrestoration to produce these benefits was
done through ecosystem services modelling using the Integrated Valuation of Ecosystem Services
and Tradeoffs (InVEST) modelling suite. The purpose of the evaluation was primarily to generate
awareness and interest in biodiversity and ecosystem services among stakeholders. It also aimed to
demonstrate the importance of key threatened ecosystems in supporting the sustainable use and
management of resources and potentially to support fund raising for the proposed strategies.

Scenarios were defined for a ‘Business as Usual scenario (BAU)" and an ‘NbS scenario’. The BAU
scenario assumed current landcover, whereas the NbS Scenario involved widespread forest con-
servation and restoration (Figure CS4-1).

Biophysical estimates of the ecosystem services provided by forest ecosystems were established
for both the BAU and the NbS scenario. The difference between these scenarios gives the estimat-
ed change in the quantity of ecosystem services due to forest restoration and conservation.

The biophysical impact on ecosystem services from NbS was calculated for water flow regulation,

water purification, water provisioning and food provisioning services. An economic value was then
associated with these services.
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Figure CS4-1
Land cover for the a) BAU and b) NbS scenarios used in ecosystem services modelling
to estimate the quantity and economic value of different ecosystem services

in the Nimariver watershed, Colombia

a) BAU Scenario b) NbS Scenario

o e Legend
Bl Uiban areas Mosaic of pastures with natural spaces Matural grassland
B Infrastructure Mosaic of crops and natural spaces Shrubland
Permanent herbaceous crops [l Dense forest I Transitional shrub
Pastures B Open forest 00 Sparsely vegetated arsas
Mosaic of crops I Fragmented forest I wster bodies
0 3 8 12 IMosaic of pastures and crops I Riparian forest —— Rivers and streams
N Mosaic of crops, pastures and Forest plantation
el natural spaces o

Results indicated that forest restoration and conservation would be beneficial for water flow reg-
ulation, with an increase of 2.86%. This amounted to an estimated economic value of over € 6.5
million per yearinterms of the replacement cost for flood protection (replacing with a similar asset
for flood protection under the current market price) (Table CS4-1).

For water purification services, nitrogen export was shown to decrease under the NbS scenario by
4.7%. This resulted in estimated savings of over € 265 thousand per year from avoided costs due
to nitrogen removal.

Water provisioning increased marginally, by only 0.01%. On the other hand, food provisioning de-

creased slightly by 0.79% under the NbS scenario due to removal of land from production, which
resulted in a decrease of over € 3.2 million in value from food produced.
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Table CS4-1
Estimated impact of ecosystem services through the implementation of forest conservation
and restoration in the Nima River watershed

Ecosystem Service Biophysical ES

quantity impact

% change EconomicES
between BAU valuation (€)

NbS - BAU) and NbS scenario

(NbS - BAU)

Water flow regulation

(m?retained/year) 233,143 +2.86 +11,391,088.2

W.ater purification 1,690 +1.6°C (+11%) +265,779.97

(nitrogen export (kg/year))

Water provmonlng 14,385 o B

(m3available/year)

Food provisioning (tonnes 37438 079 5199370

of food/year)

TOTAL +8,463,673.93 €
/year
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3.3.1 Enabling environment

Assessing the policy and institutional context for solutions is important no matter what type of
solution is being considered. However, there are additional specific challenges and considerations
for NbS implementation (Pérez- Cirera, Cornelius and Zapata2021). These challenges can include socio-cultur-
al barriers to NbS uptake, such as the lack of recognition of the land rights of Indigenous peoples
andlocal communities.

Institutional barriers to the implementation and scaling-up of NbS include misalignment of policy
frameworks between sectors and often limited capacity for governments to effectively implement
and monitor NbS.

Economic barriers also affect the potential for scaling up the use of NbS. For example:

+ Alackof private and public funding for NbS.

» Alack of standard metrics to measure the social and environmental performance of NbS
reduces willingness to invest.

«  Widedistribution of multiple benefits among stakeholders leading to indirect or limited
revenue streams.

Relevant policies are also key enabling factors for NbS. NbS need to fit within existing planning
and investment decision-making processes. However, there are not many NbS-specific policies
because it is a relatively new concept. Nevertheless, there may be opportunities to mainstream
NbS into policies that are not NbS-specific, and to remove (unintentional) disincentives for NbS
from existing policies (e.g., consider whether funding for flood mitigation policy unintentionally ex-
cludes NbS options). Assessing the enabling conditions for NbS helps to understand which factors
could supporttheimplementation of NbS and identify potential ways to increase uptake.

Aspects to consider

The key dimensions proposed to assess the enabling environment for developing, implementing
and scaling NbS are:

» Governance: Good governance across the many policy areas and authorities involved
inthe deployment and financing of NbS.

« Supportive policies: Policies with the potential to accelerate NbS uptake, including sectoral
policies, and appropriate regulatory requirements (regulations and technical standards) that

have a powerful influence on the feasibility of using NbS for addressing societal challenges.

+ Policy goals: The potential of NbS options to support the achievement of policy goals,
even when they are not recognizedin the policy.
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+ Technical capacity: The skills and knowledge needed to identify and implement NbS.

+ Funding and financing mechanisms: Financing instruments and standardized financing models
to make NbS attractive for potential funders and to increase their uptake.

« NbS management: Effective management of NbS, including mechanisms in place for ongoing
monitoring, evaluation and adaptive management where needed.

Each dimension will have different evaluation criteria and related indicators.
a Forafulllist of suggested criteria and indicators under each dimension,
seethetemplatein Annex 3.

Methods: assessing the enabling environment

One proposed approach for assessing the enabling environment for NbS is multi-criteria analysis
(MCA). The suggested steps for MCA are:

1 Selectcriteria, indicators and sub-indicators for the assessment. Validate these with relevant
stakeholdersin consultation workshops.

2 Collect and review relevant documentation of policies, instruments and governance structures
for the assessment.

3 Define weights (from O to 100%) for each criterion and indicator according to its relative
importance. Validate the weights with relevant stakeholders in consultation workshops.

4 Score each (sub) indicator on a scale from O (absence) to 3 (presence/compliance).
Present, discuss and validate the scores with relevant stakeholders in consultation workshops.

5 Runthe MCA to produce a prioritization of solutions.

Table 3 provides an example MCA results template for the NbS management dimension. A full tem-
plate thatincludes all dimensions, criteria, indicators and suggested weights can be found in Annex
3.
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Table3
Example results from an enabling environment evaluation and its overall interpretation

WEIGHT SCORE

NbS Management 0'75

CRITERION NbS monitoring 50% 0.5
INDICATOR Monitoring and evaluation strategy 50% 3
Adaptive NbS intervention management 50% 0
CRITERION NbS safeguards 50% 1
INDICATOR NbS safeguard system 50% 3
Risk strategy 50% 3

INTERPRETATION The management dimension is highly present and effectively

supports NbS establishment. To make the environment more suitable,
monitoring can be improved mainly in terms of planning and using
iterative learning process that enables adaptive management

of an NbS intervention throughoutits lifecycle.

3.3.2 Technical effectiveness

Technical effectiveness is the extent to which proposed solutions address the identified WEFE
Nexus challenges and the (primary and secondary) objectives defined for the study area. Assessing
technical effectiveness is key to understanding whether a solution is appropriate for the setting
and whether and to what extent it will meet the solution’s objectives.

Determining the technical effectiveness of NbS is generally harder than it is for traditional solu-
tions because ecosystems are complex and there are longer timescales involved (GIZ et al. 2020).
Although NbS may be less effective in the short term, they are more affordable and adaptive while
delivering multiple benefits in the long-term (The Nature Based Solutions Initiative 2018).
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Key criteria and indicators to assess the technical effectiveness of a solution can be determined
based on its defined objectives (see Table 4). For example, if the defined objective is to reduce
overall flood risk, one of the criteria could be to increase water retention, and a relevant indicator

could be the groundwater recharge rate in mm/ha per year. Modelling could be used to estimate

the groundwater recharge rate as a result of a solution being implemented in the first instance. For
further examples of criteria and indicators identified within the REXUS project related to different

WEFE challenges see Annex 4.

Table 4

Example indicators to measure the technical effectiveness of floodplain restoration

and management for flood risk reduction, disaggregated by the primary and secondary

objectives of the solution

NbS option Floodplain restoration and management

PRIMARY

Objectives Criteria Indicators Source

Protectagricultural Flood exposure/
lands against damage
floods/Reduce

overall flood risk by
improving water flow
regulation

Number of people
adversely affected
by floodinginthe
project’sinfluence
areaperyear

European Commission 2021

Flood magnitude

% of the peak flow
reduction

Sunetal.2020

Water retention

@EXUS

Floodplain water
storage volume

Jakubinsky etal. 2021

Effective retention
volume

Jakubinsky etal., 2021

Groundwater
recharge rate
(mm/ha per year)

Righettietal.2022
Jakubinsky etal., 2021
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€4 Table4 | Exampleindicatorsto measure the technical effectiveness of floodplain restoration and management
for floodrisk reduction, disaggregated by the primary and secondary objectives of the solution

NbS option Floodplain restoration and management

SECONDARY
Objectives Criteria Indicators Source
Improve Surface water/ Water quality European Comission 2021
water quality ground water measured by Jakubinskyetal.2021
quality total suspended

solids content

(mg/L)

Water quality index

Total nitrogen and

total phosphorus

removed

from water
Increase Biodiversity Presence of Jakubinsky etal., 2021
biodiversity threatened species Sunetal, 2020
habitats European Commission 2021

Species richness

In addition to its benefits for the primary objective, the solution could create co-benefits that ad-
dress other WEFE Nexus challenges. For example, upper catchment restoration (e.g., restoring for-
est areas upstream so that more soil and silt is ‘held’ in place by the roots and other below ground
structures of vegetation) could fulfil its primary objective of reducing soil erosion and decreasing
sedimentation of reservoirs. At the same time this NbS could reduce water pollution (because
the trees and other vegetation will intercept rainfall and help ‘filter’ it) and therefore improve the
chemical status of rivers. Inturn, this would have benefits for aquatic biodiversity, including species
linked to livelihoods. Considering the multiple benefits that a solution could achieveis necessary to
maximize the potential of NbS to address WEFE Nexus challenges. While this is also the case for
other solutions, options like grey infrastructure often have fewer ‘additional’ benefits to consider.
For example, a sea wall to reduce coastal flood risk might be used by local communities for recre-
ation, but it is unlikely to offer significant additional habitat for wildlife and won’t absorb carbon.
On the other hand, restoring a coral reef may help reduce coastal flood risk while also providing
recreational benefits, habitat for wildlife, ongoing support for livelihoods like fishing and tourism
and arange of other benefits.
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Itis also critical to integrate the inevitable degree of uncertainty around future conditions into the
evaluation process, becauseit could affect the choice of solution(s) and the potential trade-offs. For
example, in a context where temperatures are projected to rise significantly with climate change,
what does that mean for how well a solution performs? For grey infrastructure, that increasein heat
may mean that the materialsitis built from warp or crack, meaning it can no longer fulfil its function.
For NbS, it may mean that wildfires become more common in restored forest areas . In both cases,
this will reduce the effectiveness of the solution. As natural systems, NbS often have much more
potential to adapt to climate related changes than grey infrastructure, but the (lack of) resilience
should be assessed for any solution considered. This will ensure that the solutions selected are re-
silient to future (climate) changes, remaining effective and increasing resilience across the WEFE
Nexusinthe longer term. Itis thereforeimportant to make use of climate projections to understand
the exposure of the solution(s) chosen to climate impacts and consult experts, review literature
and/or commission modelling studies to understand the likely implications of these impacts for the
durability and long-term effectiveness of the solution(s). A combination of green, grey and hybrid
solutions may prove to be the most optimal for combating the identified challenges.

Methods: assessing the technical effectiveness of solutions
A detailed evaluation of technical effectiveness generally involves quantitative modelling, includ-
ing hydrological modelling, modelling of ecosystem services and more. This can be done in differ-

entways, including using:

+ models developed to map and value ecosystem services, including the Natural Capital
project InVEST software, TESSA, Aries etc.

+ models not designed for ecosystem services assessment that aim to quantify biophysical
structures and processes related to single ecosystem services or ecosystem service groups
(e.g., hydrological models (Congetal.2020)).

« statistical models applied to specific datasets (e.g., Tangetal.2014).

» proxiessuchas matrix approaches or search tables to present ES based on land use maps/land
cover classes (Barth and D6lln 2016; Brenner et al. 2012; Troy and Wilson 2006)

* mapping approaches such as deliberative mapping (Palomoetal.2013). @
 spatialinterpolation (Mokondokoetal.2018).

However, approaches like modelling can be very data- and time-intensive. Some decisions do not
need precise quantification of the technical effectiveness of a solution:itis only necessary to know
whether the solution will be beneficial or detrimental to the objectives (Brauman etal. 2022). In these

cases, less detailed, qualitative methods may be used first before committing resources to a de-
tailed assessment. Qualitative methods can include expert judgement, literature review of previ-
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ous studies and drawing on results from similar projects (noting that NbS are often highly context
specific so it may not be possible to transfer results from one area to another).

Ultimately, the type of analysis and the required information and outputs will depend on the deci-
sion being made. Both qualitative and quantitative approaches are likely to be valid, but it is essen-
tial to be aware of the limitations in methodologies used within the decision-making process.

@ See Annex 5 for more detailed information on different methodologies to assess
technical effectiveness of solutions for different WEFE Nexus challenges.

3.3.3 Economic feasibility

Before deciding to implement any solution, itisimportant to understand how much it will cost, and
what the (economic) outcomes of the intervention will be. This information will help decide which
set of solutions can be included in an overarching plan. On a very practical level, it isn’t feasible to
implement aflood reduction solutionif it costs twice the budget available for flood defences. How-
ever, if that solution also delivers benefits for energy generation and recreation, it may be possible
to agree budget sharing between different ministries or departments to achieve multiple aims.

NbS can lead to net positive economic benefits due to the range of socio-economic outcomes as-
sociated with them, such as increasing adaptive capacity and building resilience (Le Coent et al. 2023).
Often the economic benefits of NbS are undervalued as monetary assessments do not account
for the full range of ecosystem services and co-benefits. Le Coent et al. (2023) found NbS to be
cost-effective, with implementation and maintenance costs lower than those of grey solutions of-
fering the same level of risk reduction. However, it can be difficult to calculate the cost-effective-
ness of NbS because some social and biodiversity co-benefits (and potential disbenefits) are:

« moredifficult to measure (e.g., changes in wellbeing are harder to measure than area
of habitat restored).

» hardtoassigna‘monetary’ value to.

» onlydeliveredinthelongerterm.

Understanding the cost-effectiveness of NbS compared to conventional alternatives can help
build the case to include NbS in strategies to address a range of challenges. Including co-benefits
in financial analyses can highlight the possibility of multiple funders co-investing in a project, or it
can make the broader social case for investment. Balancing different priorities and considerations
can also lead to adopting hybrid approaches that combine “grey” and “green” elements (Browder et al.
2019). To facilitate the uptake and mainstreaming of NbS, the economic case for NbS should be made
based on the multiple returns and co-benefits they could deliver. This should include demonstrat-
ing the economic potential of NbS and highlighting the competitive advantages of incorporating
NbSinto strategies.
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Table 5 provides example criteria associated with economic costs and benefits of solutions that
could be considered. Though most of these can be used to assess all types of solutions, some are

NbS-specific.

B

Table5

For more information on economic indicators for ecosystem services see Annex 8.

Criteria and approaches to measure economic costs and benefits associated with solutions.

Some of these are only relevant to NbS.

ECONOMIC COSTS

Up-front Theinitial capital and materials expenses and labour costs needed to
investment implement grey and NbS options, covering all aspects of design and

costs construction.

Recurring Therecurring costs to ensure that components of grey and NbS options are

operationand
maintenance
(O&M) costs

maintained and survive over the project life cycle.

Transaction
costs

The costs associated with the time, effort, and resources to search out,
initiate, negotiate, complete, monitor and get to an agreement (Gray et al.
2019). This also includes feasibility studies, securing permits, training staff
on new techniques and stakeholder engagement costs (IADB, 2020).
More information about transaction costs of NbS projects can be found
in Gray etal. (2019).

Opportunity
costs

@EXUS

The forgone values from implementing the options (e.g., restoration or
protection efforts can take land out of production, as can flooding to build
adam for energy or water needs), or other forgone income (e.g., from land
used forimplementing solutions, as opposed to an alternative option., They
and reflect what the landowner/ user is “giving up” (i.e., net revenues from
competing land uses). They are the indirect costs of the solution.
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€¢ Table5 | Criteriaand approaches to measure economic costs and benefits associated with solutions.

Some of these are only relevant to NbS.

ECONOMIC BENEFITS (fromservices provided by solutions, including ecosystem services provided by NbS)

Market prices The economic value of resources that can be traded in markets.
Thisis particularly relevant to food provision and energy provision.
Net factor The economic value of ecosystem inputs into the production of marketed
income goods and services. Since ecosystem inputs are often not priced, this method
tries to calculate a monetary value for these inputs by subtracting the other
input price from the final good or service.
Avoided The economic value of therisk reduction benefits derived from solutions,
damage cost including in climate change mitigation and adaptation.

Replacement
cost

Relevant only to NbS, the replacement cost method estimates the value of
anecosystem service as the cost of replacing the service with human-built
infrastructure/ similar asset at the current market price.

Stated
preferences/
willingness to
pay/ revealed
preferences

Considerations

Readiness to pay for a service or good. Based on the observation of
individual behaviours and choices within existing markets, which are linked
tothetargeted ES. Thisincludes the recreational value of a given site

(e.g. the willingness to pay for a site visit)

What are the costs and negative economicimpacts related to NbS planning, implementation,
monitoring, management and maintenance? (see Table 5)

What uncertainties could resultinincurring additional costs?

What economic benefits should be considered related to different solutions,
including synergies with broader goals?
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Methods: assessing the economic feasibility of solutions

Assessing the economic feasibility of solutions requires the quantitative economic valuation of costs
and benefits of solutions (including NbS) (Table 5), generally followed by a cost-benefit analysis.

a For more information on methods to estimate
different costs and benefits, see Annex 6.

When valuing ecosystem services, a biophysical evaluation of is first needed to estimate the sup-
ply of services. Methods for estimating the supply of Ecosystem services in biophysical terms is
described in ‘Technical effectiveness’ and Annex 5. The economic value of ES is derived from the
demand for ecosystem services from people (the benefits to society), from which it is possible to
derive the economic value where biophysical indicators then translated into a monetary value.

Solutions are compared through a Cost-benefit Analysis (CBA) using metrics such as the Cost-Ben-
efit Ratio and Net Present Value.

a For more information on how biophysical traits relate to
economic outcomes, see Annex 7.

3.3.4 Social outcomes

Considering the potential social outcomes of any intervention, including NbS, is essential. To en-
sure the expected societal benefits are achieved, while avoiding or minimizing any negative out-
comes, there needs to be an appropriate assessment of social outcomes during the planning stage
to understand and anticipate potential impacts and help to ensure the sustainability of solutions.
Solutions can also have unintended outcomes and trade-offs between people or societal groups
which need to be assessed.

This assessment needs to identify any likely negative social outcomes of solutions as well as deter-
mine measures to reduce them. At the same time, it should explore ways of promoting positive so-
cial outcomes (for example, ways to reduce existing social inequalities). The identification of possi-
ble social outcomes, as well as ways to reduce the negative impacts and enhance positive impacts
of solutions should be done in close collaboration with stakeholders.

Itisusefulto consider thedifferenttypesof ecosystemservicesand howthey link to benefitsand/or
disbenefits to people. Benefits from NbS for people can be both material (e.g., ecosystem services
that provide food or regulate water), and non-material (e.g., cultural value and contributions of
nature to human well-being) (Diaz et al. 2018). Where these benefits and services target the primary
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objective of NbS, they are evaluated under ‘technical effectiveness’. Some (but not necessarily all)
[material] benefits will have been covered by the'economic feasibility' assessment discussed above.

Solutions that affect non-material ecosystem services deliver intangible benefits and disbenefits
(Box 5). This includes the cultural, religious, ethical, philosophical and psychological importance of
nature (Millennium Ecosystem Assessment [MEA] 2005; OECD 2020). These concepts are less easy to quantify com-
pared to material outcomes. Table 5 provides examples of the potential intangible benefits from
solutions due to increases in non-material ecosystem services. They are splitinto social benefits and
cultural benefits.

Table5

Examples of intangible benefits.

Social benefits Cultural benefits

» Learningandinspiration « Supportingidentities

» Physical and psychological experiences « Sense of belonging to the community
(e.g.,areductionin self-reported anxiety and social cohesion
or stress)

« Heritage, historical and cultural meanings

» Perceived ownership of space . .
porsp « Traditional events organized

» Social rules onthe use of resources around natural areas

and taboos L. L. .
« Spiritual values, spiritual enrichment and

designation of sacred species or places

(Source: adapted from Dumitru et al. (2021))

Certain outcomes from solutions, such as enhanced biodiversity, can lead to both non-material
and material benefits. For example, a solution may increase insect diversity in an area. Some peo-
ple may report an increased quality of life and/or opportunities for learning from increased in-
teractions with certain insect species, like butterflies or bees, in their local neighbourhood. This
is a form of social benefit that has resulted from implementing the solutions. If any of the insect
species present, or present in greater numbers, hold spiritual importance to local communities,
this would also be a cultural benefit. Where some of the insects are pollinators of local crops, this
wouldresultina material benefit. However, itisimportant to note that increased insect diversity
could also cause disbenefits if it increases the instances of insect borne diseases for crops or lo-
cal communities, for example.
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Aspects to consider

Veerkamp et al. (2021) suggest multiple questions to consider when assessing the social outcomes
of solutions, such as:

+ What social conditions could be impacted by the solution?

+ Who benefits from and who is negatively impacted by the solution?

» Doesthesolution enhance human well-being? Are there ways to design it to create more benefits?
« Aretherenegativeimpacts on particular stakeholder groups? Is there a way to avoid these?

« Couldthesolutionincreaseinequality?

+ Arethereimpacts on human relationships with nature?

« Areany traditional/Indigenous practices impacted by the measure?

Methods: assessing the social outcomes of solutions

Some potential social outcomes from NbS implementation can be assessed quantitatively. These
are generally the material benefits. Social benefits and disbenefits related to regulating services
(e.g.,erosion control, flood risk reduction) and provisioning services (e.g., food and water provision)

can be estimated using ecosystem service models (for more information see ‘Technical effective-
ness’ and Annex 5).

Other social outcomes are much harder to quantify. These are generally related to the non-mate-
rial ecosystem services that produce intangible benefits (Table 5). These require qualitative tech-
niques, including participatory assessments and group valuations (MEA 2005). These approaches
usually assess socio-cultural values attributed to ecosystem services based on a group or commu-
nity-based valuation. Stakeholder engagement when planning solutions is described in the ‘Stake-
holder engagement’ section. There may also be some formal requirements for the assessment of
these impacts, for example an Environmental and Social Impact Assessment (ESIA) or specific
requirements from donors (for example, a gender action plan following a robust gender analysis).

a For more information on assessing non-monetary outcomes for
NbS, please see Annex 8.
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3.3.5 Environmental outcomes

Itisimportanttounderstandthe potential outcomes of solutions for the environment beyond their
primary objective, with the aim to maximize benefits and minimize the risk of disbenefits (Box 4).
In planning for any intervention, the first and most important step is to avoid adverse impacts. All

actions in a landscape have the potential for positive and negative impacts. It is important to un-
derstand what negative impacts might occur so steps can be taken to avoid them, minimize them
wherethey cannot be avoided, mitigate themand, if residualimpacts remain, compensate for those
impacts (in line with the mitigation hierarchy). It is also a vital part of the process to understand
what the trade-offs might be and the potential benefits and who will receive them.

For example, forest restoration in one area may reduce the quantity of water available in other ar-
eas of a water catchment, and changing land use from farming back to forestry would reduce the
area of habitat available to farmland specialist species. In the case of NbS, there should be an over-
all benefit for biodiversity and ecosystem services.

Understanding environmental outcomes requires an understanding of the current state of eco-
systems and their functions, as well as the causes of their degradation and loss. Solutions should
be planned using the best available information about the state of and pressures on ecosystems,
biodiversity and ecosystem services.

Aspects to consider

+ What environmental impacts need to be considered in the assessment (both positive
and negative, e.g.,impacts on biodiversity, soil quality, water cycle etc.)?

» Whatis the potential impact of the solution on ecosystem services?

« Which stakeholders are affected by these environmental impacts?

+ How canany negative impacts be avoided, or minimized / mitigated if they can’t be avoided?
Methods: assessing the environmental outcomes of solutions

Some environmental impacts will be identified during the technical effectiveness assessment. For
example, if a NbS, such as wetland restoration has been selected, this will contribute to increased
water retention and flood risk reduction. However, a holistic assessment of the environmental out-
comes of solutions is still needed to ensure there are not unwanted environmental consequences
for other locations. The assessment could include:

1 The collection of data and information relevant to the environmental context of the location,

including conservation priorities and protected areas, environmentally sensitive areas, current
land uses and future development plans for the area.
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2 Analysis of existing data on the environmental context to identify the current state of ecosys-
tems and the environment, including trends and drivers of change. This is intended to help provi-
sionally identify environmental issues and potential benefits from proposed solutions.

3 Using participatory approaches to engage with stakeholders to identify potential environmen-
tal impacts of solutions. This could include participatory workshops, focus group discussions,
field visits, etc.

4 ldentifying measures to reduce disbenefits and enhance benefits of solutions. Templates can be
used to guide this process

5 It may also be necessary to carry out formal processes such as an Environmental and Social Im-
pact Assessment (ESIA) as part of the process to identify suitable solutions, refine the design
and ensure thatimplementationis done appropriately.

Once implemented, solutions should be monitored to ensure that the expected outcomes are

realized and that any unintended or unforeseen consequences are identified and remedied (see
Next steps).

a For more information on assessing the non-monetary
outcomes of solutions, please see Annex 8.
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STEP 4
Select solutions
and design strategies

4  Select Nature-based Solutions

41 Compare and prioritize solutions
4.2 Design strategies

4.3 Compare strategies

When to use this step
This step will help answer the following questions:
» How do Nature-based Solutions (NbS) compare with other solutions?

» How canindividual solutions be incorporatedinto an overarching strategy
that couldinclude green, grey and hybrid measures?

« Whichisthe optimal strategy —i.e., the strategy that has the most synergies
between contributions to achieving sectoral objectives and the fewest trade-offs?

These questions will help determine and design optimal solutions to achieve water, energy, food
and ecosystem objectives. Building on Step 3, this step is used to prioritize solutions and com-
bine them within strategies that contribute to water, energy and food security, whilst maintain-
ing ecosystems. Synergies and trade-offs resulting from individual measures (see Step 3) can
help to establish where solutions may work more effectively in combination. For example, re-
storing a floodplain in combination with levees for flood management could be more effective
thaneither option alone (Green-Grey Community of Practice 2020). Also, soft measures might be needed to
enable the implementation and uptake of certain practices. For example, to implement agroe-
cological practices, it might be necessary to build capacity and share knowledge of the practices
and their benefits.
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TOOLS, APPROACHES AND EXPERIENCES FROM REXUS

CASE STUDY 5
Integrating NbS into Participatory Systems Dynamics Modelling

for the co-design of strategies.

41 Compare and prioritize solutions

After evaluating the list of different individual solutions (including NbS, grey and hybrid options),
candidate solutions can be compared against selected criteria to identify their suitability both in-
dividually and in combination. To support this comparison and combination exercise, it is useful to
compile the results of the evaluationina concise format.

a An example of how this was donein the REXUS projectin
the form of asimple solutions card is shown in Annex 2.

A multi-criteria analysis (MCA,; see Step 3: 'Enabling environment') can be a useful tool to rank dif-
ferent solutions and help select the most suitable ones. For example, scorecards can be used with
chosen criteria, the indicators and the level of performance against these indicators.

a An example of a scorecard can be foundin Annex 9.

4.2 Designing strategies

When combining solutions into strategies, a useful principle to use is ‘green where we can, grey
where we must’. However, generally a combination of different types of solutions will be most ef-
fectiveataddressing societal challenges,including climate change adaptation (uNer2019). See Box 10
for some guiding principles for combining solutions.

There will be several viable combinations of solutions that are likely to be effective. However, to
build a resilient WEFE Nexus, it may be sensible to prioritize solutions that have the potential to
produce multiple benefits. In the context of climate change uncertainty, low-regrets solutions (in-
cluding NbS) should be considered that offer flexibility over a range of different possible climate
change futures (Choietal.2021).
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While the aim is to design the optimal combination of solutions, there will be competing interests
between different stakeholders who have different priorities. Therefore, a level of compromise
is inevitable. When developing strategies, comparing the impacts of strategies one objective at a
time can make it easier to identify where solutions could be changed to minimize trade-offs and
maximize synergies.

BOX 10
GUIDING PRINCIPLES FOR COMBINING NBS AND GREY SOLUTIONS

Map the opportunities for NbS within the landscape. NbS require space and a suitable
location within the landscape. For example, for flood peak reduction upstream, natural
water retention wetlands or ponds may help reduce the sharp peak discharge that might
otherwise be experienced further downstream. At the same time these measures will pro-
vide agroundwater-recharging function, as water is being keptinthe arealonger, allowing
ittoinfiltrate into the soils. In this example, it would be necessary to map locations where
natural water retention areas already exist as natural features in the landscape (e.g., local
depressions, drained wetlands and frequently flooding agricultural fields).

Acknowledge that combining multiple solutions will often provide a better result. Fol-
lowing from the previous example, next to the upstream natural water retention meas-
ures, additional room for the river at further downstream location may also be found in
changing land-use, widening floodplains or setting back levees. Together these measures
may further benefit downstream communities by reducing the overall flood peak. Where
needed, local properties may require extra levels of protection through grey solutions,
e.g., by small levees or extra local drains.

Identify the linkages between ecosystems and grey infrastructure systems (Browderetal.2019).
Good practice entails identifying — at least at conceptual level - the linkages between eco-
systems and the water, energy and food infrastructure; for example, the linkages between
forest, wetlands, agricultural land use and the water infrastructure functions. Planners
should be aware of the range of contributions NbS can make to enhancing water, energy
and food related ecosystem services and other outcomes. This includes reducing grey in-
frastructure requirements; complementing grey infrastructure components, leading to en-
hanced overall service provision; safeguarding grey infrastructure assets by acting as a first
line of defence; and/or providing system redundancy in the face of a changing climate.

Evaluate individual measures both on their primary benefits and on their co-benefits,
synergies and tradeoffs. NbS — by definition — provide human well-being and biodiver-
sity benefits. In grey solutions, co-benefits for people and biodiversity are less likely to
occur. As multiple goals need to be reached that go beyond the the primary objective, it is
good to evaluate measures for all these goals. For example the impact of the solutions on
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biodiversity and water quality, not just water quantity. Such co-benefits may also be ex-
pressed in terms of economic gain, when the improvement of water quality also benefits
the quality of drinking water provision in the area.

Consider time frames. The benefits from different solutions may be generated in differ-
ent time horizons. For example, a grey solution may take a long time to plan and construct
but, once built, most will deliver benefits immediately. Conversely, NbS can take time to
establish and deliver a full range of benefits but, unlike grey solutions that often have a
defined lifespan, they may continue to deliver benefits long into the future.

4.3 Comparing strategies

It can be challenging to look at outcomes of solutions and/or strategies across a system, even
though this understanding is necessary to produce strategies that consider the WEFE Nexus. Sys-
tems dynamics modelling is one approach that can be used to gain an understanding of systems
interactionsinthe WEFE Nexus and the potential outcomes of different combinations of solutions.

Within the REXUS project, Participatory Systems Dynamics Modelling (PSDM) has been used as a
tool to show relationships between different variables across the WEFE dimensions (Case Study
5). In a semi-quantitative way, this approach helps to show how the implementation of different
combinations of solutionsis likely to affect different parts of the system.
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CASE STUDY 5

Integrating NbS into Participatory
Systems Dynamics Modelling

for the co-design of strategies

Background

Participatory Systems Dynamics Modelling (PSDM) was used in the REXUS project by Istituto di
Ricerca Sulle Acque (IRSA) as a methodology for simulating the impacts of different solutions on
the main WEFE Nexus challenges. In order to include NbS in the PSDM, a qualitative/semi-quanti-
tative assessment of impact of different NbS was carried out.

Approach

PSDM uses a systems-thinking approach, where the dynamic evolution of a system over time is
modeled based on the structure of interconnections between elements. Thisapproach analyzes the
complexweb of interactions (including physical, ecological and socio-economicfactors). This allows
the assessment of the impact on the whole system of different solutions. It considers co-benefits
and disbenefits as well as synergies and trade-offs.

The PSDM also uses a participatory approach to identify key elements and interlinkages in the sys-
tem, including the WEFE Nexus challenges. This helped locate leverage points to implement solu-
tionsviaadiagram of interconnections called a Causal Loop Diagram (CLD). See Figure CS5-1foran
example CLD for water useinthe Lower Danube. This exercise builds the foundations for developing
a stock-flow model, which incorporates mathematical expressions to quantify system interconnec-
tions. Toinclude NbSin the PSDM, the multi-dimensional implications of the short-listed NbS were
assessed to determine the potential benefits and co-benefits and the onset of trade-offs over time.

Results

Inthe case of the Lower Danube, NbS were matched with challenges and their associated key ecosys-
tem services (Step 2). For example, maintaining and enhancing wetlands was prioritized as an NbS to

respond to the challenge of securing water availability. Potential indicators to measure how effective

these wetlandsare atincreasing and maintaining water availability wereidentified. A qualitative scale

of the potential impact of different NbS was provided for water, energy, food, and ecosystem do-
mains. The estimation of impact of different NbS was further refined with data fromliterature review

and ecosystem service modelling to enable a more quantitative assessment.
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Figure CS5-1

Example Causal Loop Diagram (CLD) depicting water use in the Lower Danube
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Table CS5-1
| Prioritized NbS associated with WEFE Nexus challenges in the Lower Danube

WEFE Nexus Challenge Nature-based Solution

WATER

Lower Danube water levels: Maintain and enhance natural wetlands
Increased periods with

very low water level due to
climate change with impact
onagriculture (drought and
desertification) and navigation

Wetland restoration and management to improve the
hydrological regime and enhance habitat quality
(room for river/lateral connectivity)

Agroecological practices

FOOD

Soil degradation/aridity Agroecological practices
Reforestation/forest restoration

Maintaining agricultural Wetland restoration with multiple benefits

production
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€€ TableCS5-1 | Prioritized NbS associated with WEFE Nexus challengesin the Lower Danube

WEFE Nexus Challenge Nature-based Solution

ECOSYSTEMS

Disconnection of the floodplain Floodplain (wetland and forest) restorationand

from theriver management to improve the hydrological regime,
enhance habitat quality and increase biodiversity

ENERGY

Lower Danube water levels: Maintain and enhance natural wetlands

Increased periods with very
low water level due to climate
change withimpact on energy
production from hydropower

Wetland restoration and management to improve the
hydrological regime and enhance habitat quality
(room for river/ lateral connectivity)

Agricultural practices to improve water efficiency e.g.,
managing irrigation channelsin agricultural landscapes

Planting and habitat management to reduce energy
demand e.g., from permaculture and aquaculture

Reforestation of hydropower reservoir catchments

Table CS5-2

Example of challenge, the associated NbS and key ecosystem services identified that respond
to the challenge and criteria related to the main objective. Based on these, a qualitative
scoring was given to estimate the impacts over the WEFE Nexus.

Criteria
related

Challenge Nature- Key Ecosystem
based services responding

Potential Impact

to main
objective

Solution to the challenge

Ensuring Maintain « Water provisioning Water W E F E
maintenance and « Waterflowregulation ~ availability ——
smairlavel el  Natural hazard o+ o+ 4+
natural protection
wetlands
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NEXT STEPS
Implement
and monitor solutions

The REXUS Framework focuses on the planning of Nature-based Solutions (NbS) among other
solutions within a WEFE Nexus strategy. Once a strategy has been planned, it should be imple-
mented and monitored. These particular aspects of moving from Nexus thinking to Nexus doing
are beyondthe scope of the REXUS framework, but some of the key considerations to ensure that
strategies achieve their aims are highlighted below.

Detailed design and implementation

The steps of the REXUS Framework help consider which ‘set’ of solutions should be included in a
strategy to help address the prioritised WEFE Nexus challenges. Depending on the level of detail
achievedthrough evaluationin Step 3and Step 4, some additional feasibility studies will be needed
prior toimplementation of NbS.

Stakeholder consultation continues to be a vital part of the detailed design process, which could
include detailed studies to inform the location and detailed specifications of the NbS and other
solutions to be implemented under the strategy. For example, it could help assess exactly where
forest restoration efforts should be targeted within a broader area to maximise flood reduction
benefits. Depending on the context, this detailed design stage may include legal or policy driven
requirements before a strategy can be implemented, like conducting Environmental (and Social)
Impact Assessments (ESIA), developing a management and maintenance planand securing all nec-
essary permits or permissions. Financing mechanisms will also need to be identified to fund the
implementationand maintenanceof solution.Securingfinancingisreally key forallsolutions, butis
sometimes highlighted as a particular challenge for NbS. Fortunately, financing for NbS is expand-
ing. Due to the ability of NbS to meet multiple objectives within and beyond the Nexus, the inclu-
sion of NbS within WEFE Nexus strategies may even open up new or additional sources of funding
toimplement them (e.g. from climate and nature conservation focussed sources).

Once detailed design has been undertaken, permits and permissions are in place, and financing has
been secured, the WEFE Nexus strategy can be implemented. At this stage, important considera-
tions include securing people with the time and skills to create the solutions themselves (e.g., con-
struct the irrigation system, or restore the upland forest area) in line with the vision, and ensuring
no adverse impacts arise (e.g., measures are in place to avoid pollution and protect environmentally
sensitiveareas).Involving stakeholdersinimplementation (e.g., working with local communities and
landownerstoplanttreesaspartofrestorationefforts)canhelpbuildfurthersupportandlongterm
buy-in.
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Monitoring and Evaluation

Monitoringand Evaluation (M&E) of solutionsis essential to confirm whether each solution (singly
and in combination with other solutions in the strategy) is achieving its intended objectives — or
determine why it isn't. M&E provides the foundation for adaptive management and is key to ad-
dressing the uncertainties around solution effectiveness. There are still gaps in the evidence base
regarding the effectiveness of NbS in different contexts, which robust M&E may help fill. In turn
theinformation collected through M&E may support efforts tointegrate and scale up NbS across
different sectors. It also bolsters policies and legislation with useful data. Ideally, an M&E plan
should be developed prior to implementation and linked closely to the objectives of the strategy.
The evaluation of solutions during planning can form the basis of an M&E plan, as technical effec-
tiveness indicators will have already been identified, as well as the key intended outcomes of solu-
tionimplementation.

Resources

« Guidebook for Monitoring and Evaluating Ecosystem-based Adaptation Interventions, 2020.
« Handbook System for the Design and Implementation of EbA,2022.
« Implementing nature-based flood protection: Principles and implementation guidance, 2017.

Conclusion

Withgrowingpressuresontheresourcesandservicesthatpeopleandnaturerelyon,takingaWEFE
Nexus approach and considering the contribution that all solutions can make is key to developing
effective strategies to resolve challenges and enhance resilience.

At the core of the REXUS Framework is stakeholder engagement. The REXUS project has shown
thevalue of bringing all stakeholders together to discuss WEFE Nexus challenges and to co-create
strategies that respond to their priorities. This REXUS Framework guide is one tool that can be
usedto closethe gap between science and policy in managing resources to enhance resilience and
deliver onthe multiple societal objectives located at the WEFE Nexus.

The REXUS Framework outlinesfour, clearly definedstepsthatcanhelp practitioners,andallthose
involved in developing strategies to address pressing WEFE Nexus challenges, and include NbS in
their discussions and decision-making processes.

By following the REXUS Framework steps that are relevant to a particular context, and reviewing
andusingthe data, toolsand methodologies presented from both withinand outside REXUS, prac-
titioners, decision-makers and stakeholders can work together to integrate NbS into their strate-
gies to help build resilience — moving from Nexus thinking to Nexus doing.
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Glossary

Base case analysis

The current situation or ‘state’ of the area and the factors influencing it,
suchasenvironmental conditions, infrastructure, demands of resources
and ecosystem services provided.

Causal Loop Diagram

Adiagram that captures how elements of a system are interrelated by
depicting cause-and-effect linkages and feedback loops (Sterman2000).

Cost-Benefit
Analysis

A common method for evaluating and comparing projects

and investments. CBA involves computing the costs and benefits
of a projectin monetary terms, relative to the baseline or ‘without
project’ scenario (vanZantenetal.2023).

Cost-Benefit Ratio

Akey indicator that can be used to compare present value costs
and benefits of solutions. This divides the total present value

of benefits by total present value of costs. A ratio greater than one
indicates a net gain (Le Coentetal.2021).

Ecosystem Services

“The benefits people obtain from ecosystems. According to the original
formulation of the Millennium Ecosystem Assessment, ecosystem
services were divided into supporting, regulating, provisioning

and cultural” (1PBES2019).

Ecosystem-based
Adaptation

“the use of biodiversity and ecosystem services as part of an overall
adaptation strategy to help people adapt to the adverse effects

of climate change” (Secretariatof the CBD 2009) and “that takes into account
the multiple social, economic and cultural co-benefits for local
communities” (Convention on Biological Diversity 2010).

Environmental
and Social Impact
Assessment (ESIA)

Thisisawidely used procedure toinvestigate the environmental
and social consequences of a project and proposes measures
to mitigate potential negative impacts.

Free, Prior
and Informed
consent

Aprinciple protected by international humanrights standards thatallows
Indigenous Peoples and local communities to withhold or give consent
toaproject that may affect them or their territories, and allows them
towithdraw consent at any stage, ina manner that s free from coercion,
prior to the beginning of activities and well-informed.

Grey solutions

Solutions based on"built structures and mechanical equipment” such as
sea walls (Browderetal.2019).

Hybrid solutions
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Solutions that use a combination of grey solutions and Nature-based
Solutions (Sutton-Grier etal.2015).
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Indicator

Indicators are the measurable parameters about certain conditions,
characteristics or performance that depict the wider technical,
biophysical, environmental, socio-economic or climatic situation
(GIZ etal.2020).

Leverage points

Leverage points are places withina complex system where a small shift
inone thing can produce big changes at system scale
(Meadows 1999; Egerer et al.2021).

Mitigation Hierarchy

“The mitigation hierarchy comprises four broad actions step that are
designed to beimplemented sequentially: (1) avoid, (2) minimize,
(3)remediate, and (4) offset” (arlidgeetal.2018).

Multi-criteria
Analysis

“Any structured approach used to determine overall preferences among
alternative options, where the options accomplish several objectives.

In MCA, desirable objectives are specified and corresponding attributes
orindicators areidentified. MCA provides techniques for comparing
and ranking different outcomes, even though a variety of indictors

are used.” (UNFCCCn.d.).

National Adaptation
Plan (NAP)

"Under the Cancun Adaptation Framework, NAPs were introduced
toidentify adaptation needs and develop action plans to address
those needs." (UNEP2021).

Nature’s Contribution
to People

“All the contributions, both positive and negative, of living nature
(i.e.,all organisms, ecosystems, and their associated ecological
and evolutionary processes) to people’s quality of life” upBEs 2019).

Nature-based
Solutions

“Actions to protect, conserve, restore, sustainably use and manage
natural or modified terrestrial, freshwater, coastal and marine
ecosystems, which address social, economic and environmental
challenges effectively and adaptively, while simultaneously providing
human well-being, ecosystem services and resilience and biodiversity
benefits” (United Nations Environment Assembly 2022) (UNEP/EA.5/Res.5, paragraph 1).

Nexus

Inthe context of REXUS, Nexus refers to the connections between
water, energy, food systems and ecosystems.

Participatory Systems
Dynamic Modelling

A processthatinvolves stakeholders in the development of simulation
models to explore the behaviour of a system over time (sterman2000).
This method helps problem identification in socio-ecological systems
to support decision making (Kopainsky et al.2017).

Practitioner

@EXUS

Anyone whoisinvolved in developing a plan or strategy to address
efficient use and management of natural resources.
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Reference case
analysis

The analysis that describes the future performance of the system
under present policies and regulations (often known as the ‘business
as usual scenario’).

Resillience

"The ability of a system, community or society exposed to hazards
toresist, absorb,accommodate, adapt to, transform and recover
from the effects of ahazardin a timely and efficient manner, including
through the preservation and restoration of its essential basic
structures and functions through risk management."

(United Nations General Assembly 2017).

REXUS

Managing REsilient neXUS systems through participatory systems
dynamics modelling. Rexus aims to develop and validate knowledge and
tools to facilitate the transition from Nexus Thinking to Nexus Doing.

(The Rexus Project: https://www.rexusproject.eu/project-summary/)

Risk

“The potential for adverse consequences for human or ecological
systems, recognising the diversity of values and objectives associated
with such systems. Relevant adverse consequencesinclude those
onlives, livelihoods, health and well-being, economic, social and cultural
assetsandinvestments, infrastructure, services (including ecosystem
services), ecosystems and species” (intergovernmental Panel on Climate Change
2023).

Vulnerability

“The conditions determined by physical, social,economic and
environmental factors or processes whichincrease the susceptibility
of anindividual,a community, assets or systems to the impacts

of hazards.” (United Nations General Assembly 2017).

Water-energy-
food-ecosystems

“The water-energy-food-ecosystems (WEFE) Nexus is an approach
that moves away from the traditional focus on separate entities

(WEFE) Nexus but ratherintegrates management and governance across the multiple
sectors of food, energy, water, and ecosystems as being complex
andinextricably entwined.” (Carmona-Morenoetal.2021, p.1).

WEFE Nexus The challenges at the intersection of resource systems (water, food

Challenges and energy systems) and ecosystems, particularly how to efficiently use
and manage natural resources to achieve water, energy and food
security in resilient ways.

WEFE Nexus Strategy A set of solutions to address the WEFE Nexus challenges.
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Annexes <

ANNEX 1

Summary of activities performed by different work packages
(WP) of the REXUS project relevant to different steps

of the REXUS Framework

Table 8 providesinformation on REXUS project activities thatarerelevant to each step of the REX-
USFramework. Thistable can be used toidentify other materials and analyses produced by REXUS
that could support better integration of NbS into decision-making for WEFE challenges. It could
also help to identify useful activities to carry out within the framework process.

Table8
| Activities performed in the REXUS project relevant to steps of the REXUS Framework

Information provided by the REXUS project

Setting up the « Stakeholder mapping (WP2): Identification of stakeholders to include
Stakeholder inthe Learning Action Alliances (LAAs), including desk study
engagement andinterviews.

process

» Kick-off meetings with LAAs (WP2): Introduced the project
and discussed stakeholders’ expectations and needs from the
participatory process.

« Guidelines for stakeholder engagement (WP2): Defined clear steps for
engagementatthe beginning of the project. Thisisafundamental part of
establishing LAAs. The guidelines are intended to provide a conceptual
basis (e.g., why participatory approaches areacore activity in the REXUS
strategy) and guidance for the practical application of the approaches.
For moreinformation, deliverable 2.1 LAA Stakeholder Engagement.
Guidelines has been uploaded to the platform.

« REXUS learning platform (WP2): To facilitate activity in different
LAAs, promote continuity of LAA communities and disseminate
success stories and lessons learned through the project.
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€4 Table8 | Activities performedinthe REXUS project relevant to steps of the REXUS Framework

Information provided by the REXUS project

STEP1  Baseline descriptions of pilots (WP6): This activity assembled

|dentify Nexusrelevant available information and data for each of the five
challenges, risks, REXUS pilotareas, including a scoping study of their sectoral and WEFE
vulnerabilities Nexus challenges, and national and regional objectives per sector.

and

opportunities

« Analysis of institutional and governance structures (WP2): Analysis
of how conducive current governance structures, institutional
arrangements and policy contextin pilotareasin order to adopt
aNexus approach. Thisincluded areview of existing Nexus-relevant
policy frameworks for water, energy, food and environment
(including, the EU Water Framework Directive, Sustainable
Development Goals and Nationally Determined Contributions)

across sectors.

» Analysis and description of the ‘Nexus structure’ (WP4): This activity
used Causal Loop Diagrams (CLDs) to define a preliminary model of
the Nexus system and its interlinkagesin each pilot area. The CLDs
were validated with stakeholders in each pilot area. This formed the
basis for building quantitative stock and flow models.

« Coupled resource stock-flow models (\WP4): These built on the pilot
conceptualization performed though the CLDs and were based
around the structure of dynamic Sankey diagrams. This approach
was used to show changes to stocks and flows of resources under
reference, baseline, and future scenarios.

« Agricultural water accounting and footprint (WP3): This provided
monthly and yearly water accounting and annual footprint values
for different crops. It also provided average water accounting and
footprint values for the future short (2030-2050), medium (2051-
2070) and long (2071-2090) periods under two climate change
scenarios (RCP 4.5and RCP 8.5), for these crop types.

« Energy and carbon accounting (WP3): This assessed needs, sources,
carbon accounting, and footprints of energy based on different case
studies and forecasting scenarios through the analysis of energy
andfood systemsinthe REXUS pilot areas.
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€4 Table8 | Activities performedinthe REXUS project relevant to steps of the REXUS Framework

Information provided by the REXUS project

STEP1 » Land-use suitability mapping (WP3): This activity developed land use
Identify maps for the pilot areas. It then analyzed future land use suitability
challenges, risks, of major crops for pilot areas. It did this by analyzing potential
vulnerabilities yield based on water, soil, climate and management of crops under
and different climate change scenarios.

opportunities

across sectors.

« Climate projections (WP3): Assessed expected changes in the main
climatic variables for the pilot areas. Climatic variables included mean
temperature, total precipitation and potential evapotranspiration.
These were estimated for an intermediate emission scenario (RCP4.5)
and a high emissions scenario (RCP 8.5) for future time steps
of 2031-2050, 2051-2070 and 2071-2090 and compared to a
reference period of 1986-2005.

+ Climate risk assessments (\WP6): Thisincluded hazard assessments
throughindicators for each WEFE sector and critical thresholds;
exposure assessments (geographical datasets to identify, map
and assess exposure of pilot areas to climate change); vulnerability
assessments through indicators expressing the predisposition
and susceptibility of WEFE sectors to climate change impacts; and
adaptive capacity assessments based on criteria and a questionnaire
tolocal stakeholders.

- REXUS data observatory (WP3):a data repository inthe form of an
interactive platformto store key datasets and indicators related to
the Nexus produced by different partners for the pilot areas. This has
been made accessible to all REXUS partnersin the consortium.

STEP 2 + AirNbS platform (WP5): This web viewer isintended to be an
Identify interactive guide that helps users to increase the understanding of
solutions NbS options and to select and prioritize potential solutions, while
toaddress promoting stakeholder engagement, by visualizing the steps and
the challenges. background behind the selection of NBS options to address the

WEF challenges. AirNbS provides a user-friendly interface to select
potentially suitable NbS, through smart combinations of criteria
defined by the users.
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GLOSSARY,
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Information provided by the REXUS project

STEP 2
|dentify
solutions
to address

the challenges.

STEP 3
Evaluate
solutions
for how well
they address

The development of visions and pathways for Nexus sustainability
and transformation pathways through sets of priority actions
(AlIWPs). A long-list of relevant solutions (including NbS) was
identified based on the priority WEFE challenges, through
desk-review and based on the findings from the CLD analysis.

A stakeholder workshop was conducted where stakeholders
selected the most appropriate and desirable solutions.

the challenges.

@EXUS

Definition and analysis of Nexus indicators (WP4): This was based on
indicatorsidentified through the scientific literature related to Nexus
analyses and through interviews with stakeholders to identify key
measurable quantities related to challenges in their sector/domain.
This alsoincluded the identification of ‘Nexus Resilience qualities
based on evidence from the PSDM.

Definition of Hazard indicators (WP6): for water (floods and droughts),
energy (electricity demand, renewable energy potential) and food
(crop growth and stress), and related critical thresholds.

Vulnerability indicators (WP6) expressing predisposition
and susceptibility of Nexus sectors to climate change impacts.

Identification of indicators and procedures for assessing ecosystem
services in Nexus systems (WP3): The activity identified alist of
ecosystem services to be considered for evaluating NbS in the Nexus
context. Italsoidentified the associated indicators to assess these. A
procedure was developed to assess ecosystem service supply, ecosystem
service demand and the economic value of ecosystem servicesin pilot
areas.

Identification of relevant criteria and indicators (WP4, WP5):
Identified criteria related to selected solutions (including NbS) and
selected appropriate indicators.

Performed evaluation of NbS in selected pilot areas (WP5): This was
doneinselected pilot areas and based on their needs. For example, in
the Nima pilot area, the biophysical and economic valuation of NbS was
conducted asinput to the final stakeholder workshop. Other pilots
carried out qualitative evaluation of solutions as input into the PSDM.
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€4 Table8 | Activities performedinthe REXUS project relevant to steps of the REXUS Framework

Information provided by the REXUS project

STEP 4  Transition pathways for aresilient Nexus in pilot areas

Select which and developing an action plan (WP2+ input from other WPs):
solutions Validated the selected priority actions with stakeholders and drafted
toincludein anaction planin order to materialize the Nexus pathways and vision.
a WEFE Nexus

strategy.

« PSDM analysis of impacts of different strategies (\WP4): PSDM
incorporated quantitative and qualitative scenarios of implementing
different suites of solutions.

« Coupled resource stock-flow model (WP4): Showed changes to
stocks and flows of resources at a strategic level. This approach
was used to show changes to stocks and flows of resources under
different scenarios of strategy implementation.

» Simulation game (WP4): Provided a visualization of policy impacts
for decision makers and wider stakeholders (WP4).
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ANNEX 2 ¢«
Example solutions card

This is an example of a solutions card (front and back) that can be used in workshops to identify
viable solutions for the identified WEFE Nexus challenges.

FRONT

Solutions Card |Buffer Strips for water SIDE

infiltration and slowing surface flow

Description

Strips of native vegetation (bushes or trees) at the
margin of fields, arable land, roads and water courses
provide good conditions for effective water infiltration.
They can also slow surface flow and reduce theamount
of suspended solids e.g. from agricultural runoff.

NEXUS
= I A A
0/+ + +

Buffer Strips for
Relevance
(-/0/+/+4)

Funded by
the European Union

water infiltration
and slowing
surface flow

++

Solutions Card | Buffer Strips for water infiltration and slowing surface flow EIPBCEK
Potential to address challenges

Soil deg) & Unauthorized gr Albufera wetland Jucar River
desertification abstraction state baseflow

v v v v

Ecosystem Services Enhanced

HEIHEL

& &

Material
resource
Climate
Regulation
Water flow
regulation

Water
purification
of
<| extreme
avents
Erosion
prevention
control
Ufecycle
maintenance
Recreation
and tourism

L
AN
<

Indicative Cost Timeline Biodiversity Benefit
($ to $55) (& to & ‘

Funded by B
the European Union TATIER LOMD REXUS
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ANNEX 3 ¢«
Template to help assess the enabling environment

Table 9 includes the recommended key dimensions, key criteria and indicators for assessing the ena-
bling environment of NbS options and their proposed weights and evaluation scoring scale. Weights
and the scoring scales can be modified based on discussions with stakeholders for specific cases.

Table9
Recommended key dimensions, criteria and indicators and suggested weights

for evaluating the enabling environment of NbS
WEIGHT

CRITERION Responsibilities for different aspects of NbS phases 25%

(planning, implementation and maintenance)

INDICATOR 1 Clearly defined structure and roles: Dedicated actors have been NbS 50%
identified for NbS planning, implementation, and maintenance specific

SUB-INDICATOR Planning, Implementation, Maintenance

INDICATOR 2 NbSresponsibilities: Well defined actors' responsibilities for each NbS 50%
NbS phase have been identified specific

SUB-INDICATOR Planning, Implementation, Maintenance

2 Coordination mechanisms (horizontal and vertical)

INDICATOR 1 Participationinall processes of the NbS intervention: The use of NbS 20%
participatory approachesin decision-making have been planned generic
inall the phases of NbS intervention

SUB-INDICATOR Planning, Implementation, Maintenance
INDICATOR 1.1 Equity in participatory processes: The participationis based NbS 2%
onmutual respect and equity, regardless of gender, age or social generic

status, and upholds the right of Indigenous Peoples to Free, Prior
and Informed Consent (FPIC)

SUB-INDICATOR Gender, Age, Social status, Indigenous rights

INDICATOR 1.2 Represented stakeholders: Identification and involvement of direct NbS 3%
andindirect stakeholders affected by the NbS generic
2 Representedinterest of stakeholders: The decision-making NbS 25%
processes documents and responds to the rights and interests of all generic

participating and affected stakeholders

@EXUS 96



o o— INTRODUCTION IDENTIFY CHALLENGES, 1 IDENTIFY 2 EVALUATE 3 SELECT 4 NEXT STEPS: GLOSSARY,
o m— RISKS, VULNERABILITIES SOLUTIONS SOLUTIONS SOLUTIONS AND IMPLEMENT AND REFERENCES
o — AND OPPORTUNITIES DESIGN STRATEGIES MONITOR SOLUTIONS AND ANNEXES

ANNEX 4 é
Criteria and indicators to assess the technical
effectiveness of solutions against key WEFE Nexus challenges

Many indicators related to technical effectiveness have been used within the REXUS project (Ta-
ble 10). These can be used as a reference to determine key criteria and indicators for evaluating
the technical effectiveness of solutions according to the prioritized WEFE Nexus challenges. The
WEFE Nexus challenges listed are those identified by the REXUS pilot cases areas (based on Paga-
no and Giordano 2022; Righetti et al. 2022; European Commission 20217). The challenges listed are not exhaustive and
therefore some challenges may not be listed. This list does however cover a broad range of poten-
tial WEFE challenges and shows how to link challenges with the relevant criteria and indicators to
assess technical effectiveness.

Table10
Criteria and indicators to assess the technical effectiveness of solutions
for WEFE Nexus challenges

WEFE Nexus Ecosystem Criteria Exampleindicators

challenges services

Ensuring water Water Water » Groundwater level (depth, volume)
avallzjrb.lllty provisioning; availability » Number, capacity and density of water
Providing water Water flow

a X reservoirs
foragriculture regulation

» Number of potential beneficiaries/
groups

+ Surfacewater availability (level,
volume) in reservoirs

» Hydro-meteorological parameters:
precipitation, temperature, rainfall
intensity

« Riverflowindifferentlocations/
seasons

« Water storage capacity perland use
m3/ha per year)

» Groundwater recharge rate (m*/ha
per year)

« Water use (m*/person per year; m3/
primary and secondary sector per year
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€4 Table10 | Criteriaandindicators to assess the technical effectiveness of solutions for WEFE Nexus challenges

WEFE Nexus Ecosystem Criteria Exampleindicators

challenges services

Water use  Surface water/Ground water
consumption (m?3/ person per year;
m?/primary and secondary sector per
year

« Waterdemand

« Number of users

Use « Wateruse efficiency

efficiency « Watersaving rate

Water use » Quantity of pumped water per well/
foragriculture user

« Agricultural production per water
volume pumped/used

» Water efficiency inagriculture

« Variation of cultivated area per crop
over time

» Water cost/ total agricultural
production cost

Water « Groundwater level/ use vs.annual
overexploita- precipitation (or rate of yearly
tionand groundwater decline)

management « Temporal and spatial variation of
groundwater and surface water

» Water consumption

« Water exploitationindex

Dealing with Water Ecological » Water quality parameters
poor water purification state

. + Ecological status
quality

« Biologicalindicators: benthos, plant
cover, fishand phytoplankton
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€4 Table10 | Criteriaandindicators to assess the technical effectiveness of solution for WEFE Nexus challenges

WEFE Nexus Ecosystem Criteria Exampleindicators

challenges services
SWand GW » Nitrogen concentrationinsurface
deterioration and groundwater; Phosphorous

concentrationinsurfaceand
groundwater; Nitrogen to
Phosphorous ratio

+ Dissolved Oxygen concentration
insurfaceand groundwater

« Electrical conductivity
« Turbidity (Secchi disk depth)

« Water temperature

Maintaining Food Agricultural « Agricultural production cost per unit
agricultural provisioning; productivity area
production life cycle + Quality of agricultural products over
maintenance; time
climate

regulation « Average productionyield (kg/ha)

« Crop consumption (kg/person per
year)

« Number of crop varieties and
livestock breed species livingin
aregion/ surface

« Carbonsequestrationrate perland
use (tonnes CO,/ha per year)

Efficientand + Energy consumptioninagriculture
financially (forirrigation)
sustainable

« Irrigation cost:energy
agriculture
« Irrigation cost: other (Maintenance,

environmental fee)

» lIrrigation water cost/Agricultural
production cost

« Economic benefit per crop typevs.
irrigation water needs
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€4 Table10 | Criteriaandindicators to assess the technical effectiveness of solution for WEFE Nexus challenges

WEFE Nexus Ecosystem Criteria Exampleindicators

challenges services
Agricultural « Temporalvariation of cultivated area
p|anning percrop overtime
(crops)

» Economicbenefit percrop typevs.
irrigation water needs

Sustainable « Type, use and cost of pesticides

ractices
P + Useof green manure

Energy Energy Energy + Energy cost (forirrigation)
efficiency so.urce; efficiency . Capacity of the energy system
Energy climate infrastructure
. regulation
generation « Energy consumptionin agriculture
(forirrigation) - unit production/ unit
area

» Convertedenergy (kWh/m?per year

+ Producedelectricity (kWh/m?per
year)

+ Energy use (kWh/m?per person per

year)

Renewable « CO2equivalentemissions savings
energy + Costof RES/ Cost of conventional
sources energy

» RESdensity perregion
Water » Hydropower plant production (MWh)
available » Number of potential beneficiaries/
forenergy

groups
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€4 Table10 | Criteriaandindicators to assess the technical effectiveness of solution for WEFE Nexus challenges

WEFE Nexus Ecosystem Criteria Exampleindicators
challenges services
Dealing with Erosion Soil quality + Cost-benefit of EU funding policies
erosionand regulation; sectoral)
sedimentation water « Soil quality parameters (change over
purification time)
» Kgpollutant removed from soil per
soil type
+ Difference between currentand
desired pollutant concentration
Soil » Typeanduse of pesticides
degradation Loss by soil erosion (m3/ha per year)
+ Amount of soil retained or sediment
captured (m?3/ ha per year)
Ecosystem Lifecycle Environmen- + Protectedareas
conservation maintenance; tal protec- . -
X ) ) « lllegal mining activities
and protection recreation tion
and tourism + Levelof community awareness

Ecosystem

EseEEn » Natural resources extracted (kg/ha

peryear)

» Natural resources used (kg/industrial
sector peryear)

» Social requests of habitat
improvement or maintenance

Biodiversity « Aquaticvertebrates;insects
+ Speciesrichnessindex
 Biodiversity intactnessindex

+ Native vegetation or high value
farmland

Deforesta- «Forested area

tion « Deforestationrate
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€4 Table10 | Criteriaandindicators to assess the technical effectiveness of solution for WEFE Nexus challenges

WEFE Nexus

challenges

Ecosystem
services

Dealing with
floods

Dealing with
droughts

@EXUS

Water flow
regulation;
Natural
hazard
protection

Criteria

Soil erosion

Environmen-
tal flow
requirement

Water-
related risks

Exampleindicators

+ Lossby soil erosion (m*/ha per year)

« Amount of soil retained or sediment
captured (m?/ ha per year)

» Forestedarea

Ecological flow requirement

» Frequency of extreme events

Hydro-meteorological parameters:
precipitation, temperature, rainfall
intensity, number of days with high
low temperature

« Carbonsequestration rate per land
use (tonnes CO,/ ha per year)

+ Population living/ economic activities
situated in areas depending (directly)
onecosystem-based regulation
(facing risks of flooding)

» Floodedareas peryear
+ Droughtindices

» Water storage capacity perland use
m?3/ha per year)

« Groundwaterrechargerate
(m3/haperyear)
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ANNEXS5

é

Methodologies to assess technical effectiveness

of NbS in relation to WEFE Nexus challenges

Table 11 provides example methodologies for assessing the key ecosystem services associated
with NbS based on WEFE Nexus challenges. Methods are given according to the level of data
needed and the detail of the analysis. Level 1 generally refers to methods that use expert judge-
ment or global analysis. Level 2 generally uses global data but for the local context. Level 3 re-

quires local data.

Table 11

Examples of methodologies to assess NbS ecosystem services and benefits

WEFE Nexus

challenges

NbS benefits

Ecosystem
services

Example methods

Ensuring water
availability

Ensuring
resillience
todroughts

@EXUS

Seasonal/ interannual
variability of water availability
is oftenanimportant factor
indrought prone areas and
important to understand
service delivery. The effect

of NbS on water availability

is highly contextdependent
and can be negative. The main
impacts of NbS are changes to
the evapotranspiration rate
andthe enhancementof the
infiltration capacity of soils.

E.g. large-scale forest
restorationin upper
catchments; increased
groundwater recharge,
helping to maintain water
supply (Bassi etal.2021).

Water
provisioning

Water flow
regulation

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: Ecosystem
service modellinge.g.,
InVEST annual water
yield and seasonal
water yield models

LEVEL 3: Water
resources modelling
e.g, WEAP
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€4 Table11 | Examples of methodologies to assess NbS ecosystem services and benefits

WEFE Nexus

challenges

Ensuring
resilience
tofloods

Dealing with
poor water
quality

@EXUS

NbS benefits

NbS can have flood risk
reduction benefits due to
the ability of the natural
environment to retainand
slow down the passage of
water throughits soiland
vegetation. This decreases
peak discharge, flood extent
and flood volume.

E.g., Forest conservation/
restoration: increases runoff
retention, reduces peak
discharge, flood volume and
extent (Lallemantetal.2021);

NbS can trap sediment
and pollutants through
vegetation, soiland
microorganismes.

E.g., Urban wetland: Artificial
wetlandsimprove surface
water and runoff from

cities through filtering

water through their soils,
microorganisms and
vegetation (lwaszuk etal. 2019).

Ecosystem

services

Water flow
regulation

Moderation
of extreme
events

Water
purification

NEXT STEPS:
IMPLEMENT AND
MONITORSOLUTIONS

Example methods

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: Ecosystem
servicemodellinge.g.,
TESSA (Toolkit for
Ecosystem Service Site-
based Assessment)

LEVEL 3:Hydraulicand
hydrological models
e.g, HEC-HMS, SWAT,
HECRAS

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: Ecosystem
service modelling
e.g, InVEST water
purification model

LEVEL 3: Water
quality and primary
production models for
aquatic ecosystems
PC-Lake, DYRESM-
CAEDYM

GLOSSARY,
REFERENCES
AND ANNEXES
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€4 Table11 | Examples of methodologies to assess NbS ecosystem services and benefits

WEFE Nexus

challenges

Dealing with
erosionand
sedimentation

Ensuring
energy
efficiency

NbS benefits

Ecosystem

services

Erosion
prevention

NbS can stabilize riverbanks
and slopes by trapping
sediment to reduce bank
erosion and sedimentation of
waterways.

E.g., living fascines*: bundles
of longliving woody stems
thatare established along
riverbanks. They decrease
erosion by stabilisation
riverbanks, dissipating waves,
and reducing water velocity.

Water
provisioning

NbS can be used toincrease
energy efficiency. For
example, by reducing the
energy needed for water
supply to agriculture.

Water flow
regulation

E.g.,agroecological practices:
using ecological principles to
ensure the productivity of
the food production system.
Various techniques improve
soil water holding capacity,
increasing water availability
and reducing the need for
irrigation (Abdallah et al.2021).

NEXT STEPS:
IMPLEMENT AND
MONITORSOLUTIONS

Example methods

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: Ecosystem
service modelling e.g.,
InVEST Sediment
Retention Model

LEVEL 3: SWWAT

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: Water
resources modelling e.g.,
WEAP

GLOSSARY,

REFERENCES
AND ANNEXES

@EXUS
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€4 Table11 | Examples of methodologies to assess NbS ecosystem services and benefits

WEFE Nexus

challenges

Ensuring
energy
generation

@EXUS

NbS benefits Ecosystem

services

Water
provisioning

NbS can help to regulate
water flows and maintain
water availability. They
canalso prevent erosionand
sedimentation of water
infrastructure, reducing
theenergy needed to
remove sediment (for
example from reservoirs)
and restore function. They
canreduce energy needed
for wastewater treatment/
pollutant removal.

Water flow
regulation

E.g., Forest conservation and
restoration: forests regulate
water flows influencing
water volume and timing of
delivery through processes
such as inceptionand
infiltration. Increased water
flow regulation can maintain
hydropower production by
providing a constant water
supply. Forest vegetation
reduces erosion and sediment
exportthat may impact
hydropower production
infrastructure downstream
(Conservation International and The

Nature Conservancy, n.d.).

NEXT STEPS: GLOSSARY,
REFERENCES

IMPLEMENT AND

MONITOR SOLUTIONS AND ANNEXES

Example methods

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: Ecosystem
service modellinge.g.,
InVEST annual water
yield & Sediment
Retention Models

LEVEL 3: Water
resources modelling
eg, WEAP

106


https://naturalcapitalproject.stanford.edu/software/invest
http://www.weap21.org/

INTRODUCTION

IDENTIFY CHALLENGES, 1
RISKS, VULNERABILITIES
AND OPPORTUNITIES

IDENTIFY 2
SOLUTIONS

EVALUATE
SOLUTIONS

3 SELECT
SOLUTIONS AND
DESIGN STRATEGIES

€4 Table11 | Examples of methodologies to assess NbS ecosystem services and benefits

WEFE Nexus

challenges

Providing
water for
agriculture

Maintaining
agricultural
production

@EXUS

NbS benefits

The effect of NbSon

water availability is highly
context dependentand

can be negative. The main
impacts of NbS are changes
to evapotranspiration rate
and enhancement of the
infiltration capacity of soils.
Foragricultural water supply,
NbS like agroecology can
reduce the amount of water
needed.

E.g., Mulching to conserve
moisture and improve soil
fertility: This uses organic
material to cover the

surface of the soil. This
practice can dramatically
improve the capacity of soil
to store water by reducing
evapotranspiration and
conserving soil moisture. This
reduces the agricultural water
demand (Raffaetal., 2021).

NbS can Improve soil fertility,
increase infiltration capacity
of soils.

E.g., Intercropping: this
involves rowing two or more
crops in proximity. This helps
to make more efficient use of
resources due to the different
requirements between

plants to use resources. This
reduces competition between
plants and improves soil
quality, enhancing soil organic
carbon, nitrogen content

and increasing soil microbial
diversity (Zalacetal.2022).

Ecosystem
services

Water
provisioning

Food
provisioning

NEXT STEPS:
IMPLEMENT AND
MONITORSOLUTIONS

GLOSSARY,
REFERENCES
AND ANNEXES

Example methods

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: InVEST crop
production model

LEVEL 3: Water
resources modelling
eg, WEAP

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: InVEST crop
production model
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€4 Table11 | Examples of methodologies to assess NbS ecosystem services and benefits

WEFE Nexus

challenges

Conserving
and protecting
ecosystems

Restoring
ecosystems

@EXUS

NbS benefits

Ecosystem

services

Maintaining and conserving
biodiversity, ecosystems and
key ecosystem functioning.
This enhances the ecosystem
services provided.

Lifecycle
maintenance

E.g., Maintaining and
enhancing natural wetlands:
Wetlands are biodiversity
hotspots and conserving

the conditions that maintain
ecosystem functions supports
biodiversity andthe array of
other ecosystem services they
provide.

Restoring the functioning

of key ecosystems increases
biodiversity and restores key
ecosystem services.

Lifecycle
maintenance

E.g., Wetland restoration
and management toimprove
the hydrological regime and
enhance habitat quality:
Wetlands are often areas of
high biodiversity and offer
many other benefits, such

as water provision and flow
regulation. Restoring the
hydrological regimes that
supports the ecosystem helps
to restore these ecosystems
and the habitat to support
biodiversity (Ralston et al.2017).

DESIGN STRATEGIES

NEXT STEPS:
IMPLEMENT AND
MONITORSOLUTIONS

GLOSSARY,
REFERENCES
AND ANNEXES

Example methods

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: Habitat
Suitability models
e.g, HABITAT, CASIMIR

LEVEL 1: Qualitative
assessment based on
expertjudgementand
literature review

LEVEL 2: Habitat
Suitability models such
as HABITAT, CASIMIR
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ANNEX 6
Methodologies to estimate the economic costs
and benefits of solutions

é

Table 12 provides criteriaand approaches to evaluate the economic costs and benefits of solutions.

Table12
Criteria and approaches to evaluate the economic costs and benefits of solutions

Criteria description Approach

ECONOMIC COSTS

» Up-frontinvestment costs
includeinitial capital and
materials expenses and labour
costs needed toimplement
grey and NbS options, covering
all aspects of design and
construction.

This requires the collection of unit cost data per expense
(e.g.,EUR/ha) (e.g., for securing permits, design

and planning, site preparation and construction).

For example, NbS schemes may need large areas of land,
which could incur purchase, transaction, or governance
COStS (Bridges etal.2021).

» Recurring operation and
maintenance (O&M) costs
include recurring costs to ensure
that components of grey and NbS
options survive over the project
life cycle.

This requires the collection of information on O&M
expenditures on a unit cost basis by solution component
throughout the expected lifespan of the solution. For
example, for NbS O&M costs could include ecosystem
management costs, such as pest control, landowner
payments and enforcement. Thisinformation can be
estimated from secondary data and from consultation
with stakeholders to establish local costs of activities.

» Transaction costs associated
with the time, effort and
resources to search out, initiate,
negotiate and complete an
agreementand getinvestmentin
a solution (Grayetal.2019). This also
includes feasibility studies and
stakeholder engagement costs
(IADB2020).

@EXUS

This requires estimates of the activities and time
involved in this process. NbS can require a high economic
investmentin awareness raising, participatory planning
and engagement to ensure the sustainability of the
solutions proposed. More information about transaction
costs of NbS projects can be found in Grayetal.(2019).
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ECONOMIC COSTS

Opportunity costs are defined as
forgone value fromimplementing
the options. For example,
watershed restoration and
protection efforts can take

land out of production, or other
foregone income (e.g., fromland
used forimplementing solutions,
asopposed toanalternative
option). They reflect what the
landowner/ useris “giving up” (i.e.,
netrevenues from competing
land uses). These are the indirect
costs of the solution.

ECONOMIC BENEFITS

Valuing the ecosystem services
provided by solutions. The
economic value of resources that
can be traded in markets. This

is particularly relevant to food
provision and energy provision.
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€¢ Table12 | Criteriaand approaches to evaluate the economic costs and benefits of solutions

Criteria description Approach

This requires the estimation of the net revenues from
competing land uses as a result of implementing

a solution. For example, this could be the loss of
agriculturalland. Itisimportant to identify the relevant
stakeholder groups and to capture all the relevant
economic activities that could be affected by the
solution.

The economic value of ecosystem services starts with
estimating changes in biophysical processes as a result
of solutionimplementation (compared to a ‘baseline’ or
‘without solution’ scenario) that support the provision

of ecosystem services. Then the benefits that this has
onsociety (i.e., the ecosystem service supply) can be
estimated. From this, the economic value of ecosystem
services can be estimated. See Table 13 for biophysical
indicators to estimate ecosystem function and ecosystem
service supply and how these translate into economic
valuationindicators to convert results into monetary
terms. See Righettietal (2022) for more information of the
methodology developed to assess the economic benefits
of ecosystem services.

Estimates of ecosystem services can be done using
various methodologies and tools, including modelling
tools specifically developed to map and value ecosystem
services, such as INVEST, TESSA, Aries etc. See Table 11in
Annex 5 for more information on these methods.
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€¢ Table12 | Criteriaand approaches to evaluate the economic costs and benefits of solutions

Criteria description Approach

ECONOMIC BENEFITS

» Avoided damage cost: The Thisusesanapproach thatis similar to that explained
economic value of therisk above related to valuing the ecosystem services provided
reduction benefits derived by solutions.

from solutions, includingin
climate change mitigation and
adaptation.

Risk isafunction of hazard (likely frequency and intensity
of adestructive event), exposure (the location of the event
inrelation to people and assets) and vulnerability (how
likely people and assets will be negatively impacted by an
event). Hazard frequency and intensity can be simulated
(for example flood depth). This is then converted into
economic losses result from the hazard by estimating
impacts on people andinfrastructure.

Thisincludes estimating changes to biophysical processes
asaresult of the solution related to climate change
mitigation (e.g., carbon sequestration) and adaptation
(e.g..flood damage reduction). Itinvolves 1) estimating
the hazardintensity for the ‘baseline’ or ‘without solution’
scenario; then 2) estimating the impact of solution
implementation on the hazard intensity (with project
scenario) (vanZantenetal.2023). From this the expected
economicimpacts of the solution can be calculated by
comparing the baseline and solution scenarios.

For modelling resources related to different hazards see
Table11in Annex 5 and other disaster risk modelling
resources (e.g., GFDRR,2014).

» Replacement cost: Relevant only Cost estimates for alternatives can be derived from

to NbS, the replacement cost secondary data. For example, in GFDRR/ World Bank (2018)

method estimates the value of an they estimate the replacement costs of the ecosystem

ecosystem service as the cost of service ‘regulation of water flows’ as a result of wetland

replacing the service with human-  restoration using data on water users, required water-

builtinfrastructure/ similar asset related infrastructure, and costs from National census

atthe current market price. and statistics data and data published by the National
Water Supply and Drainage Board. This can sometimes
overestimate the value of ecosystem services.
Toensure thisis not the case, the least cost alternative
forinfrastructure should be used (vanzantenetal.2023).
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€¢ Table12 | Criteriaand approaches to evaluate the economic costs and benefits of solutions

Criteria description Approach

ECONOMIC BENEFITS

+ Net factorincome: The economic
value of ecosystem inputsinto
the production of marketed
goods and services. Since
ecosystem inputs are often
not priced, this method tries to
calculate amonetary value for
these inputs by subtracting the
otherinput price from the final
good or service.

@EXUS

To estimate the value of ecosystem input to production
of goods and services, the production of the good

or service needs to be modelled to estimate the
contribution of an ecosystem to a product in monetary
terms. For example, mangroves provide habitat for
fish. Using data on ecosystem extent and diversity, and
costs of other inputs to fish (e.g., fishing effort), and
the quantity and price of fish caughtitis possible to
estimate the relationship between mangroves and fish
productivity (van Zantenetal.2023).
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ANNEX 7 ¢«
Economicindicators for valuing Ecosystem Services
provided by NbS when addressing WEFE Nexus challenges

Table 13 provides indicators for the economic valuation of Nexus-related ecosystem services pro-
duced by NbS. It matches the biophysical indicators related to ecosystem function and ecosystem
service supply, with economic indicators related to ecosystem service demand. It is based on a re-
view of the main ecosystem services frameworks of the Millennium Ecosystem Assessment (MEA)
(2005), The Economics of Ecosystems and Biodiversity initiative (TEEB) (2008) and the Intergov-
ernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) (Diaz et al. 2015).
See Righettietal.2022 for details on the methodology developed through the REXUS project.

Table13
Economicindicators for valuing the benefits provided by solutions in monetary terms

(Adapted from Righettietal.2022). (*) Benefits typically generated only by NbS projects.

J— REQUIREDTO —]
WEFE Nexus challenges Bio-physical indicators

To maintain the
agricultural production
and seek food security

Food
provisioning

Economicvalue of
food provisioning
based on market
price (€)

Average production
yield (kg/ha)

To maintain the water Water Economic value of Fresh and/or
supply for multiple uses provisioning water provisioning processed water
(e.g., agriculture, based on market availability per water
domestic) price per sector: use (m3/ha per year)
water (€)
Achieving energy Energy source  Economic value of Converted energy
security through energy provisioning (kWh/m3 per year);
different sources based on market Produced electricity
(e.g., hydropower, wind) price (€) (kWh/m?3 per year)
To ensure availability of Material Economicvalue of Natural resources
raw materials resource resources extraction  extracted
based on market (kg/ha peryear)

@EXUS

price (€)
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€4 Table13 | Economicindicatorsfor valuing the benefits provided by solutionsin monetary terms
(Adapted from Righettiet al.2022). (*) Benefits typically generated only by NbS projects.

3 REQUIRED TO =

WEFE Nexus challenges Benefits Economicindicators Bio-physical indicators

To maintain the genetic Genetic Restoration costs Number of crop

potential for climate resources* basedon varieties and livestock

resilient crop varieties €/ha per year breed species living
inaregion/surface

To reduce and capture Climate Economic Carbon sequestration

GHG emissions to regulation value of carbon rate perlanduse

mitigate global climate sequestrationbased  (tonsCO,/haperyear)

change on market price (€)

Toregulate water flows Water flow Replacement costs Water storage

to ensure availability regulation basedon€/m3 capacity per land

for multiple uses of construction use (m3/ha per year);

(e.g., agriculture, material groundwater recharge

domestic) rate (m3/ha per year)

To control water Water Replacement costs kg of pollutant

pollution due to purification based on€/ton of retained from soil per

agriculturalinputs pollutant removed soil type

and other pollutants

To mitigate and adapt Moderation Replacement costs Water storage

to water cycle extreme of extreme basedon€/m?3 capacity perlanduse

events (e.g., droughts, events (flood of construction (m3/ha per year);

floods)

protection)

material

groundwater recharge
rate (mm/ha per year)

To mitigate soil erosion Erosion Replacement costs Amount of soil
andloss that can put prevention based on €/ton of retained, or sediment
food and ecosystem soil retained captured

security atrisk (m3/ha peryear)

To replace chemical Biological Replacement costs Populations of pest
inputs by biological control* based on €/l of control agents (n/ha)

agents for fertilizing
and pest controlt

@EXUS

pesticides
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€4 Table13 | Economicindicatorsfor valuing the benefits provided by solutionsin monetary terms
(Adapted from Righettiet al.2022). (*) Benefits typically generated only by NbS projects.

3 REQUIRED TO ]

Economicindicators Bio-physical indicators

WEFE Nexus challenges I Benefits

To protect biodiversity
and minimize the
impacts of agriculture,
water provision
andenergy production
on ecosystemst

Lifecycle
maintenance*

Restoration costs
based on€/haof
habitat restored

Native vegetation

or high nature value
farmland; pollination
associated to
biodiversity; structural
changes in habitats
and other ecosystem
characteristics

To create opportunities Opportunities
for tourism based on for recreation
ecosystem conservation and tourism

@EXUS

Visitors' total
expenditure (€)

Number of facilities
(e.g., hotels,
restaurants, hiking
paths, parking lots;
n/ha); results from
questionnaires on
nature and leisure
preferences
(wildlife-viewing,
hiking, fishing, sports)
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ANNEX 8 ¢
Methodologies to assess non-monetary values
of solutions

The sections below give a few examples of the many qualitative methods that can be applied to iden-
tify and assess socio-cultural values associated with ecosystem services. Any selected method to
perform non-material values assessment should have a participatory approach as its main feature.

Although there is no universal technique to assess non-material values, as these need to be con-
text-based, there are some suggested steps that can help assess these values (adapted from chan
et.al.2012):

1 Determine the decision context: Set the objective of the analysis. Identify who will be making
the final decision of choosing and implementing the solution and explain the reasons. Identify
what motivates the assessment of non-material values and what can be negotiable or non-ne-
gotiableinrelation to the solutions’ objective.

2 Characterize the socioecological context: Identify the spatial and temporal scales of the solu-
tion, its degree of intervention and the scale of benefits. Understand the social, cultural, and po-
litical aspects by identifying stakeholders involved or impacted. Consider including stakehold-
ers from various sectors, administrative levels, and demographic groups. Understand power
dynamics and historical conflicts among them. The goal is to ensure equitable participation of
stakeholdersin decision-making processes.

3 Assess the ecosystem services, benefits and values: Evaluate ecosystem services, benefits, and
values using the qualitative tools like the ones outlined in Annex 7. Select a suitable tool that
enables decision-makers to recognize current ecosystem services within the intervention area,
along with the associated benefits and non-material values. Encourage stakeholders to consider
socio-cultural benefits and values. This assessment should also provide insights into both pos-
itive and negative impacts of the solution on the evaluated ecosystem services, benefits, and
non-material values, emphasizing the significance of these impacts. Clearly identify any poten-
tial trade-offs.

4 Present information: Develop visual representations and scenarios that illustrate the ecosystem
services and their associated benefits and non-material values identified in the previous step. Give
priority to benefits and non-material values that are expected to change significantly due to the
intervention and are highly valued by stakeholders, such as those contributing to people’s well-be-
ing. Collaborate with stakeholders in the creation of these graphics and scenarios. Take into con-
sideration the diverse perceptions among stakeholders when prioritizing non-material values.

The data obtained from conducting these steps should guide the decision-making process. Cre-
ated data should highlight the ecosystem services, benefits, and non-material values that stake-

@EXUS 116


https://doi.org/10.1525/bio.2012.62.8.7 
https://doi.org/10.1525/bio.2012.62.8.7


INTRODUCTION IDENTIFY CHALLENGES, 1 IDENTIFY 2 EVALUATE 3 SELECT 4 NEXTSTEPS: GLOSSARY,
RISKS, VULNERABILITIES SOLUTIONS SOLUTIONS SOLUTIONS AND IMPLEMENT AND REFERENCES
AND OPPORTUNITIES DESIGN STRATEGIES MONITOR SOLUTIONS AND ANNEXES

holders deem most significant, thereby focusing the solution on enhancing these benefits. If sce-
narios or decisions are likely to adversely affect ecosystem services, benefits and socio-cultural
values, efforts should be made to mitigate or compensate for these trade-offs. Running an as-
sessment of non-material values will complement the monetary analysis of a solution and con-
tribute to a more comprehensive understanding of its economic and socio-cultural implications.

THE DECISION
CONTEXT

IOECOLOGICAL
ONTEXT

DETERMINE CHglACTERIZE

REPRESENT ASSESS ES, BENEFITS
INFORMATION AND VALUES

Table14

Qualitative methods to assess the outcomes of solutions

Qua”tative tOOI

Narrative These methods are usually applied at the fine level, mostly at the

analysis individual level. They are especially helpful for identifying people’s values
attributed to ecosystem services and their benefits based on a specific
local context. Gathered qualitative data helps identify and understand
place/heritage and spiritual values (Chanet.al.,2012).

Interviews There are three types of interviews: structured, semi-structured,
and unstructured interviews. Depending on each type, interviews
canbeapplied atafine or coarse level. Collected data informs about
information about personal experiences and values attributed to
ecosystem services and can allow comparison between answers
(Kvale1996).
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€4€ Table14 | Qualitative methods to assess the outcomes of solutions

Qualitative tool

Cultural or
mental mapping

Description

This method is usually applied at a fine scale. It helps understand

local cause-effectslogics between ecosystem services, benefits and
attributed valuesinamulticultural context. Cultural or mental mapping
can beusedforidentifying values attributed to specific sites, landscapes
and natural particularities (Duxburyetal.2015).

Preference
surveys

Surveys can be applied at the fine or coarse levels and provide insights
into the personal preferences of ecosystem services. The gathered
information will inform about personal information on behaviours,
preferences of ecosystem services, values attributed to ecosystem
services, or demand distribution for non-material services
(Hernandez-Morcillo etal.2013, Palomo et al.2013).

Paired
comparisons

These methods can be applied at the fine or coarse level, as long as the
number of ecosystem services and benefits analyzed are no more than
10. Comparison tools aim to create rankings of prioritized values

of ecosystem services. Rankings result from value weights inferred
from people’s preferences for certain ecosystem services and benefits
(Chanet.al.2012).

Focus groups

This method can be applied mostly at the fine level, with small groups or
people. Focus groups could inform about people’s opinions, experiences,
and perceptions related non-material values. This method promotes
discussion between people and develops group ideas (Morgan2015).

The methodologies are not universally applicable. Identifying non-material values of ecosystem
services requires a local and context-based approach that recognizes different interests, values,
conflicts and other socioecological aspects that influence decision-making processes. More infor-
mation about sociocultural valuation can be found in Hernandez-Morcillo et al. (2013), Palomo et al. (2013), Fe-
lipe-Luciaetal.(2015), Chanetal.(2012) and IPBES (2022).
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ANNEX 9 ¢«
An example score card that can be used
to facilitative comparison of solutions and strategies

Scorecards such as the example below, can facilitate comparison between different solutions and
help to prioritise solutions into strategies.

CRITERIA INDICATORS BASE REFERENCE STRATEGY 1 STRATEGY 2
CASE CASE

2020 2030 2050 2030 2050 2030 2050

Peak flow rate (m3/s)

5 E Peak flood volume (m?3)

St

@ '_“84 Risk to critical infrastructure (%)

x =

< é Area exposed to flood risk (ha)

of=

mE Local population exposed to flood risk (No./ha)

Agriculture land exposed to flood risk (ha)

Net surface water availability (m3/year)

Aquifer
recharge

Tourism &surface

Level of groundwater table (m below ground surface)

water
availability

Increase in tourism (Mean no. visitors/day per year)
Green space accessibility (%)
Number of native species (number)

Extent of habitat for native pollinator species (ha)

Biodiversity

Proportion of protected areas (%)
Up-frontinvestment costs (€)
Recurring operation and maintenance (O&M) costs (€)

Transaction costs (€)

Economic costs

Opportunity costs (€)

Meanannual directandindirect economic losses
dueto flooding (€)

Replacement costs to mitigate and adapt to ensure
water availability (€/m? of construction material)

Replacement costs to regulate flows
(€/m? of construction material)

Economic benefits

Visitors'total expenditure (€)
NbS cost/benefit analysis: avoided costs (€)

General wellbeing and happiness (Number 1-5)

Social
values

Visual acces to green space (Number 1-5)

Historical and cultural meaning andidentity (Number 1-5)

Cultural
values

Cultural value of blue-green spaces (Number 1-5)

Reduced/avoided damage costs from flood risk
reduction (€/year)

Cost/
benefit
analysis

Return of investment (%)
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