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Chapter 6 )
Economic Assessment of Nature-Based Creck o
Solutions for Water-Related Risks

Philippe Le Coent, Cécile Hérivaux, Javier Calatrava, Roxane Marchal,
David Moncoulon, Camilo Benitez Avila, Moénica Altamirano,
Amandine Gnonlonfin, Ali Douai, Guillaume Piton, Kieran Dartée,
Thomas Biffin, Nabila Arfaoui, and Nina Graveline

Highlights

e This study combines the integrated cost-benefit analysis of NBS strategies aim-
ing at reducing water risks in four case studies

* The cost of implementation and maintenance of NBS strategies is lower than the
cost of grey solutions for the same level of water risk management, confirming
their cost-effectiveness advantage

e Benefits in terms of avoided damages are however generally not sufficient to
cover investment and maintenance costs

* Co-benefits represent the largest share of the value generated by NBS strategies

e The cost-benefit analysis of NBS strategies implemented in four case-studies, is
positive in three case studies and negative in one
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6.1 Introduction

The economic assessment of NBS is a key step in the evaluation of NBS. Indeed,
assessing the value of costs and benefits of NBS and being able to compare them to
alternative strategies such as business as usual grey solutions is fundamental for
decision makers to develop these solutions and eventually turn them into imple-
mentable Natural Assurance Schemes, with solid business models and business
cases (see Chaps. 8 and 9). However, real case studies are relatively scarce, evidence
is therefore needed to understand under which conditions it seems relevant for deci-
sions makers to invest in NBS.

This chapter therefore presents the methodological framework developed for the
economic assessment of NBS for water related risks, drought and flood, and its
application to NAIAD case studies. Since the reduction of water related risks is the
main aim of these NBS, we particularly elaborate on the methodologies that can be
used to estimate the reduction of damage costs. Another specificity of NBS, as com-
pared to grey solutions, is their capacity to produce additional environmental and
social benefits: the co-benefits. We therefore also present the various methods that
can be used for the monetary valuation of co-benefits. We also provide details on the
elements that need to be considered for the evaluation of costs. Finally, cost-benefit
analyses are implemented to help determining whether projects, such as NBS,
improve social welfare from an economic standpoint and should therefore be con-
sidered for implementation by decision makers.

This methodological framework has been fully or partially applied to seven case
studies of the NAIAD project. We conclude by some lessons learned from the
implementation of the methodology as well as some of the key results of the eco-
nomic assessment.

6.2 Methods

6.2.1 Overall Methodology of the Economic Assessment

The overall aim of the economic assessment methodology is to assess the economic
value of alternative actions aiming at managing water risks, through a Cost benefit
Analysis (CBA) (European Commission 2014), which provides an evaluation of the
economic efficiency of a programme. Depending on the case study, one or several
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alternatives are compared which incorporate different levels of NBS strategies and
traditional grey infrastructure. The methodology is based and detailed in Graveline
et al. (2017).

In this study, we mention as NBS strategies, alternative projects that generally
include a combination of NBS and grey infrastructures. The principle of CBA is to
compare an alternative with-the-project with a counterfactual baseline alternative
without-the-project, generally referred to as the Business As Usual alternative
(BAU). The CBA performed compares strategies without NBS (considered as the
BAU strategy) with one or several strategies including NBS measures.

The CBA requires the estimation of all direct and indirect costs and benefits for
the different NBS strategies under study. The following typology of monetary val-
ues associated with NBS strategies is considered:

— Costs of implementation are those that are necessary for the implementation
and maintenance of the NBS included in the NBS strategies.

— Opportunity costs are those that are foregone with the NBS strategies, for
instance areas that are taken out of production or land that is used for NBS and
that cannot be used for other purposes such as the construction of building. They
are the indirect costs of the NBS strategies.

— Avoided damages are the damages avoided due to the reduction of water risks
generated by NBS strategies. Avoided costs are the primary benefit generated by
NBS strategies aiming at reducing water risks.

— Co-benefits are the additional environmental, economic, and social benefits gen-
erated by NBS. In the CBA, we will focus on the ones that can be evaluated
monetarily although they cover only part of the co-benefits generated by NBS
strategies or only a portion of their overall value. The level of co-benefits varies
between the different strategies.

In Fig. 6.1, we present a schematic representation of the CBA method applied to the
evaluation of NBS aiming at reducing water risks. Table 6.1 presents the main infor-
mation of the economic assessment implemented in the different case studies. The
cost-benefit analysis was performed fully for the Lez, Brague and Rotterdam case
studies and partially for the Medina case.

Several indicators can be calculated to carry out a CBA. In this study, we mainly
report on the Benefit-Cost Ratio (BCR) that is estimated with the following for-
mula, where CB, is the Co-Benefits in year t, AD, is the Avoided Damage in year t,
r is the discount factor, C, and OC, are implementations Costs and Opportunity
Costs in year t and T is the time horizon of the assessment.

ZT:[AD +CB, }

-0 1+r)

i{c +oc}

BCR =

1=0 1+r) (61)
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Fig. 6.1 Description of the cost-benefit analysis approach for the economic valuation of NBS
within NAIAD. (Modified from Graveline et al. 2017)

In this formula, benefits and costs are discounted with the discount factor r, in order
to estimate their present value. This reflects the social view on how future benefits
and costs should be valued against present ones: the highest the discount factor the
more preference for the present. The European Commission recommends a dis-
count factor ranging from 3 to 5% (European Commission 2014) whereas the
Quinet report recommend a value of 2.5% (CGSP 2013). In practice, the discount
factor varies in the different case studies, considering the discount factor prevailing
in the evaluation of investment projects at the country level.!

A BCR superior to 1 means that a project is economically efficient, i.e. that it
improves the economic welfare and that it should be eligible for investment by pub-
lic funds. Decision makers may also compare different alternatives and invest in the
alternative that present the highest BCR.

Other partial CBA indicators can be used which we focus on the primary benefit
and consider only the direct cost of implementation. Although partial in economic
terms, this indicator can be useful for decision makers.

'"We did not include in the evaluation a risk adjusted cash-flow that would account for the risk of
not ultimately producing the expected benefits. This step would be necessary for the building of a
financeable investment project.
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T AD,
S|

i[@,]
=0 (1+r) 6.2)

Finally, a cost-effectiveness indicator, which indicates the cost incurred to achieve a
given output could also be useful. This indicator in expressed in euro by a physical
unit measuring the effectiveness of the measure such as m* of water retention for
flood management. This indicator is compiled only for individual NBS measures
and not for NBS strategies (but see Bokhove et al. 2019 for a way to do so at the

masterplan scale).
T C,
§[<1+r)’]

Indicator of effectiveness

Avoided damage / Cosz(rate) =

Cost effectiveness =

(6.3)

In order to implement the CBA in the case studies, the following stepwise approach
has been implemented. This chapter subsequently develops step 4 of this stepwise
approach: the economic assessment methods. The details for the implementation of
the other steps, especially the engagement with stakeholders, is described in Chap.
19 of this publication.

1. Set scale and time horizon: The spatial scale varies greatly depending on the
case study: from a neighbourhood (Rotterdam), to a city catchment (Copenhagen),
an aquifer (Medina del Campo) and to a river basin scale (Brague, Lower
Danube, Lez and Thames). The time horizon at which the strategies are evalu-
ated defines the number of years for which the benefits and costs are taken into
account in the economic analysis. This time horizon varies depending on the
type of investment and is usually set at the expected lifetime of the considered
investment.

2. Define and describe scenarios and NBS strategies. This step is crucial for the
analysis. The identification of scenarios and NBS strategies for water-related
risks is undertaken using a participatory process involving the main stakeholders
of the considered territory (See Chaps. 5, 7 and 19 for possible methods).
Scenarios should be elaborated to determine the prevailing conditions along the
time horizon (climate change, land use change) that may affect NBS impact.
They are built based on a historical analysis of past trends and the identification
of driving forces that may affect the territory under study. NBS strategies are the
alternative combinations of NBS measures, developed to address water-related
risks, which are compared in the economic analysis. NBS strategies were co-
designed with stakeholders based on an assessment of water-related risks and the
information available on the impact of NBS on risks and co-benefits. More
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sophisticated approaches based on System Dynamic Modelling (See Chap. 5)
were used to identify strategies responding to territorial challenges.

3. Impact assessment. The impact of NBS strategies needs to be established to
subsequently assess the economic effects of these impacts. Given the focus of
this study on water risks, a large effort of hydrologic and hydraulic modelling is
undertaken to estimate the impact of NBS on water risks (see Chap. 4). Other
more simple models are used in order to estimate the physical impact on co-
benefits. The impact assessment also requires NBS strategies to be translated
into usable inputs for physical modelling. This requires either a simple quantifi-
cation of some physical variables associated with strategies such as total volume
of water retention brought by NBS (for flood control) or in some case GIS mod-
elling for the spatial setting of scenarios and strategies.

4. Assessment of costs and benefits: The details of the methods for the estimation
of implementation costs, opportunity costs, avoided damages and co-benefits are
presented in the following sections.

5. CBA and sensitivity analysis: Finalization of the CBA by compiling the BCR,
according to the formula above, and carry out a sensitivity analysis.

6.2.2 Implementation Costs and Opportunity Costs Assessment

The evaluation of implementation costs was based on the development of guidelines
based on the estimation of Life Cycle Costs (LCC) methodology. LCC, also named
Total Cost of Ownership (TCO), consider the total cost of acquisition, use/adminis-
tration, maintenance and disposal of a given item/service (Ellram 1995). The accu-
rate identification of LCC provides the information needed to assess the magnitude
of investments for keeping socio-technical system functionality over time. In our
case, the expected functionality of NBS is framed in relation to avoiding damages
from water-related risks (Denjean et al. 2017).

Therefore, the LCC methodology focused on identifying the generating activities
and cost determining factors to maintain the main functionality of NBS, avoiding
water-related damages. Cost generating activities can be grouped into five LCC
components namely: capital expenditures (CAPEX), operating and minor mainte-
nance expenditures (OPEX), capital maintenance, expenditure on direct support,
expenditure on indirect support and cost of capital. Table 6.2 presents the general
framework for assessing LCC.

The LCC methodology can be used as a framework to evaluate costs to be inte-
grated in the CBA. In Rotterdam, the three strategies (grey, hybrid and green) were
set to meet the same level of flood risk reduction, as requested in the LCC frame-
work. On the other hand, Medina del Campo, Brague, Thames and Lez assessed the
LCC components of NBS strategies that emerged from different iterations between
technical analysis for meeting policy goals and stakeholder consultations rather
than the definition of specific levels of service.
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Table 6.2 General framework for assessing LCC with examples of costs. (as presented in
Altamirano and de Rijke 2018)

LCC component | Cost elements Cost drivers
1. Capital Planning, design and Function & level of service Design:
expenditure construction: Hydrological Sheer stress determines the level of
assessment, bio-engineering, service, bio-engineering method Location-
earth removal and recharge with | specific conditions: Hydrology and
machinery, concrete climate conditions Socio-economic
channelization, bed widening conditions: Property prices, salaries
2. Operating and | Maintenance, monitoring, Function & level of service Design:
minor operations: Vegetation Sheer stress factor that determines the
maintenance maintenance, water quality level of service Location-specific
expenditure monitoring, environmental conditions: Hydrology and climate
(OPEX) quality monitoring conditions Socio-economic conditions:
Salaries
3. Capital Asset renewal, replacement Function & Level of Service Design:
maintenance and rehabilitation: Post- Sheer stress factor that determines the
disaster riparian vegetation level of service Location-specific:
reconstruction, River bed Probability of hazard occurring. Measures
cleaning to reduce the vulnerability of NBS to
hazards Socio-economic conditions:
Salaries
4. Expenditure Activities directed to Existing technical and institutional
on the direct local-level stakeholders, users | capacity
support or user groups: Increase
hazard knowledge and risk
awareness
5. Expenditure Activities not directly linked | Institutional environment- existing
on indirect to an asset: Risk awareness in | legal/economic barriers for
support urban planning implementation
6. Cost of Capital | Financing costs: Interests, Risk profile of project: Capability of
dividends implementing actor to mitigate risks (past
experience)

Throughout the case studies, the cost assessment focused on the estimation of
LCC components 1 to 3. Rotterdam case study was able to mobilize some directly
estimated cost figures as an essential solution of the NBS strategy had been actually
implemented in a pilot project. Other costs estimates in Rotterdam and other stud-
ies, relied on the transfer of cost parameters from literature, national databases of
market prices and expert opinions that allowed the estimates of cost per units of
surface (or volume) of individual NBS measures, composing NBS strategies. These
costs were then extrapolated to the size of each measure within NBS strategies, to
estimate the overall cost associated with NBS strategies. Therefore, the estimation
of costs present rather large range of uncertainty depending on the origin of the costs.

NBS implementation usually requires large-scale land use change. Not account-
ing for opportunity costs arising from land use change would artificially advantage
NBS strategies as compared to grey strategies. When NBS are implemented on pri-
vate land, the cost can be integrated in the capital expenditure related to land
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purchase, but what about when NBS are mainly implemented on public owned
land? The European Commission guidelines on CBA for investment projects
(European Commission 2014) mentions that “Many public investment projects use
land as a capital asset, which may be state-owned or purchased from the general
government budget. Whenever there are alternative options for its use, land should
be valued at its opportunity cost [...]. This must be done even if land is already
owned by the public sector. If it is reasonable to assume that market price captures
considerations about land’s utility, desirability and scarcity, then it can generally be
considered reflective of the economic value of land.” The question of whether a land
may have an alternative use remains largely subject to interpretation when public
roads, parking lots or sidewalks are concerned. In the Lez and Rotterdam case, we
applied a conservative approach which is to consider land market prices as a proxy
of opportunity costs, although alternative possible use of this land is not always
clear. In Brague, NBS strategies involve privately owned land use change. In this
case, land acquisition costs were included in investments costs while additional
opportunity costs were estimated based on profits private land-owners could have
obtained from the use of this land (estimated by revenues they could have perceived
over this land).

Although the estimation of opportunity costs is fundamental in the CBA frame-
work, the LCC framework normally focuses on making explicit the actual expenses
to be assumed by project sponsors for implementing the NBS project. The inclusion
of opportunity cost therefore does not appear necessary in this framework. In line
with this argument, CBA excluding opportunity costs from overall costs were there-
fore computed to complete the evaluation.

6.2.3 Assessment of Avoided Damages
6.2.3.1 Overall Approach to the Assessment of Avoided Damage

Brémond et al. (2013) define “damage” as a negative impact of a natural hazard on
a socioeconomic system and “cost” as the monetary valuation of such damage. The
damages from natural hazards, and their costs, can be classified in tangible -easy to
quantify in monetary terms- and intangible — difficult or even impossible to mea-
sure, as they comprise non-market values — (Merz et al. 2010; Brémond et al. 2013;
Meyer et al. 2013).

The overall approach to the estimation of the avoided damage associated with
NBS comprises two main steps: (1) estimation of the relation between water related
hazards and damages (catastrophe risk models (CAT) model); and (2) estimation of
the impact of NBS strategies on the modification of hazard (droughts or floods)
through physical models. The combination of these two steps leads to the estimation
of damages under different NBS strategies and without these (Business As Usual,
BAU). The difference between damages in the BAU and NBS strategies provides an
estimation of the avoided damage (Fig. 6.2), which is expressed in Mean Annual
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Fig. 6.2 Avoided damages brought by NBS

(Avoided) Damage (MA(A)D) and can be integrated in the overall economic evalu-
ation. In the different case studies, this approach was implemented according to the
methodological framework as described in Calatrava et al. (2018).

6.2.3.2 Estimating the Relation Between Hazard and Damage Costs:
The CAT Model Framework

The CAT model aims to establish the costs of a hazard based on its magnitude
(event intensity) and the vulnerability of the elements at risk (Naulin et al. 2016).
This involves the following steps (Merz et al. 2010; Foudi et al. 2015).

1. Characterisation of the hazard event;

2. Assessment of the exposure of the assets/elements at risk;

3. Vulnerability analysis to define the damage functions/models.
4. Calculation of the value of the damage cost.

Consequently, the structure of CAT models relies on three units: hazard, vulnerabil-
ity and damage. This CAT model framework has been applied in all the case studies
with methodological differences due to their particularities and to each area’s data
availability.

The characterisation of the flood hazard event (Fig. 6.3 hazard unit) in the
different case studies has been done by using or adapting hazard models previously
developed by project partners. For example, the Lower Danube case study used a
hydrological model, to recreate a past event at a large scale. After this, the same
parameters were used to simulate the maximum hazard intensity at a smaller scale
instead of using a different hydrological model (see Chap. 10).

The assessment of assets exposure (Fig. 6.3 vulnerability unit) consists of the
identification, localization and classification of those elements at risk that would be
affected by a hazard and the estimation of their value (Merz et al. 2010). It was done
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Hazard unit

Damage unit

Fig. 6.3 Structure of any CAT models. (Adapted from Merz et al. 2010; Foudi et al. 2015)

by combining the GIS layers of flood maps with the layers of assets/elements at risk
to identify those affected by the hazard (Foudi et al. 2015). Elements at risk were
then pooled into homogeneous classes of assets (residential, commercial, industrial,
agricultural, infrastructures, etc.) for which the assessment is done (Moncoulon
et al. 2014). Most case studies used micro-scale approach (i.e. identifying individ-
ual elements) using public databases, except for the Rotterdam case study that per-
formed a meso-scale assessment at the neighbourhood level. The typology of
elements used depended on the available sources of data (see Chap. 15).

The next step in a CAT model is the vulnerability analysis (Fig. 6.3 damage and
avoided damage unit), which consists of establishing a relation between the hazard
intensity and the damage caused to each type of element at risk. This implies devel-
oping and/or using water stage-damage functions (DF) for each type of element at
risk (flood damage models). Damage functions/models for each type of asset can be
developed either (i) hypothetically from “what-if analysis” using expert assessment
or conceptual/abstract functions (synthetic approach); (ii) empirically, using data on
real damage losses from past events; or (iii) a combination of both (Merz et al. 2010;
Cammerer et al. 2013).

The empirical approach for developing damage functions (DF) used in both the
Lez and Brague case studies relies on the use of insurance data (policies and claims),
as in Moncoulon et al. (2014) and Naulin et al. (2016) (see Chaps. 13 and 15). The
function is established from direct tangible insured losses for residential homeown-
ers. The damage curves are obtained from historical geolocalised flood claims data
for runoff and overflow hazards (Moncoulon et al. 2014). The observed damages are
defined by the destruction rate (DR), obtained by dividing the amount of insurance
claims by the insured value. The damage curves are established by estimating a rela-
tion between DR and the hazard intensity, expressed in cubic meter per second
(m¥/s) for runoff and in water depth (m) for river flooding. The calibrated flood
damage functions are applied to all exposed assets in the property exposure portfo-
lio to estimate the total insured losses. Thus, the simulated costs for each individual
element at risk are compared to the real costs of the event. It allows the validation
of the DF and the reduction of uncertainties (Cammerer et al. 2013).
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If there are no previously estimated DF available for the area of study, or data
available to build damage curves, the option is transferring damage functions devel-
oped for other areas. However, the transferability of damage functions is limited. An
alternative is using synthetic DF developed for larger spatial extents, as long as
these are available for similar types of elements at risks, which is the approach pro-
posed in the Medina del Campo case study (see Chap. 11). The French case studies
used ad-hoc DF calibrated by CCR on insurance data, but also country-wide DF for
public assets (see CGDD 2018), while Medina Demo considered synthetic DF
defined at country level. In the Copenhagen case study, they used aggregated insur-
ance data for city of Copenhagen from which a simple unit DF (damage/m?) was
derived for the period 2006-2012, including the 2011 cloudburst event. The aggre-
gated value for damage caused by both surface and groundwater flooding was then
applied as an estimate for damage as a result of groundwater flooding (see Chap. 17).

Last, the calculation of damage costs for each element at risk is done by com-
bining the outputs of the hazard models (hazard intensity parameters, such as water
depth) and the vulnerability assessment (damage functions/models). The total dam-
age for each individual element at risk is obtained by multiplying its asset value by
the relative damage (not necessary if absolute damage functions are used). The total
damage from a given flood hazard is obtained aggregating the individual damage
across all elements at risk of all types. This canonical approach is the one used in the
Lez, Brague, Copenhagen and Medina del Campo case studies. In Rotterdam, dam-
age cost estimates were taken from ex-post assessment of previous hazard events.

An alternative approach to CAT models based on DF is using vulnerability indi-
cators to assess at coarser scale (mesh of 250 m/500 m/1 km) the most at-risk areas
(Papathoma-Kohle 2016). The method combines detailed geographically-based
input layers ranging from physical (e.g. flood depth layer or any other hazard maps)
to socio-economic ones (e.g. land use cover) into the raster calculator. The outputs
of the GIS-method are validated with information gathered from field surveys and
literature review. It allows estimating damage by averaging the water depth in the
mesh. The developed damage curves for other case studies are then applied to the
water depth. This methodology has been applied in the Lower Danube case study.

6.2.3.3 Estimating the Impact of NBS on Hazards

The assessment of the damage costs avoided through the implementation of NBS
strategies requires modelling the change in the physical damages caused by the
hazard both with and without the NBS. This involves the different units in the CAT
model, as it involves modelling how NBS strategies would change the intensity and
location of the hazard (hazard unit) and the level of exposure and vulnerability of
elements at risk (vulnerability unit), thus resulting in a change of the estimated dam-
age cost (damage unit). The effect of NBS on physical damages was done using the
CAT model in the Thames, Copenhagen and Brague case studies. The Rotterdam
case study assumed that the three strategies would result in equivalent hazard reduc-
tion, so modelling was not useful for differentiating between strategies, while the
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Lez and Medina Del Campo encountered computational difficulties for the physical
modelling of NBS effects. The Lez case study took justified assumptions about the
reduction in physical damages resulting from the proposed NBS instead. In addition
to the different NBS strategies considered, several case studies also considered
future climate scenarios, and the Brague and Lez scenarios also considered future
urbanisation prospects in the area of study.

6.2.3.4 Assessing Avoided Damages

The assessment of the avoided damages for NBS strategies is done by comparing
the damage cost estimated under the BAU and the NBS strategies, i.e. by modelling
the impact of the hazard under both the NBS and BAU strategies and then estimat-
ing the difference in the corresponding damage costs. This can be done either for a
specific hazard event or for different events with different return periods. The latter
consists in combining the CAT model with the probability of occurrence of different
hazard events to obtain damage-probability curves, which relate the damage caused
by each potential event with its probability of occurrence, as in Fig. 6.1 (Foudi et al.
2015). The Mean Annual Avoided Damage (MAAD) is calculated from damage-
probability curves. The difference between the MAAD for both the BAU and NBS
strategies yields the avoided damages resulting from the implementation of the lat-
ter. The MAAD was calculated in the Medina, Lez and Brague case studies, while
Copenhagen and Rotterdam calculated the avoided damages for specific past haz-
ard events.

6.2.4 Co-benefits Assessment

The IUCN’s definition of NBS stresses on their multiple benefits including address-
ing societal challenges, providing human well-being and biodiversity benefits
(Cohen-Shacham et al. 2016). We group here the multiple benefits of NBS under the
concept of co-benefits to stress on additional benefits to the primarily benefit of
water-related risk reduction. According to the emerging field of value pluralism
approaches (Gémez-Baggethun and Barton 2013; Elmqvist et al. 2015; Jacobs et al.
2016; Costanza et al. 2017), co-benefits can be assessed with several types of indi-
cators: biophysical, socio-cultural and monetary. For the purpose of this Chapter,
which focuses on the economic valuation of NBS strategies through a CBA, we
present here the methods used by three case studies that conducted a full economic
valuation of the co-benefits expected from NBS strategies: the Brague, Lez and
Rotterdam case studies. These three evaluations were carried out in two stages, with
(1) the identification of co-benefits and (2) the monetary valuation of those co-
benefits. As recommended by Nesshover et al. (2017), a strong involvement of local
stakeholders was organised throughout the process in order to integrate their per-
ceptions and knowledge.
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Identification of Co-benefits

In the three case studies, the identification of co-benefits strongly relied on the
organisation of focus groups or workshops, in which potential benefits of NBS strat-
egies were discussed with local stakeholders. Existing co-benefits classifications
and frameworks were used as a basis for discussion:

— the Millennium Ecosystem Assessment (MA 2005), the Common International
Classification of Ecosystem Services (CICES) (Haines-Young and Potschin
2018), and the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) framework (Dfaz et al. 2015) for the identification
ecosystem services;

— the EKLIPSE framework (Raymond et al. 2017) for the identification of chal-
lenges areas in urban contexts.

Those frameworks were finally combined in order to embrace a wide range of
potential co-benefits and specific local issues. In the Lez case study for instance — a
watershed with 50% of natural areas and 30% of agricultural areas- the use ecosys-
tem services classifications was chosen (MEA and IPBES), while in the Rotterdam
case study — an urban neighbourhood — the EKLIPSE framework was used as a core
framework for co-benefits identification due to its comprehensive coverage of urban
issues (see Chaps. 14 and 16).

Co-benefits Valuation
The three case studies used different types of monetary valuation methods described
in details by Herivaux et al. (2019):

Direct valuation approaches (market price and cost-based methods) were used
in the Rotterdam and Lez case studies, to valuate seven co-benefits, namely climate
mitigation through carbon storage, air quality regulation, water cycle regulation,
urban regeneration, human health and wellbeing, and aesthetic amenities. These
approaches rely on two main steps (Fig. 6.4).

— Step 1: the quantification of the level of ecosystem services provided by the NBS
strategy in non-monetary terms (e.g., annual carbon sequestration expressed in
t-eqCO,/year; water availability expressed in m?year) derived from models,
functions or reference values obtained in similar contexts;

— Step 2: the monetary valuation of the change in the co-benefit level derived from
market prices (when market exists), replacement costs (costs required to provide
a similar ecosystem service with a human engineered solution) or avoidance
costs (costs that would occur if the ecosystem service were lost).

(a) Quantification of the change in the ES level (b) Monetary valuation of the change in the ES level
1

Non-monetary [ Monetary valuation o
-
F Y

( » NBSstrategy e )

Ecosystem Models, functions, AES, _| Market price or cost- |
service | reference values... level based methods "

— = BAU strategy — | ———

Fig. 6.4 Stepwise approach for ES valuation when direct valuation approaches are used. (Adapted
from Herivaux et al. 2019)
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These approaches provide biophysical and monetary indicators for each ecosystem
service. However, they do not reflect the total economic value of these ecosystem
services, as they only capture direct use values. Results should thus be considered
as lower bound estimates.

Stated preference approaches, namely the Contingent Valuation Method and the
Discrete Choice Experiment (Johnston et al. 2017), were used in the Brague and the
Lez case studies. These approaches rely on representative surveys of the population
to estimate people’s willingness to pay (how much they would contribute in terms
of fee or tax increment) for a hypothetical modification of the environment (here the
implementation of NBS strategies). In both cases, the survey gives the opportunity
to evaluate the preferences of the population for different NBS strategies, their flood
risk perception and the importance the population grants to ecosystem services.
They provide socio-cultural and monetary indicators for different NBS strategies
and associated bundles of ecosystem services, without seeking to evaluate ecosys-
tem services one by one. Results obtained with such approaches reflect the total
economic value (including non-use values) associated with NBS strategies: they
cannot be easily added to those obtained with direct valuation methods, as this
would lead to double counting.

A benefit transfer approach was also used in the Brague case study to value the
co-benefits expected from the NBS strategies. This approach consists in the “appli-
cation of values and other information from a ‘study’ site where data are collected
to a ‘policy’ site with little or no data” (Rosenberger and Stanley 2006).This
approach requires relatively sophisticated econometric models to determine vari-
ables that have an effect on the overall value of ecosystem services related to NBS. A
Meta Regression Analysis (Arfaoui and Gnonlonfin 2019) was performed with 187
monetary estimates from 52 studies evaluating the Willingness to Pay for river res-
toration measures (restoration of the river stream, restoration of the floodplain, res-
toration of riparian vegetation, ecosystem-based management practices) and their
ecosystem services (food and material provision, local environmental regulation,
global climate regulation, habitat quality and species diversity protection, recre-
ational services, aesthetic appreciation). The transfer value function obtained was
applied to the Brague case study, considering the characteristics of NBS strategies
and the co-benefits that local stakeholders considered as relevant (see Chap. 13).

6.3 Key Results of the Economic Assessment of NBS
for Natural Assurance Schemes

We present in Table 6.3 the results of four out of the seven economic assessment,
since only these four case studies estimated monetarily at least the costs and the
avoided damages brought by NBS strategies.

Some key results can be drawn from the analysis these economic assessment.
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In the cases where a grey strategy has been evaluated, the cost of implementa-
tion and maintenance of grey solutions is higher than the cost of NBS strategies
for the same level of risk management. This confirms previous information men-
tioning that NBS may be more cost effective solutions as compared to grey solu-
tions as they are less costly. This is particularly highlighted in the Rotterdam and
the Brague case, since for the same level of avoided damage, the NBS solutions are
15% and 63% less costly than the grey solutions, respectively.

The cost-effectiveness of individual NBS measures has also been investigated in
some case studies. The cost of different measures is compared for the same level of
service or a proxy of this level of service: for example for floods the cost/m? of water
retention. This analysis shows a very large heterogeneity of cost-effectiveness of
individual NBS measures. For example, in the Lez case study, the cost-effectiveness
of green roofs is extremely low because of the large cost of green roofs and their
limited water storage capacity (see Chap. 14 for more details). In the Thames case
study, a similar assessment reveals a similar heterogeneity with £2.9/m?® of water
retention for conservation agriculture, £16.8/m* of water retention for retention
ponds and £61.8/m? of water retention for leaky dams (see Chap. 12).

In urban areas, taking into account the opportunity costs of NBS can totally
change the appreciation of their cost advantage. In Lez and Rotterdam, two
urban cases, land price is used as a proxy of opportunity costs, even though NBS are
developed on public areas. Although this cost is not actually spent, it provides an
estimation of the value associated with the fact that this space cannot be used for
other profitable uses. For example, NBS may take space that may not be available
for real estate development. Considering that NBS require a large spatial extent as
compared to traditional grey strategies, the inclusion of opportunity costs has a
strong weight in the overall cost estimation, especially in urban areas where land
cost is high.

In cases where flood risk reduction is the main objective of the NBS (Lez,
Rotterdam and Brague), benefits in terms of avoided damages are not sufficient
to cover capital expenses and operation and maintenance costs. This result
needs to be nuanced because our estimations of avoided damage take into account
only a share of the damages avoided thanks to protection measures; with a focus on
insured damages (public damages are included in the Lez estimation). Indirect dam-
ages, such as the macro-economic impact of floods, due to their effect are not con-
sidered, although these costs can be highly significant. The assessment also does not
consider the potential of protection measures on other non-monetary but essential
indicators such as the capacity to reduce the exposition (number of residents in
flood prone areas), life protection, injuries or post-traumatic stress. In addition,
authorities may have an obligation to deliver a certain level of flood protection,
regardless of whether costs are superior to expected avoided damages. The cost-
effectiveness advantage of NBS mentioned above therefore remains a key advan-
tage in these contexts. It is to be mentioned that in the case of Medina, which
addresses agriculture drought risk, the benefits associated with the change of agri-
culture crops to reduce drought exposure, in terms of avoided drought damages,
overcomes the cost of this change.
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Co-benefits represent the largest share of the value generated by NBS strat-
egies. This is the case in all three studies in which co-benefits have been monetarily
estimated. This result does not depend on the method used for the estimation of
co-benefits, since revealed preference methods have been used in the Lez and
Brague case studies, while direct valuation has been used in Rotterdam.

There are no clear-cut conclusions on the overall economic efficiency of NBS in
our assessments. Indeed, NBS strategies have a BCR higher than 1 in Lez, Brague and
Medina, which means these NBS strategies would be worth the investment, whereas
itis <1 in Rotterdam, whatever the strategy. The picture is more positive if we exclude
opportunity costs from the economic analysis. Interestingly however, for Brague and
Rotterdam, the economic efficiency of NBS strategies is nevertheless much higher
than the one for grey strategies. The Benefit Cost ratio should however not be the only
criteria considered. For example, the NBS- strategy in the Lez, has the highest Cost-
Benefit ratio however the rate of avoided damages on implementation cost is extremely
low, since this strategy has very limited effect on flood protection.

6.4 Discussion-Conclusion

This chapter presents a methodological framework for the economic assessment of
NBS and its application to seven case studies. Results reveal that NBS aiming at
solely reducing water risks cannot be automatically assumed to be economically
efficient. It is therefore fundamental to carry out thorough case specific economic
valuations of a diversity of strategies, involving NBS, grey and hybrid solutions, in
order to identify the most adequate strategy for water risk management and to
address territorial challenges. In a context of limited public resources, economic
valuation can help identifying the adequate solution to address water risks, the one
that maximizes the net benefit for society.

The economic valuation of NBS strategies requires a large effort for the design
of strategies. This step requires the participation of stakeholders and preliminary
modelling approaches. It is of fundamental importance because the quantification of
the physical characteristics (e.g. retention capacity, number of trees) is the basis for
the estimation of their costs and benefits.

In our applications, cost estimates mainly rely on the transfer of existing values
evaluated in other projects. This reliance on a diversity of sources gives rise to a
high level of uncertainty. Costs can indeed vary greatly depending on the exact fea-
ture of the NBS and on local contexts. The development of local references for the
estimation of costs in all European countries would improve the precision of cost
estimation and facilitate greatly cost estimations. The estimation of opportunity
costs based on land price, which has been used here, is an upper bound. Some of
these areas may indeed not have other profitable use (e.g. sidewalks). The estima-
tion of opportunity costs may indeed need further investigation in the future.

In order to assess the avoided damages as a result of NBS strategies, both simple,
straightforward methods and advanced models are necessary to fully estimate the
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effect of NBS on the intensity and spatial extent of hazards, especially when assess-
ments are carried out at the catchment scale. The evaluation of avoided damages
also depends on the availability of data to be able to link the reduction of hazard to
a reduction of damages. The detailed estimation of the economic benefits of NBS
related to water risk reduction in several case studies is therefore a key contribution
of this book. Collaboration with the insurance sector to provide expertise on dam-
age evaluation and data on damages has been instrumental and should be pursued in
future studies.

Our methodology also provides a framework for monetary valuation of co-
benefits. A diversity of approaches was used to evaluate co-benefits (direct valua-
tion, value transfer, stated preferences approaches) that all require advanced skills
in environmental economics. The implementation of this step is key considering the
magnitude of co-benefits in NBS benefits and should not be overlooked in the evalu-
ation of NBS. This step can be challenging as it may be difficult for some stakehold-
ers to accept the principle of the monetary valuation of co-benefits. This requires
careful explanation to stakeholders that emphasize the limits and the advantages of
monetary valuation techniques and their complementarity with other environmental
valuation methods. Another challenge is that some methods used in the monetary
valuation of co-benefits, such as contingent valuation or choice experiments, require
the implementation of surveys with samples of residents. These surveys include the
presentation to citizens of alternative water risk management measures and to col-
lect their preference on this matter. This “public consultation” may be considered a
delicate issue for certain stakeholders, such as decision makers, that may want to
control the way this type of information is revealed to the general public. Using
these methods may therefore require lengthy negotiations with stakeholders.

Our economic assessment methodology also has several limits. A large share of
these limitations are inherent to every economic analysis with ecological or envi-
ronmental variables. The multiplicity of models required for the estimation of the
different cost and benefits increases their overall uncertainty. On the one hand, it is
the relative magnitude of costs and benefits that should be compared rather than the
precise values that we have presented. On the other hand, only indicators that could
be evaluated monetarily were included in this study. Other indicators such as non-
monetary impacts on water risks, co-benefits that could not be or partially be valued
monetarily such as social and environmental indicators are important in the decision
making process for the development of NBS. The implementation of the economic
assessment of NBS should therefore be complemented with the implementation of
a Multi-Criteria Decision Analysis (MCDA) such as the one described in Chap. 7.
Finally, the cost-benefit analysis only aims at evaluating whether aggregated bene-
fits are higher than aggregated costs. This does not preclude from distributional
issues, i.e. the existence of population that benefit from the project and others that
lose, for example due to the expropriation of citizens. A project that yields positive
economic returns may therefore face the opposition from some stakeholders. These
approaches are therefore complementary with approaches focusing on social accep-
tance and the design of soft measures to facilitate the implementation of NAS such
as the one presented in Chap. 5.
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