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Abstract
This work aims to offer a contribution in the analysis and management, from an
economic and financial point of view, of the flood risk, and extended to the hydro-
geological risk, from the perspective of a public administration. As main responsible
actor for containing the phenomenon through the maintenance of the territory, public
administration is responsible for the cost of restoring of the services that have been
damaged by this type of phenomenon. The assets of which the public administration
must ensure the restoration are all public infrastructures (i.e. transportation, energy
and water supply system, communication) together with the damage suffered by pri-
vate property, if these affect services to be guaranteed to the population. In this work,
the authors propose possible strategies that a public administration can put in place
to deal with flood risk. Three main strategies are analysed: an absolute passivity that
provides for the payment of damages as they occur (i.e. business-as-usual scenario), a
classic insurance scheme, a resilient and innovative insurance scheme. The economic–
financial profiles of these strategies proposed in this work put an emphasis on how the
assumption of a time horizon can change the convenience of one strategy compared
to the others. This study highlights the key role of the quantification of flood risk mit-
igation measure from an engineering perspective, and their potential issues to pursue
these objectives in connection to the regulatory framework of the public administra-
tions. This synergy is supported by the potential use of Blockchain-based tools.Within
the paper is highlighted the key role that such platform IT data management platform
could have within risk analysis and management schemes, both as a data collection
tool and as certification of the various steps necessary to complete the process.
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1 Introduction

The phenomenon of climate change is intensifying the manifestations of extraordinary
climatic events, and in recent decades, worldwide, the damage has raised to tens of bil-
lions of dollars. The climatic phenomena that cause damage are different depending on
the geographical areas. These have already been largely addressedwithin the insurance
market (Munich 2013), both as traditional products and with mechanism involving the
financial markets, i.e. cat-bonds. Such mechanism encountered an important increase
in the market since their appearance a few decades ago.

In addition to the insurance market, focused on the transfers the risk and part of
the payments to other subjects, in several risk reduction strategies it is mostly the
public administration that ultimately has to face the management of these risks and
the consequent damages unlocking a significant and growing economic challenge
on how to face with up-front investment for adaptation or mitigation risk reduction
solutions (UNISDR 2015).

A particular type of risk related to extreme climatic phenomena is flooding both as
riverine or coastal, which is aggravated with the increase in the number of extreme cli-
mate event such heavy rains or storm surges. The impact on the local assets depends on
the local conditions including morphology of the territory and its underlying hydroge-
ological risk, the overall vulnerability of the population and the infrastructures exposed
to the hazard. Specifically, hydrogeological risk is a type of risk that, in addition to
private assets, creates damage to many public infrastructures (e.g. transportation net-
work, energy and water distribution systems, communication network) that the public
administration it is forced to restore, often at very high costs.

The theme we want to present in this paper proposes a financial scheme of a flood
risk management process from the point of view of a public administration, which can
choose between different risk reduction strategies.

The first is the completely passive payment of the damages as they occur (i.e.
business-as-usual scenario). The second is a traditional insurance scheme. The third
entails an attitude of urban resilience, which consists in evaluating the possible con-
venience of up-front investments for risk mitigation through an appropriate hazard
mitigation or adaptation project specifically addressed to have a more resilient urban
infrastructures and assets at risk.

This third strategy follows the idea of the financial structure as proposed by the so-
called resilience bonds, which are having a first development in recent years starting
from the first issue in 2019 of a five-year climate resilience bond by the European
Bank for Reconstruction and Development (EBRD).

In this paper, a comparative quantitative assessment model of the three proposed
strategies will be presented, based on a stochastic process that can describe the expec-
tations of the level of damage that will be achieved over future time horizons. A similar
quantitative-based approach has been presented in recent previous papers by the same
authors, Pagano et al. (2019a, b), and by Reguero et al. (2020) for financing coastal
resilience.

The problem analysis will be completed by describing the other disciplines involved
in this risk management scheme, i.e. the role of engineering competence will be
explained, in terms of risk assessment and costs–benefits (in terms ofmitigation respect
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to the original level of risk) of the infrastructures that could be used for this purpose
(embankments, dams, expansion tanks, …) and also what is the regulatory framework
(particularly for the European context) within the public administrations can act to
pursue these objectives.

Finally, this paper wants to create the ground on the use of an innovative IT tech-
nology platform for the insurance sector (i.e. Blockchain). Blockchain-based tools
provide the interface for real-time climate data collection and registered damages.
The platform provides the automatic certification of the acquired information within
each steps of the process, both in terms of the regulatory and financial framework, and
in terms of the implementation of risk mitigation infrastructures.

This paper has the following structure.
The first paragraph describes the regulatory context in which the public adminis-

tration can act to deal with flood risk and catastrophic risks in general. The second
paragraph is dedicated to comparing the convenience of the various strategies that
the public administration can implement according to a quantitative actuarial scheme,
even with a numerical example in order to offer a sensitivity analysis for some key
parameters, with the crucial role of engineering expertise for their assessment. The
third paragraph will highlight the possible role of Blockchain in the various steps of
the flood risk management scheme presented in this work. Finally, some conclusions
and ideas for further research developments will be pointed out.

2 Public administrations and the regulatory framework for flood risk
assessment andmanagement

Since the early 1970s, extreme events associated with natural disaster have been grow-
ing both in frequency and intensity. Specifically, during the last 15 has been recorded
an increase of 2% per year as reported in Serre and Heinzlef (2018).

The same increased trendwas also reflected on flood disasters registered from 2007.
What happens in the year 2013 in the Central Europe was particularly impactful: 16.5
billion in economic losses (large-scale damage across Germany, the Czech Republic,
Hungary and Poland) for 4.1 billion in insurance paid claims. The year 2013 has the
negative record of the increase in flood damages of approximately 50% respect to the
period 2003–2012 and to show for the first time three consecutive losses exceeding
100 billion in a 10 years period time (Swiss 2014).

Thesefigures represent an evidence how the increase in the population in urban areas
and the consequential increase in their complexities of both social and technological
dimensions define a bottleneckwithin flood riskmanagement in public administration.

In fact, the rapid growth of human concentration and urbanized areas has increased
the exposure to the existing flood recurrence timemakingmore difficult the realization
of proper mitigation measures such as the availability of the land to be settled as
potential flood risk zone, or protection and improve safety of river banks.

Among different assets that increased their risk to flood due to an increased expo-
sure, Critical Infrastructures (CI) need a specific emphasis. Critical infrastructures
represent body of systems, networks and assets that are essential for the functioning
of a society, public’s health and/or safety and economyof a nation.CI are thus engineer-
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ing and technological networks, such as energy and water supply systems, transport
services, banking and finance, and ICT (information and communication technology)
systems. All these systems are important (and thus critical) to maintain essential func-
tions of society, and their failures can heavily seriously affect the population, economy
and national security [as stated in Galland (2010) and in Serre (2018)].

This is the reason that addressed the attention of policy-makers, economist, urban
planners, engineers, insurance companies and scientist to find innovative risk manage-
ment frameworks to more sustainable and more resilient cope with climate changes
effect and natural hazards (Quenault 2014).

There are initiatives at various levels worldwide with the aim of creating coordina-
tion and guidelines for public administrations, to design resilient schemes in the face
of the risks of climate change, also with regard to the economic–financial aspects of
risk assessment and financing of resilient actions.

Keenan (2019) describes the reference legislation and the opportunities granted by
it, to adopt resilient strategies against the risks associated with climate phenomena in
that area as exposed as California is.

Also in the European context, significant steps towards a coordination of local
administrations have been observed, mostly in the assessment of risks deriving from
the climate change phenomenon.

In particular, in 2008, the European Commission launches the first, and to date the
most ambitious, initiative targeting local and subnational authorities to lead climate
and energy action. As part of the Covenant of Mayors, cities and towns take action
towards sustainable energy, including alleviation of energy poverty, climate change
mitigation and adaptation to secure a better future for their citizens.

Covenant of Mayors for Climate and Energy (2008) is a voluntary-based initiative
focused on the proactive role of local authorities for making territories (more) resilient
to the impacts of climate change. That work produced Sustainable Energy and Climate
Action Plan (SECAP) in 2015 (Bertoldi 2018).

One key point of the SECAP is Risk and Vulnerability Assessment (RVA),
which is an analysis of the relevant risks and vulnerabilities, by analysing cli-
mate hazards and assessing vulnerability (of urban sectors): (1) Municipal buildings,
equipment/facilities, (2) Tertiary (non-municipal) buildings, equipment/facilities, (3)
Residential buildings, (4) Transport.

The assessment could address for instance risks related to floods, extreme low
temperatures and heat waves, droughts and water scarcity, storms and other extreme
weather events, increased number or intensity of forest fires, sea level rise and coastal
erosion.

In a SECAP, a Baseline Emission Inventory and a Risk and Vulnerability Assess-
ment are mandatory and identify a set of actions to be undertaken: one of these actions
could be the introduction of resilience bonds to finance risk mitigation strategy by a
more resilient infrastructural system.

A joint SECAP can be developed by a group of adjoining local authorities. This
can even increase the effectiveness of the risk reduction plan by the definition of a
regional common long-term vision.
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3 A quantitative comparison among different risk management
strategies

This paragraph will describe the financial schemes generated by three different strate-
gies for dealing with flood risk by the public administration:

– the passive strategy provides for the payment of damages as they occur,
– the standard insurance strategy provides for the quantification of a premium with
which to transfer the burden of compensation (in part or totally) to the insurance
market,

– the innovative insurance resilient strategy, involves combining the standard insur-
ance scheme with the financing of mitigating infrastructures, which will reduce
risk exposure once completed.

It will therefore be a question of comparing the effectiveness of the different strate-
gies, based on the time horizon that will be set, taking into account that the advantage
of the resilient strategy will materialize after the mitigating infrastructures, which
involved higher costs in the initial phase, will be completed. We consider a simi-
lar approach to one proposed in Reguero et al. (2020), but we assume a stochastic
framework for the damages.

Flood risk reduction by an enhanced urban resilience means moving towards the
improvement of mitigative infrastructures (e.g. hydraulic defence works, retaining
dams, expansion tanks,…).Within this process is required the risk assessment through
engineering modelling including the calculation of potential losses before and after
the realization of amitigation project and the overall costs of and time required to build
the resilient infrastructure. This aspect is not trivial since each engineering solution
and its risk reduction assessment is site specific and not always straightforward.

Within the proposed model, the authors refer to the original source of the flood risk
in connection to , that is to rain levels and/or to those of river beds in the area exposed
to the risk.

It would be a question of finding the form of dependence, through statistical infer-
ence issues, of the damages recorded starting from the data of this primary source of
risk, which can be a not easy task since the quality of the databases linking the damages
to corresponding climate phenomena are not so good, almost for many public admin-
istrations archives. Also other study Reguero et al. (2020), regarding the economic
loss distribution for coastal damages, no reference is made to any database of actually
recorded losses.

Therefore, it was decided to skip this aspect of the investigation, which would have
removed us from the focus treated in the present work.

We will directly acquire the knowledge of a historical series of the damages
recorded, with the temporal scan (year, season, month, …) which will be at the basis
of the quantitative model: for simplicity and to avoid seasonality phenomena relating
to the climatic events in question, we will consider an annual basis, which is a usual
assumption in many actuarial models. In what follows, therefore, all the quantities
will be considered defined on an annual basis.
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3.1 Themodel of risk exposure

Let X(h), i.i.d for h = 1, 2, . . ., the yearly random payment for flood damages in
year h, with distribution function f (X), that is f (X) = f (X(h)) ∀h, which can be
estimated by the analysis of historical series of yearly damages, with moments E[Xr ],
for r = 1, 2, . . . .

Let assume an insurance premium function of f (X), that is P = g( f (X)), g : � →
�, for which a standard assumption due to a risk aversion principle, is P > E[X ]. We
assume a full coverage of the damages by the insurance contract.

Assume that with a cost W and a completion time n, a mitigative infrastructure
provides that the r.v. which describes the yearly damage for following years is XR

such that, E[XR] < E[X ] and σ [XR] < σ [X ], fromwhich for the insurance premium
with the same function g, it holds g( f (XR)) = PR < P .

The assessment of risk reduction by engineering expertise could be a hard task, since
it cannot be evaluated using historical series of damages (the mitigative infrastructure
did not exist before).

3.2 The comparison of strategies expected costs over a time horizon

In this paragraph, we will proceed to the comparison of the expected costs of the three
different strategies, fixed the time horizon. Since the comparison must be made in
terms of current values, a generic annual discounting factor v corresponding to the
rate of i must be fixed, that is v = (1 + i)−1.

For the passive strategy (indicated with the subscript P in the following symbols),
the random present value of the total payment by the public administration, fixed a
generic time horizon of m years, CP (0,m), is

CP (0,m) =
m∑

h=1

Xhv
h

from which its expected value is a deferred annuity of instalment E[X ], that is

E[CP (0,m)] = 1 − vm

i
E[X ].

For the standard insurance strategy (indicated with subscript I in the following sym-
bols), the current value of the total expenditure for the public administration, which is
deterministic in this case, is a deferred annuity of instalment P , that is

CI (0,m) = 1 − vm

i
P.

For risk aversion principle, from which it follows P > E[X ], we have

E[CP (0,m)] < CI (0,m) (1)
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but the passive strategy could incur in annual compensation so high as to endanger
the financial solidity of the public administration, which instead, with the insurance
strategy, can plan a constant yearly payment equal to P . The probability of very high
compensation increases as the volatility of X increases, that can be deduced from the
historical series, with which its distribution f (X) is estimated.

The resilient strategy (indicatedwith subscript R in the following symbols) provides
that for n years it will be necessary to pay the insurance coverage P and to finance the
mitigating infrastructures for which the cost W was assumed, while after completion
time the annual insurance cost decreases to the level PR .

Therefore, let Q be the annual instalment assuming that it has to be paid for the
entire duration of the construction of the mitigative infrastructure (but different dura-
tions could also be considered), that is n years, to finance the cost of the mitigating
infrastructure, which satisfies the equation

W = 1 − vn

i
Q,

from which we have the total expenditure, also in this case deterministic, incurred by
the public administration for the first n years

CR(0,m) = 1 − vn

i
(P + Q)

and the following chain of inequalities

E[CP (0, n)] < CI (0, n) < CR(0, n)

that is, in terms of expected values, in the first n years the passive strategy (albeit with
a random result while the other are deterministic) is more convenient than the standard
insurance strategy, which in turn is cheaper than the resilient one.

It is therefore a question of studying the break-even point problem in terms of time
horizon, starting from which the resilient strategy becomes more convenient than the
others, taking into account that for a generic value m > n the present (deterministic)
value of the expenditure overall for this strategy is

CR(0,m) = 1 − vn

i
(P + Q) + vn

1 − vm−n

i
PR .

So the break-even point respect to the standard insurance strategy will be m∗
I that is

the minimum value of the time horizon m(> n) such that

m∗
I = min

m=n+1,n+2,...
CR(0,m) < CI (0,m) (2a)
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while one respect to the passive strategy will be m∗
P that is the minimum value of the

time horizon m(< n) such that

m∗
P = min

m=n+1,n+2,...
CR(0,m) < E[CP (0,m)]. (2b)

The evaluation of the cost W and completion time n of the mitigating work and
the quantification of the risk reduction through an engineering expertise can be a
complicated objective, above all because there is no real feedback on the exposure to
risk following the completion of the work, but it is necessary to proceed only with
hypotheses validated in contexts with some similarity.

A further development, which rests on such ability to estimate through engineering
skills, could be to evaluate a possible range of mitigating infrastructures, with costs
and times given by pairs W ( j) and n( j), in the case of the generic j-th option, j =
1, 2, . . . , J , from which the ex-post risk exposure distribution is described by the
random variable XR( j) and the corresponding reduced premium PR( j).

In this case, the problem of optimizing the choice of the mitigating work could
concern the minimum PR( j) fixed a maximum level of infrastructure cost, or the
minimum in terms of break-even point provided by the different choices, that is the
minimum m∗( j), with J ∈, 1, 2, . . . J .

In this comparison of convenience of the different strategies, the role of Blockchain
tools underlying the concepts of smart contracts, would be essential for the need of
automatic contract passages, from one phase to the next, without wasting time, for
example, from the completion of the mitigation infrastructure, to the certification
of risk exposure reduction. Indeed, a smart contract can be defined as an automatic
updating of contractual conditions upon the occurrence of certain conditions to be
verified through Blockchain tools.

3.3 Numerical example: sensitivity analysis on the convenience of the resilient
strategy

The aim of this section is to present the decision-making problems that may arise in
terms of choosing the risk mitigation strategy, in case the distribution of the random
damage is known. As already mentioned in the introductory part of section 3, no
reference is made to any actual database of damage deriving from floods, but a classic
assumption in the actuarial context of a lognormal distribution for the random damage
is considered. In particular, we want to highlight what could be the key role of some
parameters for the sensitivity analysis of the convenience of the resilient strategy
compared to the others, on the basis of the model presented in the previous section.

For the random damage X , we assume a lognormal distribution characterized by
the parameters μ and σ and we model risk reduction after mitigative infrastructures
completion time, assuming for the residual risk XR , a lognormal distribution with
parameters μR = (1 − d1)μ and σR = (1 − d2)σ .
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The insurance premium loading is assumed a proportion α > 0, of the volatility of
the random damage, so the total premium is

P = E[X ] + ασ [X ]

and analogously for the premium after the mitigative infrastructure has been built

PR = E[XR] + ασ [XR].

Considering a standard parameterization characterizing the original risk exposure and
one after the construction of the mitigative infrastructure,

mu = 1, σ = 2, d1 = 0.1, d2 = 0.1, α = 0.05,

note that it holds

E[X ] = 20.08, σ [X ] = 90.01, fromwhich P = 24.58

and

E[XR] = 12.42, σ [XR] = 38.09 fromwhich PR = 14.33,

and that relating to the mitigation work and its financing
W = 100, n = 5, i = 0.02 from which Q = 21.21 (it has to be payed for the

planned n years of completion time).
We proceed to a sensitivity analysis of the break-even points m∗

I and m∗
P , accord-

ing to (2a) and (2b), that is the time horizon at which the resilient strategy begins to
become advantageous compared to the others, respect to variations of the most sig-
nificant parameters, that is the volatility of the original risk and those relating to the
mitigative infrastructure. Disregarding the description of the volatility of the results
and considering them only in terms of their expected values, the standard insurance
strategy is always less convenient than the passive strategy, see (1).

It should be noted that as the volatility of the original risk increases, while the break-
even point with respect to the standard insurance strategy is constantly approaching,
there is no monotonous trend with respect to the passive strategy, which depends on
the effect of loading the related insurance premium to this parameter, that the cost of
the passive strategy, a function of the expected value alone, does not suffer in such a

Table 1 Break-even point
sensitivity respect to volatility of
the original risk σ

σ m∗
I m∗

P

2 16 27

2.1 13 24

2.5 7 22

3 6 89
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Table 2 Break-even point
sensitivity respect to mitigative
infrastructures cost C

W m∗
I m∗

P

100 16 27

110 17 29

150 21 36

200 26 45

Table 3 Break-even point
sensitivity respect to risk
reductions deriving from
mitigative infrastructures
measured by d1 = d2

d1 = d2 m∗
I m∗

P

0.1 16 27

0.11 15 25

0.15 13 20

0.2 12 17

Table 4 Break-even point
sensitivity respect to mitigative
infrastructures completion time
n

n m∗
I m∗

P

5 16 27

6 17 29

8 19 33

10 21 37

significant way. Of course the higher is the volatility of the original risk, the less safe
is the passive strategy, since the probability of huge claims increases, that may create
serious difficulties to the general economic situation of the public administration.

The results are widely expected, that is the break-even point moves away as the
cost of the mitigation work increases. It could be interesting to analyse a model such
that as the cost of mitigation works increases, even their effectiveness, in terms of risk
reduction, increases, which could lead to a not-monotonous trend in the break-even
point. However, we may have to consider a minimum level of abatement required, in
order not to make the break-even point the only decision-making element in terms of
measuring the efficiency of the mitigating intervention.

As regards the sensitivity with respect to the reduction of risk deriving from the
mitigative infrastructure, we assume that the reduction rates of the parameters that
describe the original risk, μ and σ , have the same value, that is d1 = d2, whereas the
effects of the mitigation works could impact the values of these parameters in very
different ways, depending on the type of intervention.

It is interesting to note the effect of shortening the break-even point with increasing
effectiveness, muchmore pronounced for the passive strategy rather than the insurance
one.

It is quite clear that, given the higher cost of the resilient strategy until the completion
of the mitigation work, if this period is longer, it also entails an obvious shift in the
break-even point, of roughly the same magnitude compared to the standard insurance
strategy and even more pronounced compared to the passive strategy.
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4 Blockchain and the legal environment for smart contracts

Starting from the pioneering papers of Szabo (1997, 1998), there is no universally
accepted definition of smart contract and for the purpose of our paper we can use one
of the most used (r2), “an agreement whose performance is automatic, so an algorithm
for computer transactions, which comply with the terms of the contract”.

A more detailed definition, even thinking about the applicative scope of the paper
was provided by the Italian IVASS (Italian Institute for Insurance Supervision), accord-
ing to which smart contracts are contracts that are written in a specific language that
can be understood, translated and executed by a computer, whose clauses can pro-
duce actions without external intervention based on information received in input
and processed according to predefined rules, see Grasso (2018), and the information
technology underlying this automation is just the Blockchain.

About the potential (and in same cases effective) role of Blockchain in insurance
environment, for various purposes, see (Gatteschi et al. 2017, 2018; Sayegh 2019;
Pagano et al. 2019a, b).

Hence, a smart contract can then be thought as a multiphase contract, in which the
steps to be controlled to proceed to the next phase are set at the beginning, which seems
exactly the case of the mitigating process through the resilient strategy described in
this work.

The various steps of the process are: the initial data collection relating to climatic
phenomena (and their consequences in terms of flood phenomena) and the damage
caused by them, for which the Blockchain can act in terms of certifying that the data
comes from reliable sources, the stipulation of the contract both in the insurance part
and in the financing part of the mitigation work, the certification of the timetable for
the construction of the mitigation work (contractual clauses may be linked to any
delays with respect to the settled timetable), the change in the regime of the insurance
contract once the completion of the works has been certified, without the need for a
new agreement on the actual exposure to risk, once this had been fixed at the signing
of the contract (perhaps to be validated ex post by engineering expertise).

Note that since these mitigation processes should be of various decades and in
these lengths of time some trends in climate phenomena could be observed, then
the multiphase contract can consider some refreshments in the assessment of some
parameters of the model, for example, ones which describe the primary risk expressed
by the distribution of the random damage, with the consequent adjustment of the
premium level for insurance coverage.

5 Comments and further lines of research

This paper presents an innovative approach on how combines the effect of up-front risk
reduction investment for public administration with a resilient insurance mechanisms.

This work presented a multidisciplinary analysis on possible flood risk coping
strategies, for which the entire hydrogeological risk can be understoodmore generally,
an increasingly pressing problem for public administrations also in relation to the
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evidence of increasingly accentuated manifestations. of extreme climatic phenomena
in more recent years.

The regulatory context in which local public administrations can consider possi-
ble synergies within schemes at European level (Covenant of Mayors) and in other
geographical areas was described.

In addition to the use of a classic insurance approach, an assessment scheme is
described deriving from a resilient approach, that is, in addition to the economic cov-
erage of the damages that are recorded, it provides for the financing of risk mitigation
works, a structure used for the so-called resilience bonds.

This paperwants to provide a consistent approach on the application of international
frameworks like the Paris Agreement, the Sendai Framework for Disaster Risk Reduc-
tion and the Agenda 2030 for Sustainable Development. Moreover is well integrated
in the regulatory context of SECAP.

It was highlighted that the construction of this quantitative model must be based on
engineering expertise, for the ex-ante and ex-post risk assessment and for the design of
the most effective mitigation works in terms of cost–benefit ratio. Given the additional
cost of the mitigation work, an indicator that seems appropriate to us to compare the
resilient strategy to the others is that of the break-even point, which is very common
in the context of investment evaluation.

A development of the researchwill consist in the analysis of the quantitative scheme
considering also the element of the variability of the results, for example through the
use of the Monte Carlo simulation, in order to highlight how the uncertainty of the
cost of claims of the passive strategy may produce much more critical scenarios than
other strategies, which provide a deterministic flow for hedging risk.

The necessarymultiphase process thatmust be completed to implement the resilient
strategy, can be guided and controlled in the various phases using Blockchain tools,
both in the role of data collector and in the role of certifying the completion of the
various steps of the process, according to an initially established protocol that does
not have to be re-discussed by the counterparties at each step, according to the scheme
of so-called smart contracts.

Compared to the theoretical model presented in this work, it will now be a question
of carrying out the research through the possibility of having data relating to real
contexts of this type of risk, as in Castelli et al. (2019) in which a quantitative study
of the flood risk of the Arno river in the Florence area is presented. The necessary
data are those relating to climatic phenomena combined with those of flood damage
caused by rivers that insist on the same area. It will also be necessary to know the
mitigation projects that the relevant authorities already have or plan to implement in
the near future, and the risk reduction assessment they plan to obtain.

The proposed approach can be exploitable and consistently applied to several types
of risk and for different types of mitigation strategy strengthening the resilience of
urban infrastructures against river flooding. The proposed approach provides a solution
to face against lack of financial capacity for public administration that would like to
sustainable and viable manage their risks.
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Further developments of the quantitative model can also be considered as a function
of the quality of the data that will be available in the feasibility study of a resilient
process in a real case.
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