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Chapter 1
Concepts in Water Security, Natural 
Assurance Schemes and Nature-Based 
Solutions

Peter van der Keur, Nora Van Cauwenbergh, Elena López Gunn, 
Jonatan Godinez Madrigal, Philippe Le Coent, and Raffaele Giordano

Highlights This chapter illustrates how nature-based solutions, operationalized in 
natural assurance schemes can increase water security using the readiness level con-
cept to address barriers to implementation

• The concept of water security strategies in the context of water related hazards 
and mitigated by Nature-based Solutions is analyzed and conceptualized in 
Natural Assurance Schemes

• Operationalization of Natural Assurance Schemes are tailored to the specific 
regulatory context of the insurance sector and its stakeholders

• Readiness levels with respect to technology, institutions and investment are 
developed to address and overcome barriers to implement Nature-based Solutions 
and Natural Assurance Schemes.
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1.1  Introduction

In the face of the looming water crisis, the concept of water security has been posi-
tioned by many nations and international organizations as a major societal objective 
in recent years. But given the importance of water security, how can we define this 
concept? What does water security mean in practice, and how does it relate to eco-
systems and nature-based solutions? In a way, water security seems to be negatively 
defined as the avoidance or absence of water crises, conflicts or even wars (The 
World Climate and Security Report 2020). However, the scientific community has 
proposed more elaborate definitions of this concept. Table 1.1 offers four different 
definitions based on four approaches to water security we have identified in the lit-
erature review.

This chapter will first introduce a brief discussion on the concept and framing of 
water security, then introduce the concept of assurance schemes to present the readi-
ness approach (Fig. 1.1) adopted in our case studies and finally conclude by present-
ing the main questions that will be addressed in this edited book.

Table 1.1 Approaches and definitions of water security

Approach Reference Definition

Water availability 
and reduced risks

Grey and 
Sadoff (2007)

Water security is the availability of an acceptable quantity 
and quality of water for health, livelihoods, ecosystems and 
production, coupled with an acceptable level of water- 
related risks to people, environments and economies”

Sufficient, safe 
and efficient 
supply of water

Falkenmark 
(2013)

Water security is, therefore, essential for a society’s survival, 
health, and prosperity. Scarcity of water or difficulty to 
safeguard access, is consequently an obstacle and functions 
as a bottleneck in socioeconomic development.

Rijsberman 
(2006)

Water security is sufficiency of water supply for humans. It 
exists when access is secured to sufficiently safe and 
affordable water to satisfy individual needs for drinking, 
washing, and livelihood.

Social equity and 
link to other types 
of security

Zeitoun 
(2011)

Sustainable water security is interpreted as a function of the 
degree of equitability and balance between the six related 
security areas (human-community security, national 
security, climate security, energy security, food security, 
water resources security), as this plays out within a web of 
socioeconomic and political forces at multiple spatial levels.

Governance for 
equitable access 
of people and 
ecosystems

Boelens and 
Seemann 
(2014)

Water security refers to people’s and ecosystems’ secure, 
sustainable access to water, including equitable distribution 
of advantages/disadvantages related to water use, 
safeguarding against water-based threats, and ways of 
sharing decision-making power in water governance.

P. van der Keur et al.
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Water for Human Well-being
Human Right for Sufficient,

Affordable
and Safe Access to Water

for Drinking,
Sanitation and

Hygiene
Needs

Economy
and

Development
Sufficient Water Supply
For Food and Energy

Production,
Industries

and Services
Climate
Hazards

Adaptation and
Mitigation

Measures to Decrease  the
Impact of Extreme Meteorological

Events and Reduce Their
Socio-economic costs

Ecosystems

Investment Readiness
Cost-Benefits
Business models

Provision of
Environmental Flows
To Protect Nature and

Its Services

Technology Readiness
Assessment
Tailoring

Institutional Readiness
Governance
Political Stability

Evidence

Fig. 1.1 Water security concept (modified from UN- water.org, 2013) Ecosystems-based adapta-
tion (EbA) and Ecosystem Disaster Risk Reduction (ecoDRR) have enormous potential for reduc-
ing losses and damage from natural hazards and therefore contributes to water security

1.2  The Evolution of the Concept of Water Security

The concept of water security has evolved over the last twenty years to incorporate 
different aspects of, and also as an answer to, certain criticisms and shortcomings 
from earlier conceptualisations. Table 1.1 summarises this evolution which we dis-
cuss now to frame natural assurance schemes as part of water security and place 
special emphasis on environmental and social dimensions.

A first approach by Grey and Sadoff (2007) defines the concept of water security 
in terms of ‘acceptable quantity and quality´, such approaches promote large grey 
infrastructure such as dams and water transfers as a vital strategy to address water 
scarcity, but as is demonstrated in e.g. the case study of Rotterdam (Chap. 16, this 
volume), nature-based solutions can complement rainwater harvesting to mitigate 
the effects of cloudburst generated flooding with water storage to anticipate water 
scarcity. A similar definition of water security is provided by UN- water.org (2013) 
(Fig. 1.1). Therefore, water insecurity is not a matter of scarcity of water resources, 
but rather the absence of storage, including green infrastructure, to increase water 
supply and provide water availability at certain times of the year when it is most 
needed, e.g. for irrigation.

1 Concepts in Water Security, Natural Assurance Schemes and Nature-Based Solutions
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Despite the criticisms of the social and environmental costs of large infrastruc-
ture (Garandeau et  al. 2014; Jeuland 2010; Molle and Floch 2008; Wang et  al. 
2014), it is argued that some countries still need the benefits from this built infra-
structure, and cannot be replaced by ‘green infrastructure’ if they are to support the 
needs of a growing population (Koutsoyiannis 2011; Muller et al. 2015), but hybrid 
solutions where green and grey solutions complement each other have large poten-
tial. Four categories of key challenges for water security are identified in Investing 
in Nature (2019): surface water quality, groundwater quality, flooding, and droughts 
and water scarcity.

These approaches are important in the cases studies included in this book, but 
can easily be extended to e.g. the region of Central America and the Caribbean 
(Mysiak and Calliari 2013) or elsewhere in disaster-prone regions or increasingly 
focus on the need to adapt throughout the world (Hare et al. 2014; Van der Keur 
et  al. 2016). Institutional factors, including combinations of international agree-
ments, national regulations and planning, as well as local level capacity develop-
ment can facilitate substantially the adoption of ecosystems-based approaches. 
Notably nature-based solutions operationalized in natural assurance schemes (NAS) 
have value in protecting human lives and infrastructure against the effects of natural 
hazards while offering substantial co-benefits like biodiversity, carbon sequestra-
tion, better health. Urban and regional planning and natural resource management 
are important areas that can play a central role in the enhancement of ecosystem 
services. The positive correlation between enhanced ecosystems and poverty reduc-
tion warrants more attention as the poor are frequently the most vulnerable to the 
effects of disasters (Hare et al. 2014).

Ecosystems are constituting components of the natural and semi-natural environ-
ment, and a source of vital services, benefits and goods to humankind. Ecosystem 
services (ES) inhabit provisioning, cultural, supporting and regulating properties 
and embody the benefits people obtain from ecosystems that are eventually trans-
lated into valuable goods. The ES regulatory services thus include natural hazard 
mitigation and contribute effectively to tackling the drivers of social and economic 
vulnerability to natural hazards. Ecosystem services delivered by NBS are often, as 
illustrated in case studies in this volume, a more cost-effective way of dealing with 
climate extremes than ‘hard infrastructure engineering solution (grey) alone and 
where nature-based solutions can supplement grey as hybrid solutions (e.g. 
Kazmierczak et al. 2020; Browder et al. 2019; Mysiak and Calliari 2013).

A second approach emphasizes that water insecurity is the result of context- 
specific increasing rates of population and economic growth and their relation to 
water utilization, consumption and availability. This approach considers a more 
dynamic and complex conceptualization of water insecurity by adding water crowd-
ing (number of people per million cubic meter per year) as a key indicator and link-
ing the concept to food security. Falkenmark (2013) argues that there is an inexorable 
link between water scarcity and human and food security with projections to 2050 
estimating a “carrying capacity overshoot in water-short countries with continuing 
population growth and therefore, meaning that there will be a massive dependence 
on food imports”. Vörösmarty et al. (2010) estimated that nearly 80% of the world’s 

P. van der Keur et al.
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population suffer high levels of water insecurity, specifically regions of intensive 
agriculture and dense settlements. In practice, this approach promotes two key strat-
egies to bring about water security: vital large infrastructure as the main approach, 
but adding improved efficiency of water use as a key strategy, especially for 
agriculture.

A third approach to water security is related to the second one by emphasizing 
the importance of agriculture in the quantity and quality of available water. Allan 
(2013) criticises the apparent invisibility of the food-water relation and the pressure 
that is put on farmers, which in his view are ‘society’s water managers’, to decrease 
their water use in favour of more productive uses often localized in cities (Molle and 
Berkoff 2006). However, this approach departs from the previous one by also incor-
porating other dimensions, such as household water security, urban water security, 
environmental water security, resilience to water-related disasters and economic 
water security (Van Beek and Arriens 2014). This approach acknowledges water as 
a highly complex natural resource that reaches out to other important issues and 
dimensions, whereby urban water security, often conceived as the main target, is 
just a fraction amidst the great challenges of “water for food, water for nature, sus-
tainable use of water resources, closing water and nutrient cycles […]” 
(Savenije 2002).

In the context of this book, important aspects of water security related to water 
related hazards and mitigation by means of nature-based solutions, are analysed, 
conceptualised and operationalised in natural assurance schemes. Following this 
idea, Zeitoun (2011) argues for the need to go beyond water, and conceive water as 
a web, in which food security, energy security, climate security, human/community 
security and national security are also included. In Chap. 7 (Basco-Carrera et al., 
this volume) IWRM is, in line with the third approach, elaborated for providing the 
guiding principles to achieve water security for all by means of strategic planning. 
Water security is here defined as the capacity of a population to safeguard sustain-
able access to adequate quantities of acceptable quality water for sustaining liveli-
hoods, human well-being, and socio-economic development, for ensuring protection 
against water-borne pollution and water-related disasters, and for preserving eco-
systems in a climate of peace and political stability (UN-Water 2013).

The fourth approach we identified, is a social perspective on the concept of water 
security. Bakker and Morinville (2013) analysed the role of social power, or power 
relations, as another cause of water insecurity besides “poor management decisions, 
suboptimal processes, insufficient science, and evolving environmental pressures”, 
and conclude that vulnerability and uneven water security emerges from the exclu-
sion of stakeholders from decision-making processes. The approach criticizes strat-
egies that advocate for seemingly uncontroversial desirable objectives such as 
increasing water efficiency by promoting controversial measures such as water util-
ity privatizations, which have been widely promoted by international institutions 
like the World Bank. Some of the unintended consequences of these measures is the 
worsening conditions of large sections of the population once the private water util-
ity takes over (Bakker 2013: 215). This approach brings back the political dimen-
sion of water security, when other approaches intend to depoliticize agendas that 

1 Concepts in Water Security, Natural Assurance Schemes and Nature-Based Solutions

https://doi.org/10.1007/978-3-031-25308-9_7


6

include large grey infrastructure as a vital component of water security without 
considering alternatives to large grey infrastructure nor the uneven distribution of 
costs and benefits of large grey infrastructure across different sectors of society and 
natural systems (Boelens and Seemann 2014; Godinez-Madrigal et al. 2020). The 
focus of this book is to compare such grey infrastructures to smaller green interven-
tion measures and the protective function of green infrastructure functions and its 
services.

Despite the multiple socio-ecological costs associated with grey infrastructure, 
the discursive power of the State to ‘securitize’ certain agendas may close social 
debates and the decision space, thereby depoliticizing water problems and what to 
do about them (Molle 2009). This political reality is important when discussing 
nature-based solutions, because when decision makers consider which kind of strat-
egies are best suited to bring about water security, they may be biased towards tried- 
and- true large grey infrastructure given the risk aversion of many water managers 
and utility managers to explore different strategies (Marlow et al. 2013). However, 
when considering water security as a complex multi-dimensional concept, one-size 
fits-all, and one function only solutions may entail multiple pitfalls in related dimen-
sions of water security.

Figure 1.2 shows this increasing level of complexity and new dimensions added 
with the evolution of the concept. New transdisciplinary knowledge has lately been 
developed that sheds light on the importance of considering a more complex 
approach to water security. In natural sciences, recent research has contributed to 
the understanding of long-term unintended consequences of large grey infrastruc-
ture in societies such as reservoirs, drainage networks and levees. The ‘reservoir 
effect’ emerges when societies over-rely on large water transfers for their water 
supply, an unintended consequence of the long-term dependency of societies to res-
ervoirs and their increasing vulnerability to hydro-climatic events (Di Baldassarre 
et al. 2018). The ‘levee effect’ emerges when levees are built to protect societies 
from flooding, but in turn diminishes social memory over larger periods of time by 

Fig. 1.2 Evolution of conceptions of water security and related strategies. (Source: authors’ own)

P. van der Keur et al.
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giving a sense of unfounded sense of security that can backfire with an extreme 
hydro-climatic event (Di Baldassarre et  al. 2013). In the social sciences, recent 
research shows that large infrastructure can trigger intractable social conflicts that 
forestalls the development of any kind of solution, while urban water systems con-
tinue to deplete groundwater with increasing socio-ecological costs (Godinez- 
Madrigal et al. 2020).

This knowledge may force decision makers to reconsider alternatives to large 
grey infrastructure. Raymond et al. (2017) argues that nature-based solutions not 
only have the potential for bringing about the benefits purported by grey infrastruc-
ture, but also bring about socio-ecological co-benefits along. Therefore, in the pur-
suit of resilient societies and urban and rural water systems, the decision space 
needs to include nature-based solutions as necessary components to bring about 
water security, understood as a complex, multi-dimensional and transdisciplinary 
process.

1.2.1  The Assurance and Insurance Value of Ecosystems

Ecosystems have a value based on their sustained capacity to maintain their func-
tioning and production of benefits despite any disturbance by reducing risks to 
human society caused by e.g. climate change related excess precipitation, tempera-
ture or by natural disasters. In the context of NAS, the value of ecosystems is under-
stood as the extent to which nature-based solutions operationalised in natural 
assurance schemes reduce water related risks from e.g. extreme events while at the 
same time provide co-benefits including increased health (physical and mental), 
increased attractiveness of living areas, especially in cities, and also benefits as 
improved water quality and quantity. The latter can be exemplified by e.g. re- 
infiltration and recharge to groundwater contributing to water quality and quantity 
respectively.

“Natural Assurance Schemes” (NAS) build on the potential that ecosystems have 
in reducing damage costs by mitigating water related risks, notably floods and 
drought under climate change, and increasing resilience of society. Natural assur-
ance schemes are thus framed under the ecosystem services concept, i.e. the benefits 
people obtain from ecosystems, implemented as nature-based solutions for risk 
reduction and accompanying co-benefits. In general, ecosystem services include 
provisioning services such as food, water, timber and fiber; regulating services that 
affect climate, floods, disease, wastes, and water quality; cultural services that pro-
vide recreational, aesthetic, and spiritual benefits; and supporting services such as 
soil formation, photosynthesis, and nutrient cycling. Burkhard et al. (2012), define 
ecosystem services as the flow of materials, energy, and information from natural 
capital stocks, which combined with manufactured and human capital services to 
produce human welfare, which gives centrality to the concept of natural capital to 
human well-being.

1 Concepts in Water Security, Natural Assurance Schemes and Nature-Based Solutions
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1.2.2  The Concept of Natural Assurance Schemes

The underpinning concept for this edited volume is that of a natural assurance 
scheme or NAS. The NAS concept is itself based on the concept of natural assur-
ance value, previously defined as the reduction of risks that natural systems can 
produce and associated benefits. The protective value of NAS must be economically 
and financially viable and include the multifunctional aspects of nature-based solu-
tions, i.e. the primary function of mitigation and avoiding damages as well as 
accompanying co-benefits.

Assurance and insurance refer to a risk transfer mechanism, where a premium 
payment by a household, company or community to an insurer in return for having 
to reimburse their clients after a disaster occurs. Assurance generally applies to 
persistent coverage over extended periods of time or until death, whereas insurance 
refers to coverage over a limited amount of time. The insurance companies deal 
with natural hazards by modelling and pricing risks and therefore a strong knowl-
edge on natural hazards is required by insurers to be able to face shocks and change 
induced by natural hazards under climate change. That compensation role is crucial 
for the national economy resilience. The insurance industry has a key role in pro-
tecting society from natural disasters throughout the insurance coverage providing 
financial support to society to reestablish itself as quick as possible, limiting damag-
ing economic domino effects.

Natural Assurance Schemes denote a range of institutional, technological and 
financial mechanisms to operationalize the value of green infrastructure in the 
green/grey mix of mitigation against water risks. Natural assurance schemes are 
devised, with stakeholders, based on locally relevant but EU-wide physical, socio- 
cultural and economic valuation and could constitute a mechanism to finance the 
mitigation of risks through targeted investment of a proportion of insurance 
revenues.

Operationalization of these natural assurance schemes for the primary benefits of 
risk prevention and reduction and associated co-benefits must be tailored to the 
specific context and regulatory settings. The insurance industry is a heavily regu-
lated industry at national level, and marked by high competition and range from the 
fully solidarity based, more hybrid systems to fully private (Fig. 1.3).

Fig. 1.3 Insurance models from fully public to fully private. (Source: authors’ own)

P. van der Keur et al.
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The design of a natural assurance scheme entails a series of different steps: (i) to 
undertake a robust physical assessment of the hazard and exposure and subsequently 
identify preferred and socially acceptable nature based strategies for stakeholders 
including an effective and a viable business model and financing scheme; (ii) to 
consider the potential role of notably the insurance industry in these natural assur-
ance schemes which may include investors, data providers and other information 
facilitators to focus on potentially increased risks of natural hazards as a conse-
quence of increased exposure and vulnerability compounded by climate change.

Improved understanding of natural assurance schemes can help develop Climate 
Resilient Investments. A climate-resilient investment is an investment that results 
from a process where governments, planners and developers integrate climate 
change in project planning and design, including climate finance (UNFCCC 2018) 
from relevant sources such as the Green Climate Fund, green bonds and now under 
the EU Green Deal. The proper integration of climate change in the planning and 
design of infrastructure investments including green infrastructure and hybrid infra-
structure, may considerably reduce the risk of damage to national assets.

1.3  Readiness Level Concepts to Overcome Barriers 
and Implement NBS and NAS

When operationalizing the value of ecosystems in natural assurance schemes, a 
number of barriers have to be overcome. Those barriers relate to the technical, social 
and economic dimensions. Nesshöver et al. (2017) identified the following key ele-
ments and drivers needed to operationalize NBS and ensure its integration in cli-
mate adaptation plans: (i) dealing with uncertainty and complexity (e.g. by adaptive 
management); (ii) involvement of multiple stakeholders; (iii) use of multi- and 
transdisciplinary knowledge; (iv) common understanding of multifunctional solu-
tions, trade-offs and natural adaptation; and (v) evaluate and monitor for mutual 
learning. Moreover, in a multiple case study analysis of NBS implementation in 
European cities by (Frantzeskaki 2019) highlights that NBS require multiple disci-
plines for their design, diversity (of settings) for co-creation and recognition of the 
place-based transformative potential of NBS as ‘superior’ to grey infrastructure. In 
this book, we build on the concept of NBS readiness by Van Cauwenbergh et al. 
(2020) and frame the operationalizing of insurance value of ecosystems as a process 
of increasing readiness for the implementation of NBS, rather than framing it as a 
process of overcoming barriers, and management of uncertainty, that may hamper 
integration in climate adaptation plans.

Three types of readiness are considered: (1) Technology and Knowledge readi-
ness – linked to barriers on knowledge and performance (generation of evi-
dence) + inclusion of certain benefits such as aesthetic appeal in the design– related 
to setting up an appropriate level of experimentation in a context of trust; (2) Socio- 
Institutional readiness – linked to barriers on acceptance, trust, handling uncertainty 

1 Concepts in Water Security, Natural Assurance Schemes and Nature-Based Solutions
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and ambiguity, multi-functional solutions and coordination, as well as innovative 
regulatory frameworks to deal with the inherent uncertainty of NBS and potential 
liabilities; and (3) Investment readiness – linked to capturing multiple values and 
valorizing the multiple benefits in public-private-people partnerships.

1.3.1  Technology and Knowledge Readiness

Technology readiness levels (TRL) were developed by NASA in the 1970s, as a 
common way was needed to describe the maturity and state of flight readiness of 
technology projects for which a 9-level description in a thermometer analogy was 
invented. TRL is widely used in industrial sectors that want to gauge the develop-
ment and prospective market value of innovative developments as well as by poten-
tial investors or users of the technology as it gives an indication of utility of reliability 
(Webster and Gardner 2019).

TRL are also used by funding agencies, as a guideline for researchers, developers 
and innovators to target technology toward higher TRL. In its Horizon 2020 and 
Horizon Europe  research and innovation framework, the EC foresees the use of 
TRL for non technological development. Figure 1.4 shows the different TRL levels, 
based on NASA and including some additional explanation to understand the 
definitions.

In the context of this book technology is defined not only as bio-physical compo-
nents of the NBS and interaction with the natural environment, notably the hydro-
logical cycle and related risks. Technology is also considered as a body of knowledge 
and general perception of the multi-functional performance of NBS by diverse 
stakeholder groups, in analogy with (Arthur 2010).

1.3.2  Institutional Readiness

The concept of Institutional Readiness Level (IRL) follows Webster and Gardner 
(2019) as a combination of 8 categories that have to be fulfilled for readiness to be 
achieved: (1) demand for technology, (2) strategic focus, (3) relative need and ben-
efit of the new technology, (4) (e)valuation processes in place, (5) IRL enacted 
through specific enablers within and outside of the organization, (6) receptivity, (7) 
adaptive capacity and (8) sustainability (see Table 1.2 below). Originally developed 
in the field of philanthropic studies to understand which features and characteristics 
are more likely to improve the ‘success’ of an organisation, Barnes and Brayley 
(2006) and Webster and Gardner (2019) applied the concept to the field of regenera-
tive medicine. In this book it is applied to mainstream NBS as a novel technology/
approach in climate adaptation.

Contrary to the TRL which uses a numerical scale, the IRL categories in Table 1.2 
differ in levels of maturity expressed qualitatively. Each of the categories needs to 

P. van der Keur et al.
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Fig. 1.4 TRL levels

be at a sufficient level of maturity or readiness for socio-institutional readiness to be 
achieved. At the core of IR is the existence of an effective communication between 
stakeholders as well as pluri- and transdisciplinary cooperation to capture the multi- 
functional character of NBS and translate it into a fair and sustainable distribution 
of its multiple benefits. This means that in order to successfully integrate NBS in 
water related risk strategies, substantial coordination across municipal or sectoral 
organizations is needed as discussed by Van Cauwenbergh et al. (2021).

1 Concepts in Water Security, Natural Assurance Schemes and Nature-Based Solutions
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Table 1.2 Key aspects of institutional readiness levels for NBS

Institutional readiness levels 
(IRL) category Operational definition

Demand for NBS Institution has key actors engaging with and identifying new NBS 
that meet field/organizational needs in CCA, DRR and 
Water Resources Planning (WRP)

Strategic focus Institution has identified potential NBS and determined their 
relationship with existing technologies and grey infrastructure to 
achieve water-related security and resilience

Relative need and benefit of 
NBS

Institution has key actors assessing the capacity to take-on and 
develop new technologies within current and future contexts

(E)valuation processes in 
place

Assessment of the (diverse) values of NBS are undertaken and 
shared

IR enacted through specific 
enablers within and outside 
of the organization

Key individuals/groups are formally tasked to enable adoption 
especially with regard to meeting standards and regulatory 
requirements

Receptivity Novel institutional structures are created, in anticipation of 
expected challenges / affordances presented by NBS. These 
structures reflect the need to retrain staff, the construction of new 
innovation spaces and new technology platforms.

Adoptive capacity NBS aligns with institutional priorities and organisational 
capacities. Initial problems and unanticipated challenges/
affordances are identified and seen to be manageable

Sustainability NBS is routinely produced/used/assessed within institutions. 
Current institutional arrangements and resources are sufficient for 
routine and ongoing production, assessment and deployment

Adapted from Webster and Gardner (2019)

1.3.3  Investment Readiness

While academia and increasingly policy makers are promoting NBS as a cost- 
effective way to address floods, droughts and climate change resulting in economic, 
social and environmental benefits, investment appetite in NBS is still low. This is 
largely due to the unclear return on investment, as the capturing of multiple values 
and benefits in a public-private-people partnership is complex and requires innova-
tive business models.

In this book we discuss business models specifically developed for NBS and 
NAS and link it to the concept of investment readiness. We use the definition by 
Blank (2014) for investment readiness or IVRL. In analogy to TRL, eight levels of 
investment readiness are indicated as a simple and visual way to share a common 
understanding of investment readiness status (Fig.  1.5). The development of the 
business canvas (Chap. 8, this volume) is at the core of generating investment readi-
ness in where the canvas is representing how lower levels of IVRL can be overcome 
by various ways to mobilize the funds and finance. The modified business canvas for 
NBS-based Natural Assurance Schemes by (Mayor et al. 2017; Chap. 8, this vol-
ume) underlies the considered IVRL and addresses the growing interest of leaders 
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Fig. 1.5 IVRL levels

from philanthropy, development and finance to mobilise capital to effectively solve 
social and environmental issues (Höchstädter and Scheck 2015) (Fig. 1.5).

1.4  Main Questions to be Addressed by the Book

Nature-based solutions, as operationalised in Natural Assurance Schemes, are 
important to ensure water security in various ways. The leading thread in this book 
is to increase our understanding of NBS through a multidisciplinary approach and 
investigate how NBS can contribute to water security by helping mitigate water 
related hazards while at the same time contributing to maintaining water resources 
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of sufficient quality and quantity. Strengthening the knowledge on NBS can help 
scaling up implementation of NBS in Natural Assurance Schemes in cities 
and basins.

The main questions addressed by the book follow the overall chapter structure of 
this work and help to understand how to improve readiness at the level of Technology 
(TRL), Institutions (IRL) and Business (IVRL) for developing and implementing 
NBS and NAS while increasing water security.

Essential overarching questions include:

• how to develop and apply methodologies to assess the effectiveness of NBS for 
different water related natural hazards, physical environments and spatial scales; 
how do they add to water security; (contribute to TRL)

• how can understanding and mapping stakeholder participation processes and risk 
perception help NAS development in the planning process; contribute to IRL

• what is the economic value of NBS and how can NBS be assessed through a cost- 
benefit analysis framework; (contribute to IRL and IVRL)

• What decision process can support analysing, selecting and implementing NBS 
with the view to reach a robust strategy that contributes to the different dimen-
sions of water security; (contribute to TRL, IRL and IVRL)

• how to operationalise NBS and identify suitable business models and enabling 
environment in order to build effective NAS; (contribute to IRL and IVRL) what 
business models emerge from capturing the assurance value of ecosystems? Can 
this be insured? how would these be financed?

The leading questions are addressed and illustrated in a range of contrasting case 
studies in Europe both with respect to (1) varying environmental, physical condi-
tions, spatial scale and vulnerability to water related natural hazards that require 
diverse NAS approaches, but also to (2) varying readiness level of technology, insti-
tutionality and investment for implementation of nature-based solutions in 
NAS. Illustration of how developed methodologies and strategies are applied in the 
case studies serve important lessons learned in the final chapters of this book.

References

Allan JA (2013) Food-water security: beyond water resources and the water sector. In: Lankford 
B, Bakker, Zeitoun M, Conway D (eds) Water security: principles, perspectives and practices. 
Routledge

Arthur WB (2010) What is technology and how does it evolve? (Book Excerpt). The New York 
Academy of Sciences Magazine

Bakker K (2013) Neoliberal Versus Postneoliberal Water: Geographies of Privatization and 
Resistance. Ann Assoc Am Geogr 103(2):253–260. https://doi.org/10.1080/0004560
8.2013.756246

Bakker K, Morinville C (2013) The governance dimensions of water security: a review. Philos 
Trans R Soc A Math Phys Eng Sci 371(2002):20130116–20130116. https://doi.org/10.1098/
rsta.2013.0116

P. van der Keur et al.

https://doi.org/10.1080/00045608.2013.756246
https://doi.org/10.1080/00045608.2013.756246
https://doi.org/10.1098/rsta.2013.0116
https://doi.org/10.1098/rsta.2013.0116


15

Barnes ML, Brayley RE (2006) Institutional readiness and grant success among public recreation 
agencies. Manag Leis 11(3):139–150. https://doi.org/10.1080/13606710600720739

Blank S (2014) How investors make better decisions. The investment readiness level. Consulted 
May 2021

Boelens R, Seemann M (2014) Forced engagements: water security and local rights formaliza-
tion in Yanque, Colca Valley, Peru. Hum Organ 73(1):1–12. https://doi.org/10.17730/humo.7
3.1.d44776822845k515

Browder R, Ozment S, Rehberger Bescos I, Gartner T, Lange GM (2019) Integrating green and 
gray, creating next generation infrastructure, Worldbank/WRI report, p 7

Burkhard B, Kroll F, Nedkov S, Müller F (2012) Mapping ecosystem service supply, demand and 
budgets. Ecol Indic 21. https://doi.org/10.1016/j.ecolind.2011.06.019

Di Baldassarre G, Kooy M, Kemerink JS, Brandimarte L (2013) Towards understanding the 
dynamic behaviour of floodplains as human-water systems. Hydrol Earth Syst Sci Discuss 10(3)

Di Baldassarre G, Wanders N, AghaKouchak A, Kuil L, Rangecroft S, Veldkamp TI et al (2018) 
Water shortages worsened by reservoir effects. Nat Sustain 1(11):617–622

Falkenmark M (2013) The multiform water security dimension. In: Lankford B, Bakker, Zeitoun 
M, Conway D (eds) Water security: principles, perspectives and practices. Routledge

Frantzeskaki N (2019) Seven lessons for planning nature-based solutions in cities. Environ Sci 
Policy. https://doi.org/10.1016/j.envsci.2018.12.033

Garandeau R, Edwards S, Maslin M (2014) Biophysical, socioeconomic and geopolitical impacts 
assessments of large dams: an overview. University College London. Retrieved from https://
www.ucl.ac.uk/hazardcentre/documents/Mega- dam- overview

Godinez-Madrigal J, Van Cauwenbergh N, Van der Zaag P (2020) Unravelling intractable water 
conflicts: the entanglement of science and politics in decision-making on a large hydraulic 
infrastructure project. Hydrol Earth Syst Sci Discuss. https://doi.org/10.5194/hess- 2020- 86, 
in review, 2020

Grey D, Sadoff CW (2007) Sink or Swim? Water security for growth and development. Water 
Policy 9(6):545–571. https://doi.org/10.2166/wp.2007.021

Hare MP, van Bers C, van der Keur P, Henriksen H-J, Luther J, Kuhlicke C, Jaspers F, Terwisscha 
van Scheltinga C, Mysiak J, Calliari E, Warner K, Daniel H, Coppola J, McGrath PF (2014) 
CATALYST – a multi-regional stakeholder Think Tank for fostering capacity development in 
disaster risk reduction and climate change adaptation Nat. Hazard Earth Syst Sci 14:2157–2163. 
https://doi.org/10.5194/nhess- 14- 2157- 2014

Höchstädter AK, Scheck B (2015) What’s in a name: an analysis of impact investing understand-
ings by academics and practitioners. J Bus Ethics. https://doi.org/10.1007/s10551- 014- 2327- 0

Investing in Nature (2019) Private finance for nature-based resilience. The Nature Conservancy. 
Environmental Finance, report, 2019. Retrieved from: www.nature.org

Jeuland M (2010) Social discounting of large dams with climate change uncertainty. Water Altern 
3(2):185–206

Kazmierczak et al. (2020). Urban adaptation in Europe: how cities and towns respond to climate 
change. EEA Report, No.12/2020

Koutsoyiannis D (2011) Scale of water resources development and sustainability: small is beauti-
ful, large is great. Hydrol Sci J 56(January 2015):553–575. https://doi.org/10.1080/0262666
7.2011.579076

Marlow DR, Moglia M, Cook S, Beale DJ (2013) Towards sustainable urban water management: 
a critical reassessment. Water Res 47(20):7150–7161

Mayor B et al (2017) Guidelines for the application of the NAS canvas to NBS strategies. EU 
Horizon 2020 NAIAD Project, Grant Agreement N°730497

Molle F (2009) Water, politics and river basin governance: repoliticizing approaches to river basin 
management. Water Int 34(1):62–70. https://doi.org/10.1080/02508060802677846

Molle F, Berkoff J (2006) Cities versus Agriculture: revisiting intersectoral water transfers, 
potential gains and conflicts. Assessment. Colombo, Sri Lanka: Comprehensive Assessment 
Secretariat: Comprehensive Assessment Research Report 10

1 Concepts in Water Security, Natural Assurance Schemes and Nature-Based Solutions

https://doi.org/10.1080/13606710600720739
https://doi.org/10.17730/humo.73.1.d44776822845k515
https://doi.org/10.17730/humo.73.1.d44776822845k515
https://doi.org/10.1016/j.ecolind.2011.06.019
https://doi.org/10.1016/j.envsci.2018.12.033
https://www.ucl.ac.uk/hazardcentre/documents/Mega-dam-overview
https://www.ucl.ac.uk/hazardcentre/documents/Mega-dam-overview
https://doi.org/10.5194/hess-2020-86
https://doi.org/10.2166/wp.2007.021
https://doi.org/10.5194/nhess-14-2157-2014
https://doi.org/10.1007/s10551-014-2327-0
http://www.nature.org
https://doi.org/10.1080/02626667.2011.579076
https://doi.org/10.1080/02626667.2011.579076
https://doi.org/10.1080/02508060802677846


16

Molle F, Floch P (2008) Megaprojects and social and environmental changes: the case of the Thai 
“water grid”. Ambio 37(3):199–204. https://doi.org/10.1579/0044- 7447(2008)37[199:MASA
EC]2.0.CO;2

Muller M, Biswas A, Martin-hurtado R, Tortajada C (2015) Built infrastructure is essential. 
Science 349(6248):585–586

Mysiak J, Calliari E (2013) Dwindling land: small island developing states. In: Hare M, van Bers 
C, Mysiak J (eds) A best practices notebook for disaster risk reduction and climate change 
adaptation: guidance and insights for policy and practice from the CATALYST Project. TWAS

Nesshöver C, Assmuth T, Irvin KN, Rusch GM, Waylen KA, Delbaere B, Haase D, Jones-Walters 
L, Keune H, al., et. (2017) The science, policy and practive of nature-based solutions: An inter-
disciplinary perspective. Sci Total Environ 579:1215–1227

Raymond CM, Frantzeskaki N, Kabisch N, Berry P, Breil M, Nita MR et  al (2017) A frame-
work for assessing and implementing the co-benefits of nature-based solutions in urban areas. 
Environ Sci Pol 77:15–24

Rijsberman FR (2006) Water scarcity: fact or fiction? Agric Water Manag 80(1–3 SPEC. ISS):5–22. 
https://doi.org/10.1016/j.agwat.2005.07.001

Savenije HHG (2002) Why water is not an ordinary economic good, or why the girl is special. Phys 
Chem Earth 27(11–22):741–744. https://doi.org/10.1016/S1474- 7065(02)00060- 8

The World Climate and Security Report (2020) Product of the Expert Group of the International 
Military Council on Climate and Security. Authors: Steve Brock (CCS), Bastien Alex (IRIS), 
Oliver-Leighton Barrett (CCS), Francesco Femia (CCS), Shiloh Fetzek (CCS), Sherri 
Goodman (CCS), Deborah Loomis (CCS), Tom Middendorp (Clingendael), Michel Rademaker 
(HCSS), Louise van Schaik (Clingendael), Julia Tasse (IRIS), Caitlin Werrell (CCS). Edited 
by Francesco Femia & Caitlin Werrell. Published by the Center for Climate and Security, an 
institute of the Council on Strategic Risks. Feb 2020

UNFCCC (2018) UNFCCC Standing Committee on Finance 2018 Biennial assessment and over-
view of climate finance flows technical report

UN-Water (2013) https://www.unwater.org/publications/water- security- infographic
Van Beek E, Arriens WL (2014) Water security: putting the concept into practice. Global Water 

Partnership, Stockholm
Van Cauwenbergh N, Dourojeanni P, Mayor B, Altamirano M, Dartee K, Basco-Carrera L, Piton 

G, Tacnet JM, Manez M, Lopez-Gunn E (2020) Guidelines for the definition of implementa-
tion and investment plans for adaptation. EU Horizon 2020 NAIAD Project, Grant Agreement 
N°730497

Van Cauwenbergh N, Dourojeanni P, Van Der Zaag P, Brugnach M, Dartee K, Giordano R, Lopez- 
Gunn E (2021) Beyond TRL – Understanding institutional readiness for implementation of 
nature-based solutions. Environmental Science and Policy – in review

Van der Keur P, van Bers C, Henriksen HJ, Nibanupudi HK, Yadav S, Wijaya R, Subiyono A, 
Mukerjee N, Hausmann H-J, Hare M, Terwisscha van Scheltinga C, Pearn G, Jaspers F (2016) 
Identification and analysis of uncertainty in disaster risk reduction and climate change adapta-
tion in South and Southeast Asia. Int J Disaster Risk Reduct 16(2016):208–214. https://doi.
org/10.1016/j.ijdrr.2016.03.002

Vörösmarty CJ, McIntyre PB, Gessner MO, Dudgeon D, Prusevich A, Green P et al (2010) Global 
threats to human water security and river biodiversity. Nature 467(7315):555–561. https://doi.
org/10.1038/nature09549

Wang P, Dong S, Lassoie J (2014) The large dam dilemma. An exploration of the impacts of hydro 
projects on people and the environment in China. Springer, Dordrecht. Retrieved from http://
link.springer.com/content/pdf/10.1007/978- 94- 007- 7630- 2.pdf

Webster A, Gardner J (2019) Aligning technology and institutional readiness: the adoption of 
innovation. Tech Anal Strat Manag 31(10):1229–1241. https://doi.org/10.1080/0953732
5.2019.1601694

Zeitoun M (2011) The Global Web of National Water Security. Global Pol 2(3):286–296. https://
doi.org/10.1111/j.1758- 5899.2011.00097.x

P. van der Keur et al.

https://doi.org/10.1579/0044-7447(2008)37[199:MASAEC]2.0.CO;2
https://doi.org/10.1579/0044-7447(2008)37[199:MASAEC]2.0.CO;2
https://doi.org/10.1016/j.agwat.2005.07.001
https://doi.org/10.1016/S1474-7065(02)00060-8
https://www.unwater.org/publications/water-security-infographic
https://doi.org/10.1016/j.ijdrr.2016.03.002
https://doi.org/10.1016/j.ijdrr.2016.03.002
https://doi.org/10.1038/nature09549
https://doi.org/10.1038/nature09549
http://link.springer.com/content/pdf/10.1007/978-94-007-7630-2.pdf
http://link.springer.com/content/pdf/10.1007/978-94-007-7630-2.pdf
https://doi.org/10.1080/09537325.2019.1601694
https://doi.org/10.1080/09537325.2019.1601694
https://doi.org/10.1111/j.1758-5899.2011.00097.x
https://doi.org/10.1111/j.1758-5899.2011.00097.x


17

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

1 Concepts in Water Security, Natural Assurance Schemes and Nature-Based Solutions

http://creativecommons.org/licenses/by/4.0/

	Chapter 1: Concepts in Water Security, Natural Assurance Schemes and Nature-Based Solutions
	1.1 Introduction
	1.2 The Evolution of the Concept of Water Security
	1.2.1 The Assurance and Insurance Value of Ecosystems
	1.2.2 The Concept of Natural Assurance Schemes

	1.3 Readiness Level Concepts to Overcome Barriers and Implement NBS and NAS
	1.3.1 Technology and Knowledge Readiness
	1.3.2 Institutional Readiness
	1.3.3 Investment Readiness

	1.4 Main Questions to be Addressed by the Book
	References




