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Abstract. This work aims to valuate the benefits and/or damages related to the
apposition of hydraulic constraints, considering the economic aspects and the
appraisal ones. From an appraisal point of view, the valuation of hydraulic damage
considers the ex ante compensation: for the imposition of the hydraulic constraint
and for the preventive compensation of future damages. The constraint can prob-
ably produce a loss in terms of income and assets, but also a decrease in hydraulic
risk and consequent economic benefits. Compensation for future damage concerns
random events and expresses the variation in the hydraulic risk for the land subject
to restriction. If the change in hydraulic risk produces a reduction in risk (due to
less probability and/ or less damage), then the measure of the damage is negative
and it corresponds to a surplus value of lands. The proposed methodological pro-
cess essentially aims to define the function of the ex post damage and to identify
the criteria and the procedural process in order to valuate the damage caused to
land as a result of the imposition of the hydraulic constraint and future damage
avoided which have to be indemnified in advance (ex ante).
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1 Introduction

Floodings are a central issue in public opinion and governance attention, both for an
increased cultural emancipation and a more mature awareness of the related risk, and
for the worsening of hydrographic basins instability caused by the lack of controls on
the land use [1]. This phenomenon affects the territory at a widespread level, prefiguring
the occurrence of risk situations almost everywhere. It is clear that the prevention of
emergencies connected to the occurrence of flooding must be an imperative both under
the socio-political profile, of the involvement of public institutions, and under the more
strictly technical profile, in relation to the choice and planning of interventions aimed at
flood defense [2–4].

Regarding the technical aspects, a fundamental role in the planning of the hydraulic
works for rivers, streams, entire catchment areas, is played by the economic assessment
of damage from flooding [5]. This is preliminary to the design of the interventions, since
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the works, in the absence of budgetary constraints, must be sized so that the marginal
variation of the potential damage is equal to the marginal construction cost; and it is
also preliminary to the economic evaluation of the interventions, matching the extent of
the damage to the benefits obtainable with the implementation of the works, to be offset
against the construction costs.

The problem of hydraulic risk mitigation is particularly significant in Italy. The
Higher Institute for Environmental Protection andResearch (ISPRA) report on the Italian
hydrogeological instability provides a reference framework on the risk of landslides
and floods on the national territory and on other risk indicators relating to population,
buildings and cultural heritage [6].

91.1% of Italian municipalities are located in an area where the risk of hydrogeo-
logical instability is considerable. The surface of the areas classified as dangerous by
medium-high landslides and/or medium intensity hydraulic landslides amounts to a total
of 50,117 square kilometers, and is equal to 16.6% of the national territory. These are
areas in which, following very heavy rainfall, landslides or floods, even of large dimen-
sions, can occur. Considering that every year about a hundred landslides occur on the
Italian national territory, which cause victims, injuries, evacuations and damage to build-
ings, cultural assets and infrastructures, it can be said that these are not only isolated
events caused by particular atmospheric conditions or seismic events.

The report shows that over 7million Italians reside in vulnerable areas, but potentially
the number could be higher. Analyzing the risk from the point of view of the population,
it turns out that 2.2% of the Italian population (from 2011 Istat census), resides in
areas deemed to be at high and very high landslide risk, for a total of over one million
inhabitants (1,281,970).

The population exposed to high flood risk is equal to 3.5% of the population
(2,062,475 inhabitants), while those exposed to a scenario of average danger (with a
return time between 100 and 200 years) reaches 10. 4% of Italian citizens (6,183,364
inhabitants).

The only way to reduce the damage caused by floods and landslides remains the
most obvious, but also the least used: prevention. Prevention is possible by activating
territorial monitoring and hydrogeological risk mitigation projects [7].

2 The Hydrogeological Constraint and the Hydrogeological
Structure Plan (PAI)

The Italian law evolution about hydrogeological risk is extremely vast because of breadth
and variety of all environmental cases.

The Royal Decree (R.D.) n. 3918/1877, still in force, among the others is the first
regulatory interventions on specific restrictions for the protection of forests, summarized
within the term ‘forest restriction’. It defines the concept of hydrogeological constraint,
which subjects land of any nature and destination to “constraint for hydrogeological
purposes”(art. 1).

The main purpose of the hydrogeological constraint is to preserve the physical envi-
ronment and therefore to ensure that all interventions that interact with the territory do
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not compromise its stability, nor trigger erosive phenomena, etc., with the possibility of
damage. public, especially in hilly and mountainous areas.

The hydrogeological constraint therefore concerns land of any nature and destination,
but is mainly located in the mountainous and hilly areas and may concern wooded or
non-wooded areas. In this regard, it should be noted that the hydrogeological constraint
does not coincide with the wood or forest one, always governed originally by the R.D.L.
3267/1923.

The hydrogeological constraint in general does not preclude the possibility of inter-
vening on territory, but it makes interventions in these areas subject to the obtaining of
a specific authorization (art. 7 of the Royal Decree no. 3267/1923).

The hydrogeological constraint has the nature of a “conformative” constraint of
private property aimed at protecting a public interest (in this case the conservation of
the good water regime, the stability and hydrogeological defense of the territory) and,
that is, it can be imposed on all properties that have certain characteristics, with the
consequence that it does not imply forms of compensation for the owners, as is the case
for landscape, historical-artistic, park / protected area restrictions, etc.

The hydrogeological constraint does not entail the absolute urbanization of the area,
so the interventions allowed by the urban planning instrument can be carried out if
they do not damage or endanger the protected environmental values. The presence of
the constraint imposes on the owners the obligation to obtain, before carrying out the
intervention, the release of the specific authorization from the competent administration,
in addition to the building permit.

In the Italian legislation, due to toLawDecree 11.06.1998n. 180, the hydrogeological
risk means both the hydraulic and the geomorphological ones; in simplified terms, the
first is linked to a flood event in a watercourse, the second to the movement of a mass of
earth, rock, or debris along a slope, both often caused by persistent precipitation of high
intensity that characterize that particular area. Therefore, careful monitoring becomes
fundamental in order to prevent and reduce the extent of these types of risk and to build
adequate warning systems.

The hydrogeological risk assessment method has been identified in 1998 with Prime
Minister’s decree DPCM of 29.09.1998 [8]; it is structured in such a way as to allow a
qualitative assumption of the essential risk factors, through which it is possible to reach
a gradation in classes that depends on the combination of the danger of the area and
related land use:

– R1: moderate risk;
– R2: medium risk;
– R3: high risk;
– R4: very high risk.

The purpose of this classification is essentially to identify riskier areas than others,
even if they have the same hazard, depending on physical and anthropogenic elements
found on them. In fact, according to the R level of risk degree, areas with a greater human
presence are associated with high hydrogeological criticalities and, consequently, those
to be defended as a priority. The identification of areas with different hazards, as well as
the subsequent calculation of the risk, is instead essentially aimed at providing the basic



282 F. Salvo et al.

elements for the subsequent planning and design activities of new construction in order
to prevent the creation of new risk areas.

The identification of hydrogeological risk areas leads to the drafting of the hydroge-
ological risk map which is an elaboration foreseen in the excerpt planning of each Basin
Authority. The hydrogeological risk map provides for the definition of some risk classes
by crossing the hazard classes with the risk elements deriving from the land use map.
The Hydrogeological Plan (P.A.I.) has essentially three functions:

1) the cognitive function, which includes the study of the physical environment and the
anthropic system, as well as the recognition of the forecasts of urban planning tools
and hydrogeological and landscape constraints;

2) the regulatory and prescriptive function, intended for activities related to the protec-
tion of the territory and water, the assessment of the hydrogeological risk and the
consequent constraint activity in both extraordinary and ordinary regime;

3) the programmatic function, which provides the possible intervention methods aimed
at mitigating the risk, it determines the necessary financial commitment and the
temporal distribution of the interventions.

In the R4 risk areas, the PAI pursues the objective of guaranteeing hydraulic safety
conditions, ensuring the free flow of the flood with a return time of 20 - 50 years, as well
as the maintenance and recovery of the dynamic equilibrium conditions of the riverbed.

In the aforementioned areas all works and activities related to urban, territorial and
building nature are prohibited, with the exclusive exception of those of demolition with-
out reconstruction, adaptation or maintenance, making the assets and areas safe, prac-
tices for correct agricultural activity, provided that the morphology of the territory is not
changed; there is greater flexibility for public infrastructures referring to essential and
non-delocalizable services, but always subject to authorization by the Basin Authority.

In the R3 risk areas, PAI pursues the objective of guaranteeing hydraulic safety con-
ditions, maintaining or increasing the flooding conditions with a return time of 200 years,
together with the conservation and improvement of the natural environmental charac-
teristics. In these areas all works and activities related to urban, territorial and build-
ing nature are prohibited, except all interventions allowed in R4 risk area, expansion
interventions of existing buildings for hygienic-sanitary adaptation needs, of temporary
deposits resulting from and connected to authorized mining activities, to be carried out
in accordance with the procedures prescribed by the authorization devices.

In the R2 and R1 risk areas, the construction of underground and/or semi-terraced
rooms for residential and commercial use is not permitted.

3 Methodology. The Damage Appraisal

The study examines the damage in its sense of ex post and ex ante valuation, with
reference to the imposition of hydraulic constraints.

The topic of ex post compensation is proposed in the form of an income statement
intended to quantify the reintegration for the loss resulting from the damage.
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The valuation of the ex ante damage, in planning of hydraulic interventions, regards
the imposition of the hydraulic constraint and the future damage avoided, to be com-
pensated in advance. The appraisal of the ex ante damage, more specifically, concerns
the evaluation of the indemnity, which means the measure of the damage linked to the
variation in income and assets following the imposition of the constraint (land hydraulic
arrangement land and related costs, loss of potential buildings, etc.)

The issue of compensation for ex post damage in private relationships is well stated
in literature review [9, 10] and it follows the principle of reintegration of the property
affected by the damage (once it has occurred). In the plumbing project, the preliminary
valuation of the cost of compensation for any damage arises as a problem of the valuation
of the ex ante compensation, paid in advance and one-off. The problem can be treated
in terms of appraisal but it requires legal and political investigations for the justification
of the indemnity.

Hydraulic damage has the following characteristics [11]:

– a harmful event that has occurred or to occur;
– the cause-effect link that allows the identification and delimitation of the damage;
– the presence of at least two subjects in antithetical garments;
– a situation prior to the damage (or initial);
– a situation subsequent to the damage (or final) that allows the differential measure-
ment;

– the existing structure of property and use rights that attributes responsibilities and
promotes compensation between private (or public in private relations) subjects.

– The damage exists only in the case in which the posterior situation is worse than the
anterior one, otherwise there is an advantage.

3.1 Ex post Damage Appraisal

The compensation valuation follows a theoretical criterion that sets out the principle of
reintegration of assets for the loss resulting from the damage, and a practical criterion
that provides for the appraisal of the monetary amount [11].

The theoretical criterion considers the loss in value of lands submerged by water
(temporary or permanent loss).

The practical criterion concerns the analysis of the events and responsibilities of the
occurrence of damage, which can be sought in the following components:

– natural component, linked to the occurrence of the adverse event;
– administrative/technical component, attributable to poor management of resources
and lack of or inadequate planning;

– management component, due to thepresumed inefficientmanagement of anyhydraulic
measures present;

– private component, linked to any conduct not aimed at containing the damage once it
has occurred.

If we indicate with α the rate of damage caused by nature, β the rate of damage
caused by political and technical contingencies, with γ the rate of damage caused by
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bad management and maintenance and δ is the rate of damage caused by the anomalous
behavior of the owners, the unit damage is equal to:

Unitary damage = α + β + γ + δ = 1. (1)

In summary, the problem of ex post compensation can be proposed in the form of an
economic account Table 1.

Table 1. Ex post damage - Economic account

To give To have
To private owners, according to the prac-
tical criterion for the rate γ

- from the natural component (natural 
adversity) for the α rate
- from the administrative / technical 
component (political risk) for the β rate
- from the management component for the 
disservice part for the rate γ;
- from the private owners for the part of 
unsuitable practices for the δ rate

3.2 Ex ante Damage Appraisal

When planning hydraulic interventions, the valuation of damage caused to lands con-
cerns the imposition of the hydraulic constraint and the future damage avoided, to be
compensated in advance (ex ante).

Hydraulic Constraint
The theoretical criterion suitable to valuate the ex ante compensation for the imposition
of hydraulic constraints regards the extent of the damage linked to the change in income
and assets resulting from the imposition of the constraint. If this change results in a loss
of income and/or capital value, then the relative measure corresponds to the permanent
loss of market value of the asset, otherwise it is a capital gain. For the purposes of
compensation, this means that this can be canceled or hypothetically give rise to a
withdrawal. The loss of value is estimated from the difference between the condition
prior to the project and the following one (the first ascertained, the second assumed).

The difference between the previous situation and the following one expresses the
change in the value of the real estate assets following the imposition of the hydraulic
constraint as perceived by the market (buyers and sellers).

The practical criterion for appraise the ex ante compensation for the imposition of
constraints may concern:

a) the plant species, indicating Ra and Rp the net annual incomes respectively in the
situations before and after the imposition of the restriction and with Pa and Pp
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the current values of the multi-year annuities adjusted respectively in the situations
before and after the imposition of the constraint [12]:

Pa =
∑m

s=1 Ras · (1+ iP)−s·
1− (1+ iP)−m , (2)

Pp =
∑q

s=1 Rps · (1+ iP)−s

1− (1+ iP)−q , (3)

wherem and q are the durations of themulti-year crop cycle respectively in the situations
prior to and following the imposition of the constraint; iP is the capitalization rate of
tree crops;

b) the hydraulic works (for example, drainage ditches, drains) and the related costs Cs;
c) the loss of the land building potential; the permanent damage E for the loss of

building potential is equal to the difference between the value of the building land in
the previous situation and the value of the agricultural land in the situation following
the feared damage:

E = [
(p− c) · e − pA

] · S, (4)

where p is the unit price of the building (e/m3), c is the unit construction cost, e is the
building index (m3/m2), S is the land area (m2), pA (e/m2) is the unit price of agricultural
land [13].

Future Damage
The theoretical criterion for the ex ante compensation related to future damages considers
the extent of the damage linked to the variation of hydraulic risk in the area. This risk is
related to the change in the probability of the adverse event and the change in the extent of
the damage. If this variation results in an increase in risk (due to greater probability and/or
greater damage), then the relative measure corresponds to the loss in value of the asset
(temporary or permanent). If the change in hydraulic risk translates into a reduction in
risk (due to lower probability and/or less damage), then the relative measure corresponds
to a surplus value of lands. The loss or increase in value is estimated from the difference
between the situation prior to the damage and the following one (the first ascertained,
the second supposed).

The practical criterion for estimating the ex ante compensation for future damages
may concern the losses of crop products and real estate assets following the occurrence
of the damage:

a) the loss of the annual income of the herbaceous crops Ra and Rp respectively in
the situations before and after the damage and the relative current values of the
multi-year annuities Pa and Pp respectively in the situations before and after the
damage;

b) the loss of land investments (for example rural and industrial buildings, roads,
industrial buildings) and the related restoration costs C;
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c) the loss of buildings (rural, industrial or residential ones) of value Vf .

At the time of the harmful event, the extent of damages Da and Dp in the preceding
and following situations is equal to:

Da = Ra + Pa + Ca + Vfa , (5)

Dp = Rp + Pp + Cp + Vfp . (6)

At the present time, the amount of the damage related to the imposition of constraints
and for future damages � is equal to conditions ascertained before and after the event:

� = Ra − Rp

iR
+ Pa − Pp

iP
+ E + Cs −

[
Da

(1+ i)na − 1
− Dp

(1+ i)np − 1

]

, (7)

where iR is the capitalization rate of herbaceous crops [14, 15], np and na the return times
of the harmful event in the situations preceding and following the damage respectively.

According to the report, therefore, the damage is equal to the loss of income from
agricultural crops andbuildability and the cost of companyaccommodation, decreasedby
the reduction of hydraulic riskmeasured by the amount of the damage and its probability.
The damage occurs if the loss of income and buildability is greater than the risk avoided.

In areas with little or no building susceptibility, if the implementation of the project
involves maintaining the same crops and arranging the land at the expense of the insti-
tution, then it is possible to have net advantages if the hydraulic risk decreases. This
means that there is an equilibrium point for which a certain rate of damage due to the
imposition of constraints is offset by the lower hydraulic risk.

4 Conclusion

From an appraisal point of view, the valuation of the hydraulic damage in a hydraulic
project takes into account the ex ante compensation: for the imposition of the constraint
and for the preventive compensation of future damages.

The constraint can probably produce a loss in terms of income and assets but also a
decrease in hydraulic risk and so that consequent advantages. The fact that the constraint
places a burden on the landowners (losers) to the advantage of the external owners
(gainers), requires that the advantage of the external owners is equal to or greater than the
disadvantage of the imposition of the constraint on the owners of properties characterized
by hydrogeological risk but also by potential advantages of proximity. The supply and
demand of these lands considers the advantages and disadvantages of this position in
the market price.

Compensation for future damage relates to random events and expresses the variation
in the hydraulic risk for land falling within the risk area. This risk is related to the change
in the probability of the adverse event and the extent of the damage produced. If the
change in hydraulic risk translates into a reduction in risk (due to lesser probability
and/or less damage), then the extent of the damage is negative and corresponds to a
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surplus value of the agricultural land of the area. It should be noted that there is likely
to be a decrease in the hydraulic risk for the land outside the area due to the damage
avoided. If the damage avoided to external land is greater than any damage caused to
the land in the area, then there are the conditions to justify the hydraulic intervention
project, and for the external owners to hypothetically compensate the owners of the area
[16–18].

Finally, it should be noted that the realization of hydraulic protection works may
entail compensation for the temporary occupation of the areas, intended for example to
receive excavation and processing materials. In these circumstances, the compensation
is equal to the loss of income for the period of occupation and the costs of restoring the
areas intended to receive the material, referring to the end of the occupation.
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