N

N

Natural Assurance Schemes Canvas: A Framework to
Develop Business Models for Nature-Based Solutions
Aimed at Disaster Risk Reduction
Beatriz Mayor, Pedro Zorrilla-Miras, Philippe Le Coent, Thomas Biffin,
Kieran Dartée, Karina Pena, Nina Graveline, Roxane Marchal, Florentina
Nanu, Albert Scrieu, et al.

» To cite this version:

Beatriz Mayor, Pedro Zorrilla-Miras, Philippe Le Coent, Thomas Biffin, Kieran Dartée, et al.. Natural
Assurance Schemes Canvas: A Framework to Develop Business Models for Nature-Based Solutions
Aimed at Disaster Risk Reduction. Sustainability, 2021, 13 (3), pp.1291. 10.3390/su13031291 . hal-
03124438

HAL Id: hal-03124438
https://brgm.hal.science/hal-03124438

Submitted on 28 Jan 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://brgm.hal.science/hal-03124438
https://hal.archives-ouvertes.fr

<@ sustainability

Article

Natural Assurance Schemes Canvas: A Framework to Develop
Business Models for Nature-Based Solutions Aimed at Disaster

Risk Reduction

Beatriz Mayor *, Pedro Zorrilla-Miras !, Philippe Le Coent 2, Thomas Biffin 3, Kieran Dartée 3, Karina Pefa 3,
Nina Graveline 4, Roxane Marchal 5, Florentina Nanu ¢, Albert Scrieu 7, Javier Calatrava 8,
Marisol Manzano ? and Elena Lépez Gunn !

Citation: Mayor, B.; Zorrilla-Miras,
P.; Coent, P.L.; Biffin, T.; Dartée, K.;
Pena, K.; Graveline, N.; Marchal, R.;
Nanu, F.; Scrieu, A.; et al. Natural
Assurance Schemes Canvas: A
Framework to Develop Business
Models for Nature-Based Solutions
Aimed at Disaster Risk Reduction.
Sustainability 2021, 13, 1291.
https://doi.org/10.3390/su13031291

Received: 14 December 2020
Accepted: 22 January 2021
Published: 26 January 2021

Publisher’s Note: MDPI stays
neutral with regard to jurisdictional
claims in published maps and

institutional affiliations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC  BY) license
(http://creativecommons.org/licenses

/by/4.0/).

1 I-CATALIST S.L, 28232 Las Rozas, Madrid, Spain; pzorillamiras@icatalist.eu (P.Z.-M.);
elopopezgunn@icatalist.eu (E.L.G.)

2 BGRM, Université de Montpellier, 34000 Montpellier, France; p.lecoent@brgm.fr

3 Field Factors, 2628 CS Delft, The Netherlands; thomas@fieldfactors.com (T.B.);
kieran@fieldfactors.com (K.D.); kp@fieldfactors.com (K.P.)

¢ INRAE, 34000 Montpellier, France; nina.graveline@inra.fr

5 Caisse Centrale de Réassurance, 75008 Paris, France; rmarchal@ccr.fr

¢ Business Development Group, 10638 Bucuresti, Romania; florentina.nanu@bdgroup.ro

7 Geoecomar, 030167 Bucuresti, Romania; albert.scrieciu@geoecomar.ro

8 Department of Business Economics, Universidad Politécnica de Cartagena, 30202 Cartagena, Spain;
j.calatrava@upct.es

9 Department of Mining and Civil Engineering, Universidad Politécnica de Cartagena, 30202 Cartagena,

Spain; marisol.manzano@upct.es

Correspondence: bmayor@icatalist.eu

Abstract: Nature-based solutions (NBS) are increasingly being promoted because they can solve
different pursued aims together with providing an additional array of multiple ecosystem services
or co-benefits. Nevertheless, their implementation is still being curbed by several barriers, for
example, a lack of examples, a lack of finance, and a lack of business cases. Therefore, there is an
urgent need to facilitate the construction of business models and business cases that identify the
elements required to capture value. These are necessary to catalyze investments for the
implementation of NBS. This article presents a tool called a Natural Assurance Schemes (NAS)
canvas and explains how it can be applied to identify business models for NBS strategies providing
climate adaptation services, showing an eye-shot summary of critical information to attract funding.
The framework is applied in three case studies covering different contexts, scales, and climate-
related risks (floods and droughts). Finally, a reflective analysis is done, comparing the tool with
other similar approaches while highlighting the differential characteristics that define the
usefulness, replicability, and flexibility of the tool for the target users, namely policymakers,
developers, scientists, or entrepreneurs aiming to promote and implement NAS and NBS projects.

Keywords: nature-based solutions; business models; natural assurance schemes; risk reduction

1. Introduction

Extreme weather events and water challenges have ranked within the top three
greatest risks to the global economy consistently over the last five years, according to the
World Economic Forum annual assessments [1]. Around 70-90% of the predicted
economic losses caused by flooding in Europe, from now until 2050, can be attributed to
the increase in the value of assets in floodplain areas, with the rest attributed to climate
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change [2]. Yet, those vulnerable to these extreme climatic events, like businesses, farmers,
and institutions, do not have the knowledge or capacities to tackle these risks.
Conventional infrastructural measures are expensive. For example, the estimated
investment needed in water infrastructure over the next 15 years is around 22 trillion
dollars, which is more than half of the total expected infrastructure investment demand
(41 trillion USD) [3]. There is a new emerging approach that looks to expand the portfolio
of solutions by looking at, for example, nonstructural measures or nature-based solutions
(NBS). Examples of nonstructural measures include management and regulation
measures, such as water rights management, water allocation management, revision of
dam regulation regimes, and so forth. Meanwhile, nature-based solutions for risk
reduction span interventions to enhance the intrinsic capacity of nature to mitigate
extreme events, such as river and flood plain restoration initiatives, dike removal,
permeable surfaces, and the reforestation of upstream highlands, among many others.
These are gaining strength as alternatives or complements to conventional grey solutions
to help build resilience and response capacity to water-related hazards. However, NBS
are still at an early stage in terms of implementation and face a number of specific barriers
for both scaling up and making their implementation mainstream. One of the main
barriers is the difficulty to access funding and finance that help either reduce or share the
investment efforts from across a number of stakeholders, including public entities, which
often hold the main water risk management responsibility. Thus, developing a clear and
strong business case that can attract private and impact investors into, for example,
blended finance projects, can help increase the uptake of NBS for risk mitigation based
on, for example, avoided losses. The current lack of a clear business case is partly due to
the limited data and evidence on the full range of environmental, economic, and social
benefits provided by NBS. Thus, the full value (and possible revenue streams) these
solutions offer is underestimated, as well as how this value can be captured and turned
into a business that provides risk reduction and climate adaptation services to a range of
beneficiaries, which constitute a potential pool of beneficiaries, clients, and
funders/financiers capable of mobilizing the required economic resources.

In this context, there is a recognized need for user-friendly tools and instruments that
support the identification and description of business models as a basis to further develop
a strong business case for nature-based solutions [4-6]. A number of recent works, mainly
emerging from the cluster of NBS-related projects funded by the H2020 program of the
European Union, have proposed a range of frameworks, tools, and catalogs to describe
business models for NBS [4,7,8]. However, most of these frameworks and projects are
focused on urban and relatively small-scale interventions. As a result, these tools overlook
some scale and institutional-related trade-offs and potential synergies, and thus fall short
when applied to larger NBS schemes, such as those aimed at disaster risk reduction (DRR)
and climate change adaptation (CCA) at territorial scales, such as catchments or aquifers.
Furthermore, one of the primary (although not necessarily the highest) values of NBS
interventions aimed at DRR and CCA is the potential to reduce the scale of natural
hazards, vulnerability, risks, and damages, and thus, this value needs to be very well-
defined and assessed to build a robust business case to make the implementation of these
NBS projects bankable. However, the inclusion and accounting of additional benefits, or
co-benefits, may be equally or even more critical to making the case for certain investors
looking for minimum rates of return [9], or to developing blended finance bankable
projects that combine public and private finance. Therefore, any tool that identifies viable
business models for NBS interventions aimed at DRR and CCA should be able to
characterize all the values generated, distinguishing between the risk reduction value and
the additional values to deliver a range of impacts, as well as the set of elements, agents,
and economic returns that make it viable.

Under the framework of the H2020 NAIAD (NAture Insurance value: Assessment
and Demonstration) project, a tool called the Natural Assurance Schemes (NAS) canvas
has been developed to characterize the process of value capture from the supply side
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(service providers through the implementation of the NBS) to the demand side (service
beneficiaries), and to identify potential business models for NBS as NAS strategies aimed
at DRR and CCA, the so-called Natural Assurance Schemes. Natural Assurance Schemes
(NAS) are defined as NBS-based strategies to internalize the insurance value of
ecosystems [10]. This concept has been developed and applied as a conceptual framework
to raise awareness, valuation, and service-focused planning [10]. Meanwhile, the
assurance and the insurance values are defined as reflecting an ecosystem’s capacity to
remain in a given regime and retain its capacity to deliver vital ecosystem services in the
face of disturbance and change [11], including the insurability of green assets. The NAS
canvas tool aims to structure and guide the identification of the elements required to
generate business models around NAS that can catalyze the economic resources required
for their implementation, as well as to drive possible service or economic transactions
around the provision of (ecosystem or nature-based) eco-DRR and climate adaptation
services.

This paper presents the NAS canvas tool and methodological framework and applies
it to three NAS strategies at different scales in three European sites that served as
demonstration cases in the H2020 NAIAD project. These are the implementation of an
Urban Water Buffer in the Spangen district in the city of Rotterdam (The Netherlands) at
the urban scale, a combined NBS strategy, including multiple green infrastructure
interventions at the sub-catchment scale in the Lez basin (France), and a hybrid NBS-soft
strategy including non-structural (institutional) NBS and water management response
measures at the large scale in the Medina del Campo aquifer (Spain). Insights from the
applications of the tool to these cases are discussed and put into context when compared
to other emerging business model canvas tools.

2. Materials and Methods
2.1. The NAS Canvas: A Framework and Tool to Identify and Describe NAS Business Models

The Natural Assurance Schemes canvas (NAS canvas) is aimed at identifying and
describing business models for NAS by sequentially describing three aspects: (i) the
process and elements involved in the provision of climate adaptation and risk reduction
services by an NBS or a set of measures (NBS and soft, non-structural/hybrid/grey
measures), or NAS strategies, from both the supply and the demand sides; (ii) the actors
involved and their potential roles; and (iii) how the value of these services can be
translated into economic revenue streams, funding, and the financial resources required
for the execution and maintenance of these NBS measures and strategies. Hence, the NAS
canvas can be used for the identification of potential business models and the required
elements for NBS implementation, and also serves as a comprehensive methodological
framework to describe the features of an NBS implementation project. It also helps to
diagnose the type of information required and available or not available to document the
results in a structured and clear way that is useful for engaging and convincing investors
and promotors, and for potentially attracting interest in this type of project initiative.

The NAS canvas is an adaptation of the traditional business model canvas developed
by Osterwalder, Pigneur, & Clark, 2010 (https://strategyzer.com/canvas) [12], tailored to
the specificities of nature-based solutions and their contextual framework. A business
model is defined as a description of the rationale of how an organization creates, delivers,
and captures value in economic, social, cultural, or other contexts (adapted from [12]). It
defines the way by which an organization offers value to customers, entices customers to
pay for value, and converts those payments into benefits. The business model canvas is
traditionally used to support companies and businesses in identifying and structuring
their value proposition and the elements required to develop a strong and feasible
business model for the delivery of a product or service to the market. In the context of
NBS, the nature of services provided are usually related to public services from public
goods, such as water, ecosystems, or hybrid services involving public and private goods,
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(e.g., green walls in buildings). Therefore, the business model concept was taken out of
the classic private goods market concept and broadened to consider how an
organization—be it public, private (e.g., an enterprise), an NGO, a community of citizens,
or a mixture of these actors acting collectively—could deliver value to end users.
Nevertheless, the term “business model” was deliberately maintained and applied to the
case of NBS projects in order to highlight and give attention to the parallelism with the
private goods system, albeit with certain particularities, such as the inclusion of
environmental and social values (the so-called additional benefits or co-benefits) [9,13].

The NAS canvas was thus built on this traditional business canvas model, which was
expanded and tailored to account for the specificities of climate adaptation and the
services and risk reduction offered by nature-based solutions. To do so, a review of
existing canvases and approaches developed and applied to nature-based solutions and
ecosystem services was carried out to identify the state-of-the-art advances in this field.
After careful analysis, the so-called “PPP canvas”
https://ppplab.org/2017/11/pppcanvas/) for ecosystem services developed by the
Inclusive Business Hub [14] was considered the most applicable and aligned with our
purpose, and it inspired the introduction of three new elements into the traditional canvas:
direct beneficiaries, indirect beneficiaries, and impacts of the NAS strategies. Finally, the
canvas was also expanded to incorporate the essence and elements of NAIAD’s economic
framework [13]. This process resulted in our NAS canvas, which captures the extended
array of co-values, actors, and contextual settings inherent to NBS aimed at DRR and CCA
that will ultimately determine and condition the structure and feasibility of an NAS
business model.

2.2. The NAS Canvas Methodological Framework: A Sequential Flow Process to Facilitate the
NAS Canvas Understanding and Application

The canvas is a quick visual way to compile key information in a simple eye-shot
format. However, it can sometimes become difficult to read and follow and falls short of
space when more detailed descriptions with substantial information need to be reported.
Therefore, a sequential NAS canvas methodological framework is presented, consisting
of a flow of steps that can be reported in a table format for detailed descriptions. The steps
are structured in a linear sequence of blocks that cluster the different components
describing how the value provided by the NAS flows from the supply to the demand side,
and the different elements required for this process. This set of steps also provides a
structure and logic that underpins the canvas display (what we call the NAS canvas tool),
presented in Section 2.3, which also facilitates the reading and understanding of the more
visual and traditional canvas format.

The flow diagram in Figure 1 shows the sequence and clustering of the different NAS
canvas components and the sequential process of steps composing the NAS canvas
methodological framework. The descriptions and definitions of the different clusters and
components are described here below.

The steps and clusters are grouped in five blocks, following the flow process of
natural assurance services in a potential market: (1) the problem, service, and value; (2)
the supply side; (3) the demand side; (4) supply-demand interactions; and (5) the final
impact.
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Figure 1. Natural Assurance Schemes (NAS) Canvas Framework: flow diagram.

BLOCK 1: PROBLEM, SERVICE, AND VALUE

CLUSTER A: Flow Of Adaptation Services

This cluster defines the main problem to be addressed and the value proposition
provided by the particular NAS to address the challenge identified.

STEP 1: The problem to be addressed. Identify the main problem to be addressed by
the NAS project initiative.

STEP 2: Service provided and value proposition. In the traditional canvas, the Value
Proposition is the reason why customers choose one company over another. It solves a
customer problem or satisfies a customer need. The main service and value of an NAS
strategy is the capacity to solve the problem (risk reduction function: reduce hazards,
vulnerability, risks, or damages). An NAS strategy also provides additional or secondary
services or co-benefits (secondary values) that are not provided by other grey alternatives.
Therefore, the value proposition is composed of the following: (A) the primary service
and value generated by the main function (risk reduction); and (B) the secondary service
and value generated (co-benefits and their associated values). The total value is estimated
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as the sum of primary and secondary services (Steps 2A and 2B of the NAS canvas), and
it will reflect the comparative advantage with other alternatives.

Step 2A. Primary service and value. In the presented NAS canvas framework, the main
service and value is the reduction of impacts from extreme water-related climate events
expressed as economic losses (risk function —avoided costs or damage costs) through risk
reduction, mitigation, and prevention. The approach to estimating the avoided costs or
damage costs can be found in [9].

Step 2B. Secondary service and value. Secondary services are all the additional services
or co-benefits generated by the strategy that are not obtained with grey infrastructure and
entail a competitive advantage. The values generated by these co-benefits are difficult to
express and make explicit. Le Coent et al. (2019) [9] proposed several co-benefit valuation
methods to undertake this co-benefit valuation. These span quantitative approaches for
monetary valuation, such as contingent use values, travel costs, and so forth, and
qualitative valuation through qualitative indicators or ranked preferences that gather
public or stakeholder perceptions.

CLUSTER B: Regulatory Context

STEP 3: Regulation. Frame the regulation or articulate the target problem objectives
and the specific areas to be covered by the solution, for example, land use management,
water management, soil and agricultural regulations, and so forth, or the lack of

regulation.

BLOCK 2. SUPPLY SIDE

CLUSTER C: Mapping the Supply

STEP 4: Who implements. Identify the main agent(s) responsible for implementing
the strategy. For NAS strategies involving multiple measures, these can be specified by
measure.

STEP 5: Key activities. List the activities required for the implementation of the
measures that constitute the NAS strategy (NBS/hybrid/grey/soft non-structural). This
includes the set of measures applied and a breakdown of specific activities within each
measure.

STEP 6. Key resources. List the non-monetary resources needed to implement the
strategy (existing and non-existing at present) for example, knowledge, people, capacity,
and political support.

STEP 7. Key partners. List the partners required to implement the solutions and
provide the service, for example, technology centers, regional public administrations,
developers, operators, or funding partners.

CLUSTER D: Mapping The Costs Of The Service
STEP 8. Cost structure. Identify the different types of costs associated with the
implementation of the strategy.

8A. Lifecycle costs: Include capital costs and operation and maintenance costs.

8B. Opportunity costs: Include the benefit, profit, or value that would have been
generated by implementing other alternatives.
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BLOCK 3. DEMAND SIDE

CLUSTER E: Mapping the Demand

STEP 9: Who owns the problem. Identify who is directly affected by the problem or
suffers the problem that the NAS is addressing (flood or drought damages, water
shortages, etc.).

STEP 10: Customer segments. The demand side of the service provision can be
segmented into different groups based on needs, behaviors, and other traits that these
groups share. A customer segment for NAS may be defined through spending behaviors
(customers, clients), interests, and motivations.

10A. Direct beneficiaries of primary value: Identify the agents that benefit from the
solution through damage costs/avoided damages.

10B. Clients: Identify the ones who are paying for the service. They may or may not
own the problem and be solely responsible for it.

10C. Indirect beneficiaries: 1dentify the extended beneficiaries of real and potential
benefits and co-benefits who are currently not paying for the service but may be
potentially interested in paying for the co-benefits generated when they are made fully
aware of their value.

CLUSTER F: Mapping the Ability/Willingness to Pay

STEP 11: Revenue streams. This component relates to the cash an organization
generates from each customer segment. In the NAS canvas framework, it identifies the
possible income streams generated as a result of the service provision/value generated
(including both private streams and public goods) for which each customer segment is
willing to pay, and which ones can provide an economic return.

STEP 12: Funding. Funding is the money required to implement the measures. It can
be obtained from a single source upfront, or from the customer segments. Some of the
revenue streams identified in the previous step may need to be devoted to cover the
lifecycle costs of the measure through the economic instruments explained below.
Funding sources can include a mixture of the following instruments:

12A. Tariffs: Charges paid by the users of the product or service as a “price” (e.g.,
water tariff)

12B. Taxes: Charges paid by the users of the product or service as a fixed percentage
of the value (i.e.,, Value Added Tax (VAT)) or local taxes raised by municipalities for
sectoral policies that may be used to fund NAS.

12C. Transfers: Money provided by external actors, such as official development
assistance, philanthropic donations, grants, or governmental/institutional funds.

12D. Private funds or investment: Money invested by the private sector, finance, or
private investors.

BLOCK 4. SUPPLY-DEMAND INTERACTIONS

CLUSTER G. Mapping the Supply-Demand Interactions

STEP 13: Customer relationship. Identify the type of relationship between the
customer and the service provider or implementor. The possible types of relationships are
personal assistance (human interaction), dedicated personal assistance (dedicating a
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customer representative to an individual client), self-service (no direct relationship with
the customer), transactional (through a transaction that can be economic, contractual, etc.),
automated (self-service with automated processes), communities (creation of a
community of users that communicates through a representative), or co-creation (both
customer and implementer/service provider generate value). In terms of the duration of
the relationship, it can be transactional, long-term, or purpose-based.

STEP 14: Channels. In the traditional canvas, the communication, distribution, and
sales channels comprise a company’s interface with its customers. Channels are customer
touch points that play an important role in the customer experience. In the NAS canvas,
channels are the vehicles by which the implementing and beneficiary stakeholders
communicate, such as periodical meetings, public participation initiatives, email, social
media, formal letters, and so forth.

BLOCK 5. IMPACT

CLUSTER H: Impact

STEP 15: Impact Key Performance Indicators (KPIs). Identify a list of tangible and
measurable impacts achieved through the implementation of the NBS measure or NBS
strategies, described by Key Performance Indicators (KPIs), that should be used to track
the performance and efficiency of the strategy.

The five blocks presented above gather all the elements required to describe a
business model and were the ones included in the NAS canvas tool. Nevertheless, aside
from the canvas, presented here is an additional block that describes some subsequent
elements necessary to prepare the business case and the groundwork for the
implementation of the NAS. Within the NAIAD framework, these elements are not
considered to be part of the business model but rather part of a later phase of the business
case development and design of the implementation arrangement [15]. However, these
are very important when considering/assessing the viability of an NAS or NBS project.
Hence, these will be mentioned and described here as additional steps beyond the
business model on the way towards defining viably implementable NAS or NBS projects
that create an appetite for potential funders and investors.

BLOCK 6. FURTHER STEPS TOWARDS DEFINING THE BUSINESS CASE

STEP 16: Financing mechanism. Identify the type of financing formula that could be
used to obtain the funds or capital investment required upfront, to be paid back over time.
Examples include credits, loans, and grants.

STEP 17: Governance model. These are collective action arrangements designed to
achieve the implementation of NBS [16] as well as their management and maintenance
over time. Egusquiza (2018) [16] identifies five types of governance models: Traditional
Public Administration, New Public Management, Private—Private People Partnership,
Societal Resilience, and Network Governance. An additional one is proposed here:
Public-Private Partnership, which describes a hybrid model of shared public and private
responsibility. This last model is increasingly being identified as critical to mainstreaming
NBS, given the need to reduce the burden for public administrations, while engaging
private actors who hold stakes as co-beneficiaries, and potentially even community
groups through, for example, crowdsourcing, and so forth.

STEP 18: Success conditions. Identify the determinant factors that would enable
successful implementation, including from the experiences of similar examples.
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STEP 19: Barriers to implementation. Identify the elements or factors that could
constrain the feasibility or success in the implementation of the NAS strategy.

2.3. The NAS Canvas Tool: A Visual Representation of NAS’ Service Delivery and Value
Capture Logic

The NAS canvas tool developed for NAIAD is presented in Figure 2, where the color
code of the different elements indicates the source where it originates, namely the
traditional business canvas, the “PPP canvas”, or the NAIAD’s economic cost-benefit
analysis framework [13]. Meanwhile, the brown boxes indicate the five blocks
underpinning the NAS canvas structure: (1) problem, service and value; (2) supply side;
(3) demand side; (4) supply-demand interactions; and (5) final impact.
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Color legend: Red: Traditional business canvas; Purple: PPP business canvas; Green: NAIAD project framework.

Figure 2. NAS Canvas.
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2.4. Application of the NAS Canvas to Demonstration Cases and Validation/Co-Development
with Stakeholders

The NAS canvas tool was applied to three NAS strategies at different scales in three
European sites that served as demonstration cases. Table 1 summarizes the main
characteristics of the three study cases. Data for the different canvas components were
obtained from assessments, interviews, and participatory workshops with stakeholders
carried out in the three demo sites. Hence, the canvases were co-developed with the inputs
of stakeholders, including a preliminary phase of data collection and pre-filling by the
project team, and a secondary phase of discussion, revision, and validation with the
stakeholders via either a participatory stakeholder workshop (Medina del Campo aquifer)
or individual stakeholder consultations (Lez basin and Rotterdam). The economic
estimation of primary values (avoided damage costs or insurance values), secondary
values (value of co-benefits), and costs were obtained from Le Coent et al. (2019) [9]. The
economic framework described by Graveline et al. (2017) [13] was applied to the demos
to carry out a complete cost-benefit analysis, including co-benefit valuation. It should be
noted that in the cited work, there is large variability in the valuation of co-benefits, which
skews the interpretation of the results and hinders any comparisons among the demos.
Therefore, the type of co-valuation method applied is specified in Table 1, and an
explanatory note on how to interpret the results is provided as an explanatory footnote
below the table. Thus, any discussion based on the comparisons of the specific values has
been avoided since it would not be valid. More details on the specific methods and correct
interpretation of the full economic results can be found in Le Coent et al. (2019) [9].

Table 1. Study cases and main features.

R Co-Benefit
Case Name NAS Strategy Name Scale Main Risk Country Valuation Method
D ht
Medina del ~ Change in agricultural practices and rOUgnS, . o .
. Large scale aquifer Spain Qualitative valuation SH !
Campo Aquifer groundwater management .
depletion
. Stated preference
. Development of Green Infrastructure Medium—sub- . .
Lez basin . . Floods France estimation (choice
in the Lez Basin catchment scale .
experiment) 2
Urban Water Buffer, Spangen, Small —urban Pluvial Empirical assessmeths and
Rotterdam Netherlands value transfer using

Rotterdam scale Flooding

literature data 3

1. The method applied to value the co-benefits was a qualitative valuation based on
stakeholders” (SH) perceptions. The perceptions were gathered through two
participatory workshops where representatives of all stakeholder groups (farmers
and farmer associations, river basin authority local government, NGOs, and
academia). The co-benefits were identified and ranked by the impact expected by the
stakeholders and completed by the Medina demo team in the first workshop. Then,
during a second workshop, the highest-ranked co-benefits were valued by the
stakeholders by giving a consensual value on a scale from 1 to 10, 10 being the highest
possible impact achieved and 1 the lowest possible impact achieved.

2.  Co-benefits were estimated with different methods, which are described in Le Coent
et al. (2019) [9]. Only the results of the choice experiment are reported.

3. Co-benefits were estimated using a combination of data taken from the implemented
NBS and value transfer from literature. See Le Coent et al. (2019) [9] for a full
explanation of the methodology applied and the application of the results from a
broader assessment of neighborhood-scale NBS.
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3. Results

Figures 3-5 below present the NAS canvas tool describing the business models for
the three case study NAS strategies, that is, the large-scale NAS strategy in Medina del
Campo Aquifer; the medium-scale NAS strategy in the Lez basin; and the small-scale NAS
strategy in the Spangen district in Rotterdam.

The first NAS canvas in Figure 3 shows the business model of a large-scale NAS to
address drought risk in the area fed by the Medina del Campo Aquifer, in north-central
Spain. The NAS strategy was composed of four measures (as described in Step 5: Key
Activities): a crop change towards high-value, less water-consuming species (NBS), the
creation of Groundwater User Associations (soft non-structural), the control of
groundwater abstractions through meters and surveillance (soft non-structural), and the
raising of environmental awareness (soft non-structural). The first outstanding aspect
relates to the primary service and value, which, in this case, spans beyond the main
drought risk reduction goal to include aquifer restoration, strongly driven by the
requirements of the Water Framework Directive to achieve good groundwater status (Step
3: Regulation). This linked environmental value was a critical objective for the main
stakeholder—the Duero River Basin Authority—and was also prioritized by other
stakeholders, sometimes even higher than the drought risk reduction objective itself.
Therefore, this objective had to be included as a primary value of the main problem that
drove the main potential implementers. This highlights the importance of the multi-value
or multi-functionality nature of NBS, which constitutes one of the strongest comparative
advantages when compared to grey solutions. The second outstanding aspect is the mixed
composition of public and private implementers (Step 4), including the institution
(“Confederacién Hidrogréfica del Duero”, or the Duero River Basin Agency), responsible
for water planning and management and supply and control measures, and the farmers,
responsible for implementing the agricultural-based management measures like crop
change. This partnership was necessary for the strategy to be effective and deliver the
described impacts (Step 15), since, on the one hand, the isolated implementation of
measures by farmers would be insufficient to stop the aquifer’s decreasing trends, while
on the other hand, the application of groundwater management measures alone would
incur insubstantial impacts for the agricultural economy in the area.

The second NAS canvas in Figure 4 shows the business model of a medium-scale
NAS to address flood risk in the Lez sub-catchment in southeast France. The NAS strategy
was composed of five types of NBS measures along the course of the river, mainly urban-
focused interventions in the riverine city of Montpellier (open-vegetated retention basins,
bioswales, green roofs, parking with permeable pavement, and rain gardens) and peri-
urban centers. In this case, the risk reduction primary value alone was considerably lower
than the costs of implementation, and probably insufficient for building the case for
investment. However, the public perception of the secondary values from the co-benefits
was remarkably high, thus largely outweighing the costs, which opened the case to
involve both the direct beneficiaries (Step 10A: Municipality and Citizens) and the indirect
beneficiaries (Step 10C: Insurance Companies) as clients to pay for the solution. Especially
remarkable in this case was the combination of funding instruments through which these
clients contributed, which include taxing and transfer mechanisms such as the GEMAPI
tax (Taxe GEstion des Milieux Aquatiques et de Prévention des Inondations) and the
Barnier Fund. The GEMAPI tax has been levied in France at the municipal level to fund
activities aimed at the prevention of floods and the management of aquatic ecosystems,
and involves, in this case, the direct beneficiaries. Its aim, as long as this responsibility is
decentralized to municipalities, is to ensure appropriate synergies between flood
prevention and the conservation of aquatic systems. It, therefore, represents an
opportunity for the development of NBS. The insurance sector as an indirect beneficiary
could also be involved in NBS funding through the Barnier Fund, a fund in which French
insurance companies contribute 1.4% from all insurance policies for private homes and
cars to be used to fund DRR interventions. These funding opportunities are nevertheless
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tied to the risk reduction benefit of NBS, which is limited according to other co-benefits.
Other opportunities exist to turn these other benefits into funding opportunities. The
Water Basin Agencies, which levies a tax on water bills, is funding activities for the
attainment of the objectives of the Water Framework Directive, highlighted in the
Masterplans for Water Development and Management (SDAGE). This agency has
recently prioritized the funding of urban “deproofing” actions, including the NBS
measures identified in our case study. Finally, municipalities, through their climate
adaptation and green space development strategies, should be mobilized for the funding
of NBS aimed at reducing water risks, considering the synergies previously highlighted.

The third NAS canvas in Figure 5 shows the business model of a small-scale urban
NAS to address flood risk in the Spangen district in Rotterdam city, located in the
southwest of the Netherlands. The NAS strategy included the implementation of a land-
based biofilter with an associated groundwater storage system, using the existing
underlying aquifer. A particularity of this strategy was that the NBS urban water buffer
was fully implemented during the project timeframe, and thus the business model
presented is based on real implementation and reflects the existing situation, rather than
just a theoretical business model. Therefore, unlike the other cases, estimations of risk
reduction values and co-benefits partially correspond to ex-post measurements based on
empirical data. A very relevant result here is the magnitude of both the risk reduction
value and the co-benefits (Steps 2A and 2B), which, summed together, clearly outweigh
the costs of implementation (Step 8A). It should be noted, however, that the co-benefit
assessment was conducted after implementation, and therefore, these insights on the
economic impact of the co-benefits did not play a role in the decision to implement.
Nevertheless, it clearly supports the case for investments by the local municipality and
Water Authority, who together hold the responsibility for addressing the water nuisance
problem in the area, lease the Field Factors systems, and are the clients paying for the
solution (Step 10B). As such, it can inspire the replication of this business model for future
implementations of similar NAS.

In addition, a side analysis of the keys for success and barriers for implementation
(Steps 18 and 19) showed a series of common factors spanning across the three cases. The
keys for success include funding availability (from the EU or other sources) to start or
continue the intervention, cooperation between the stakeholders at different scales, the
proven performance of the efficacy of the measures (critical in the demo where the
solutions have been already applied, for example, Rotterdam), and political will or the
enabling environment. With regards to implementation barriers, the most recurrent ones
are uncertainty about funding for later maintenance; inertia, reluctancy, or a lack of
cooperation from the stakeholders; possible political change or an unwillingness that
blocks implementation; the need for systematic monitoring; lobbying and opposition from
some organizations; and regulatory gaps.
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MEDINA DEL CAMPO NAS STRATEGY: CHANGE IN AGRICULTURAL PRACTICES AND GROUNDWATER MANAGEMENT

CLUSTER C. SUPPLY

CLUSTER A. FLOW OF ES SERVICES

CLUSTER D. DEMAND

4. WHO IMPLEMENTS
Farmers (crop change, conservation practices, WIUAs and mefers)
Confederacion Hidrogrifica del Duero (CHD) (GW monitoring
and farmer awareness raising)
5. KEY ACTIVITIES
Measure 1 (NBS): Crop change + water conservation practices (crop
rotation and mulching)
Measure 2 (Soft): creation of WUAs,
Measure 3 (Soft): Abstractions control through meters and
surveillance
Measure 4 (Soft): environmental awareness
6. KEY RESOURCES
Funds, knowledge/mformation. technical skills and human resources
(CHD), pelitical support, technelogical support, cooperation of
farmers, smooth communication, new agricultural inputs (seeds) and
machinery
7. KEY PARTNERS
CHD

Junta de Castilla v Leon (Regional government)
Itacyl (technical instifute)
Agricultural input retailers
Farmer leaders and farmers
8A. Life cycle costs
Crop change: upfront investment costs, technical assistance
e.g. almond: plant (1.200-3.000 €ha, planting: 2.100€'ha, irrigation:
1.200 €/ha + drip system (3.000 €/ha). Total: 7.500 -9.000 €ha
Q&M treatments + irrigation + pruning + harvesting= 1.925 €ha
year)
Conservation agriculture: low, if not reused, purchase of mulching
material. In trees: cover crops + spring prune: 50 €ha'year
WUAS: for farmers: cost of creation + manager + materials +
technician + protocel information = 100,000 €/year.
For CHD: 500.000 € to provide technical advice (3 years tender)
Monitoring: for farmers: cost of meter purchase (400 €/meter)
Environmental awareness: cost of workshops (5.000 € each)
8B. Opportunity costs
Avoided benefits from other NAS strategies (to be estimated)

1. PROBLEM TO BE ADDRESSED
Impacts from droughts, groundwater overexploitation

2. VALUE PROPOSITION
Reduce vulnerability of agriculture against droughts by reducing farm

water requirements while recovering the aquifer piezometric levels thus

providing an increased offset capacity in case of extremely severe or
prolonged droughts.

2A. Primary 1B. Secondary service and value

service and Maintain economic productivity of agriculture (v: 9),
value Higher water productivity of agriculture (v: 9),
Coping capacity population fixation (v: 6.7)

to drought Improvement of water quality (v: @)
impacts Higher groundwater availability (v: 9)
Avoided cost: Higher organisation, empowertment and legal
11.9-12.09 M€ protection of farmers (v: 9),
Improvement in Higher access to information and environmental
piezometric awareness (v: §)

levels: (0 as to - COn capture (v: 8)

10m in BAU) Biodiversity improvement (v: 7)

CLUSTER B. REGULATORY CONTEXT

3. REGULATION

Common Agricultural Policy (CAP), Programa de Desarrollo Rural de
Castilla v Ledn, Duero River Basin Planning, Nitrates Directive,

Drought directive, Water Framework Directive (WFDY)

CLUSTER E. SUPPLY-DEMAND INTERACTIONS
13. CUSTOMER RELATIONSHIPS
Direct assistance through public participation, personal with
representatives from irrigation communities, direct technical advice.
Comtnunity in the case of WUAs.
14. CHANNELS
BOE Notifications, Official letters and communications
Public participation and information workshops
Direct meetings with WUA presidents

CLUSTER H. IMPACT INDICATORS

9.WHO OWNS THE PROBLEM
Farmers. Indirectly all groundwater users
CHD (compliance with European regulation)

10. CUSTOMER SEGMENTS

10A. Direct 10B. 10C. Extended
Beneficiaries Clients Beneficiaries
Farmers Farmers Insurance sector
CHD (will comply CHD Al water users
with legislation) Tourists
Government (more
taxes collectiot)
Ecosystems

CLUSTER. G. REVENUE STREAMS

11. REVENUE STREAMS
Fees paid by tourists to visit the recovered wetlands and
for bird watching
Increased agricultural tumn overs thanks to greater water
security and crop planning
12. FUNDING
12A, Tariffs: Quotas paid by farmers to form WIUAS
Water tariff
12B. Taxes tax paid to CHD by users, pre-agreed with
users, ex-post
Taxes paid by tourists
Money collected from fines and sanctions for excess
water abstraction
12C. Transfers CHD and Junta CyL budget,
European funds: LIFE Project, FEADER. funds (1.e. for
drip)
Subsidies from CHD or Junta CyL to cover technical
advice for WUA formation and capacity building
sessions, possible support for acquisition of meters.
12D. Private: Funds invested by farmers (purchase of
meters, costs of WUA formation, part of upfront
investment)

- Groundwater exploitation index (EI = 0.8-1)
- Ratio of aquifer surface complying with nitrate and arsenic
concentration standards (<50 mg/L, <10pg/L) (target 100%)

15, KPIS by 2050
Employments in agriculture (+0.03 jobs/ha)
Economic profitability per employment (+5,000 € /emplovment)
-Trend of piezometric levels (0m reduction compared to -10 in BAU
with ET=10.8)

-Farmers that are part of a WUA (target 100%)
-Farmers installing meters (100%)

-Farmers with access to better information (100%)
-Minimum area to grant a salary (10.58ha; BAU:18.7
ha)

Figure 3.

NAS canvas applied to the Medina del Campo aquifer NAS strategy.
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LEZ BASIN NAS STRATEGY: DEVELOPMENT OF GREEN INFRASTRUCTURE IN THE LEZ BASIN

CLUSTER C. SUPPLY

CLUSTER A. FLOW OF ES SERVICES

CLUSTER E. DEMAND

4. WHO IMPLEMENTS

Municipalities, private and public developers, private owners

5.KEY ACTIVITIES
Bioswales (NBS)
Green roofs (NBS)
Open Vegetated Retention Basins (NBS)
Parking with permeable pavement (INBS)
Rain gardens (NBS)

6. KEY RESOURCES
-Funding: The Montpellier Municipality perceives a tax of 3
million euros yearly for the prevention of flooding. Need for
better information on flooding risk and on co-benefits
Department/Region/Europe/Water basin agencies can be
invelved in NBS funding
-Capacity development: training of public workers, awareness
-Operation: green infrastructure specialist, engineering
companies, gardeners, plants and green biomass, strategic
spatial locations. ..

7. KEY PARTNERS

-Private developers
-Municipality and State (impose the rules on urban runoff
management and develop green infrastructure projects)
- Local residents: lobby to support implementation.
-Specialized engineering and bio-architecture companies
who can technically implement these solutions

CLUSTER D. COST STRUCTURE

8A. LIFE CYCLE COSTS
Construction and maintenance costs for green infrastructures

Actualized cost (2020-2040) without opportunity cost: 92-
148ME

8B. OPPORTUNITY COSTS
Land cost for the land occupied by green infrastructure that

cannot be used for other more profitable vse.
Actualized cost (2020-2040): 239-396M€

1. PROBLEM TO BE ADDRESSED

Serious and recurring floed risks mainly caused by runoff, air pollution,
heat island effects

2. VALUE PROPOSITION
ZA. Primary service and 2B. Secondary service and value (10
value (20 years) years)

Overall estimation of co-benefits
evaluated through stated preference
survey for 2020-2040: 366M€

Protection against runoff
risk

Avoided damage costs:
1.30-1.86 M€/yr;
Aggregated value 2020-
2040: 20M€

CLUSTER B. REGULATORY CONTEXT
STEP 3. REGULATION

Since January 2018, the protection of water ecosystems and the
prevention of flooding (GEMAPTI) is under the responsibility of
Municipalities (runoff risk manacement. flood zone definition).

CLUSTERE. SUPPLY-DEMAND INTERACTIONS
13. CUSTOMER RELATIONSHIPS

If implementors are the public sector: automated via website
communications, or co-development via public participation.

If implementors are private entities: direct through contract with payers.
community if the selution is implemented by a community (ie. of
neighbours).

14. CHANNELS
Municipality website, formal letters, public participation, community
meetings, information sessions/workshops

9.WHO OWNS THE PROBLEM
Municipality, residents, farmers, businesses, insurance
companies (indirectly)

10. CUSTOMER SEGMENTS

10A. Direct 10B. Clients 10C. Extended
Beneficiaries Tax pavers, Beneficiaries
Residents of the  municipalities Insurance sector:
Lez Basin, Insurance Insurers are mainly
Farmers, sector (through interested in the
Businesses Barnier Fund) reduction of flood

damages.

CLUSTER F. REVENUE STREAMS
11. REVENUE STREAMS

Co-benefits generated, which are mainly public good should
leverage investment from municipalities/state

12. FUNDING
12A. Tariffs Water tariffs paid by consumers indirectly fund
deproofing actions implemented by Water Agencies.
12B. Taxes The GEMAPI tax in addition to local tax
12C. Transfers The Barnier Fund (financed by a 1.4%
contribution from all insurance policies), other funds
12D. Private investment: Private owners through
investment in water retention and infiltration measures to
meet the municipal standards.
The insurance sector recently considered voluntary
contributions

CLUSTER H. IMPACT

Surface of green infrastructure implemented in the basin (m?)
Reduction of hazard in terms of damage avoided (€/yr) and number of
people exposed (Number of people in flooding areas)

Reduction of air pollutant for NO2, PPM10, PPM2.5, 502 and O3
(Tiyr)

Health impact in terms of reduced mortality and
meorbidity (Number of death avoided/yr, Number
Carbon sequestration (T of C/Y1)

Figure 4. NAS canvas for Lez NAS strategy.
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ROTTERDAM NAS STRATE

URBAN WATER BUFFER, SPANGEN, ROTTERDAM

CLUSTER A. FLO F ES SERVICES
1. PROBLEM TO BE ADDRESSED
Municipality of Rotterdam Water nuisance during heavy rainfall and lack of green in the neighbourhood
5. KEY MEASURES
Construction of retention tanks, biofilter and infiltration and
recovery wells. Monitoring of water quality to maintain
infiltration permit. Automated operation.

6. KEY RESOURCES
Stakeholder engagement; technical expertise; climate
adaptation policy programmes.

2. VALUE PROPOSITION
Capturing and storing rainwater to avoid water nuisance, while creating a new
local source for high quality freshwater supply with one integral solution.

2A. Main service and value 2B Other services and values

1400 m? of retention to reduce Reduced pumping requirements: €75,000%
local flood risk = €700.000° Energy savings from reduced water

Alternative local water source, production: £44.0002

supplying 15,000 m? of filtered Emissions savings: €8,000°.
rainwater per year to Sparta Increased greenery and improved aesthetics
football stadium = €682,0007  resulting in higher property values: €561,0008

Increased water awareness

7. KEY PARTNERS
Operators: Evides| Water Utility:
End-users: inhabitants, Sparta Stadium;
Regulator: Water Authority Delfland
Implementing partners: TKI Urban Waterbuffer Consertium

CLUSTER B. REGULATORY CONTEXT

3. REGULATION
Broader context - Municipal water Plan (2011); Municipal Water Plan
(revised, 2012), Rotterdamse Adaptatiestrategie (2013); Resilient Rotterdam and
Water Sensitive Rotterdam Programs
Specific relevant regulations - Groundwater legislation (see STOWA rapport
35A, 2015 — Ondergrondse Waterberging Infiltratiebesiuit bodembescherming
2009)

CLUSTER D. COST STRUCTURE

8A. Life Cycle Costs (50 year timeframe)
Capital expenses: €1 245 876

Regular maintenance: €425,089

Capital maintenance: €16,326

Direct support: €10,000

CLUSTER G. SUPPLY-DEMAND INTERACTIONS

13. CUSTOMER RELATIONSHIPS
Long term partnerships, Consortium Agreements, Operation & Mamntenance

Indirect support: €18,000 contracts
Total: €1,715.201 14. CHANNELS

$B. Opportunity costs Direct communication, stakeholder meetings, docpmentation and reporting on
Land where 90 m? biofilter is located cannot be used for other system performance.

purposes (land value of €372/m?) = €33 480
CLUSTER H. IMPACT

15. KPIS
Number of separated sewer overflows to surface waters / year; Target: < 2 per year
Amount of infiltrated/stored water; Target: 30,000 m¥/vear
Amount of water supplied; Target: 15,000 m’/vear
Quality of water after treatment; Target: Ongoing compliance with legislation on water quality for infiltration and reuse.

E. DEMAND

9.WHO OWNS THE PROBLEM
Municipality and inhabitants

10. CUSTOMER SEGMENTS

10A. Direct 10B. Clients 10C.
Beneficiaries Municipality of  Extended
Local Rotterdam, Beneficiaries
residents, Hoogheemraad  End user of
Local schap Delfland the water
Businesses Waterboard  (local football
club)

CLUSTER F. REVENUE STREAMS

11. REVENUE STREAMS
End user of water (football club) - pay for water
supply

Residents - increased tax revenue through higher
property values

Water Utility - In kind contributions: operational
responsibility in exchange for exploitation of
water well

12. FUNDING
12A. Tariffs - Water tariff of €0 01/m? to cover
operational costs
12B. Taxes — Indirect funding through water
taxes
12C. Transfers - Innovation fund (case specific)
12D. Private

C

1. Estimates from site data; 2. Value over 50 years, energy use of avoided water production = 0.35 kWh/m? [17], electricity =€0.17/kWh; 3. Value of retention = €500/m? [18];
4. Value over 50 years, avoided pumping costs = €0.05/m? [19]; 5. Value over 50 years, electricity = 569 g CO2/kWh [20], carbon price of €54/ton [21]; 6. 4% increase on 100
households nearest to the urban water buffer [22], average property WOZ value in Spangen = €140,233 [18]; 7. Value over 50 years, water tariff = €0.91/m*

Figure 5. NAS canvas for Rotterdam NAS strategy.
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4. Discussion

The importance of feasible and innovative business models for financing and
mainstreaming NBS implementation, as well as the need for tools and approaches to
identify these, has been increasingly raised by various institutions that assess and promote
the role of NBS in a green and sustainable economy and recovery [23-25]. These include
some national and supranational governmental institutions, such as the European
Commission [26]. A proof of this is the inclusion of research lines to explore the business
model potential for NBS in most of the NBS-based projects funded under several calls of
the Horizon 2020 program since 2016. These initiatives have resulted in an array of new
or adapted tools to describe NBS-related business models. Some examples include
different adaptations of the traditional business model canvas [7,8,27-29], as well as
catalogs of successful examples documented around the world [30,31]. Although these
might appear similar, in fact, each of these tools has been developed with a different focus
and applied to different contexts and scales, and thus, they provide different features that
may be better suited and specific to some NBS projects than to others. Table 2 provides an
overview of some of the most recent tools on business models for NBS, highlighting their
focus and scales of application.

Table 2. Overview of some of the emerging tools to identify business models for NBS

Business Model Tool Focus Scale Source
Naturvation business model Urban NB.S: air quality, water Urban (291[31]
catalogue and puzzle quality, heatwaves
: Busi
Connecting Nature Business Generic for all NBS Multiscale 8]
model canvas
Think Nature NBS-business Urban NBS Urban 7]
Canvas
PPP canv.a s by Inclusive Ecosystem services Multiscale [14]
business hub
Triple-layered business Actions tovx./ard.s Pusiness Multiscale 27]
model canvas approach sustainability
UNALAB approach: Urban green measures (roofs,
traditional business model  gardens, permeable surfaces); Urban [28]
canvas and urban river restoration
DRR- and CCA-related NBS This
NAS Canvas strategies (NAS: natural Multiscale
paper

assurance schemes)
Note: The blue cell highlights the NAS canvas presented in this paper and its
differential features.

Table 2 illustrates where the NAS canvas stands and how it differentiates from other
existing tools, as the only one tailored specifically for DRR- and CCA-related NBS and
strategies (composed of one or several measures) at any possible scale, from large basins
and aquifers to localized interventions in urban areas. This specific suitability stems from
the application of the NAIAD framework across nine demo cases that spanned different
geographical scales (neighborhood, urban, medium, and large-scale catchments), which
accounts for the assurance and insurance values as risk reduction or avoided damages
and costs as the primary services and main value provided by this type of NBS, whose
accountability is critically important to provide evidence of their effectiveness, not only in
biophysical terms but also in economic and social terms.

However, examples such as the Lez Basin case also highlight the critical importance
that the value of co-benefits can play to make the case for investment and implementation,
especially if compared with purely grey infrastructure alternatives [32]. A second
differentiating feature is the inclusion of funding-related information that enables the
economic case to connect with the financial case, providing an indication for investors and
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beneficiaries of the possibilities for blended finance, which may reduce the individual
investment burden on a single actor and the high-risk perception holding back some
venture capital and long-term investors. A third critical feature is the inclusion of impact
indicators showcasing performance indicators in environmental, social, and economic
terms, which aims to overcome one of the more recurring barriers, that of “a lack of
measurable evidence” put forward by public procurers when considering NBS as an
alternative or complement to well-known grey solutions [33,34]. Furthermore, the
quantification of values, costs, and impacts within the NAS canvas is a valuable feature
because it provides a clearer, simpler, and summative way to document complex
information, which makes it a valuable communication tool.

The application of the NAS canvas to three cases in different contexts and project
stages—from the identification and design of strategies in Medina del Campo and Lez
through the market readiness and actual implementation in the case of Rotterdam—
showed the flexibility and replicability of the tool, which can be applied to any NAS and
NBS strategies in different contexts. Furthermore, the tool could potentially be also
applied to NBS strategies that are not primarily aimed at risk reduction but have a primary
objective, such as water security, by adapting the main problem to be addressed and its
main value. The tool is easy to use and geared to project developers and promoters,
scientists, technicians, NGOs or private non-profit organizations, and public bodies and
decision-makers who are interested in exploring possible business model alternatives for
an NBS strategy or a specific NBS in a particular project (including hybrid options that
mix green and grey). The project stage will probably determine the level of detail of the
information to be included in the canvas, that is, whether quantification is possible. In the
earlier stage of the project, a qualitative description may be sufficient, while a fully
quantified characterization should be pursued for projects in the last stages of the project
cycle preparation. Thus, the context, the resources available, and the goal pursued should
determine the level of detail and complexity characterized for the various components.
For instance, in the case of developing countries where the biophysical data or records on
disaster damages may be scarce or non-existent [35], the level of detail or accuracy of the
value proposition and impact estimates may be lower. In these cases, the usefulness of the
canvas as a tool is to provide a comprehensive and structured set of elements to guide
promoters in designing an operational business model by eliciting the value and impact
of the NAS. At this stage, it can help in diagnosing the information gaps and missing
elements required to build the business model and guide on the next steps. For improving
the quality of the information included in the NAS canvas, it is still important to improve
the methods to quantify the impacts and to value the ecosystem services (co-benefits)
generated by the NBS proposed. The NAS canvas also has the advantage of being able to
include non-monetary values (see the example of Step 2B from the Medina del Campo
case, in Figure 3), which can be especially important for valuing cultural services.

An important difference from the comparison of the three cases was observed when
considering the institutional arrangements needed to implement the different NBS in each
specific situation. The case of Rotterdam presents a small case, with a limited number of
key partners and a well-defined decision structure. In the case of Medina del Campo, the
implementation of the proposed NBS will imply the participation of a high number of
actors, from hundreds of farmers (organized in several associations with different
interests), to different scale administrative units (from the municipal to the regional and
national levels), and to administrative units with some competing interests (e.g., the
agrarian vs. the water bodies). These examples show how the needed governance
arrangements can make big differences in the implementation of NBS.

Finally, an additional and differential element providing an added value to the NAS
canvas results in any context is the co-creation and validation process with the
stakeholders. In the application examples shown in this paper, the canvas was directly or
indirectly (through inputs from interviews) developed and validated in conjunction with
many of the affected stakeholders. This allowed the inclusion of important, rich,
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qualitative context data and information grounded in reality, and the identification of the
different roles and interests from the different agents in a collective dialogue (e.g., as
responsible for the problem or for the implementation of the solution, as beneficiaries with
an active interest in the solution and with or without a willingness to pay, as well as the
identification of possible barriers or enabling conditions that would help make the
resulting business model be viable). Furthermore, it raised awareness and buy-in of the
results, as well as fostering creative thinking and consideration of some existing or
potential alternatives to the traditional options; for example, in the Medina case, selling
high added value legumes as a small, local initiatives helped to identify innovative
business models and new revenue streams.

5. Conclusions

The NAS canvas methodological framework and tool have been presented as
comprehensive, user-friendly, and flexible tools specifically tailored for the identification
and description of viable business models for NBS projects and NAS strategies aimed at
disaster risk reduction (DRR). The application of the tool to three NAS strategies targeting
different contexts (northern and southern European countries), scales (large regional,
catchment, and urban), risks (floods and droughts) and development stages (from
identification and formulation to full implementation, monitoring, and evaluation) proves
it to be a flexible and usable tool, as well as efficient in helping to identify, in a logical,
sequential flow, the elements, agents, and roles required to build a viable business model.
Meanwhile, the co-creation and validation of the results with relevant stakeholders
reinforces the communication and buy-in for the NAS strategy, helping to generate
consensus and ownership around the co-created results. Finally, adding a layer with the
quantified estimations of values (primary risk reduction value and co-benefits), costs
(lifecycle and opportunity costs), and impacts (through key performance indicators) helps
to document the evidence required to make the case to attract the interest of different
types of investors, depending on the balance of the benefit-impact matrix and the
beneficiary portfolio.

Overall, the tool aims to provide support to decision-makers (e.g., cities, catchment
managers, and regions), project developers, funders, and NGOs and NBS developers to
support the exploration, promotion, and implementation of NAS projects by providing
guidance on the identification, visual organization, and communication of the elements,
actors, roles, and impacts, as well as possible funding and revenue streams, to build a
business model that is viable and can self-sustain in the long-term to attract the initial
investment required.
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