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Abstract:  The Sardinian region (Italy) has recently been affected by intense rainfall associated with cyclones and leading to 
flash floods typical of the Mediterranean area. As overview of recent Sardinian flood cases, in December 2004, the 
eastern territory was the scene of a massive flood event characterized by 500 mm rain fallen in five hours; in October 
2008 a storm hit the south-eastern territory when 350 mm of rain was gauged in less than 3 hours only in the 
Capoterra council area; more recently, in November 2013 the Cleopatra cyclone affected the north-east of Sardinia, 
causing huge damage and a death toll of 17. The Sardinian Flood Risk Management Plan deals with these problems 
following requirements of the European Floods Directive 2007/60 and the Italian National Legislation no. 49/2010. 
The Regional Plan is being developed involving authorities, researchers, communities, and stakeholders and focusing 
attention on the mitigation works and preparedness of communities. Communities have been involved through 
meetings around the territory and proper websites provided by regional authorities. Considering technical aspects, the 
Sardinian Plan supplies detailed flood risk maps identifying potential flood-prone areas with related extensions and 
evaluating the consequent flood damages not only in terms of affected areas but also in economic terms by applying 
water depth–damage functions. Therefore, the first part of the work aims to apply the JRC methodology (Huizinga, 
2007) to verify the water depth–damage relations for the region by comparing values with data collected in real cases. 
In the second part of the paper, the water depth–damage functions have been applied to the basin of the Coghinas 
River lowland valley. This basin has been considered as a pilot basin in the Sardinian Flood Risk Mitigation Plan. The 
economic evaluation of flood damages is, then, coupled with a cost–benefit analysis to supply a decision-support tool 
that prioritizes flood mitigation measures. 
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1. INTRODUCTION 

Recent river flooding disasters that have occurred in many countries have led the European 
Commission to supply a harmonized approach defining Flood Risk Management Plans (FRMPs). 
Currently, in the Mediterranean regions, flash flooding is the most common type of inundation, 
since the majority of flood events are induced by intense rainfall that occurs in short time periods 
and quickly reaches an impressive flow rate (Pistrika, 2014). In addition to climatic changes, 
nowadays movement of people from rural areas to cities is increasing the level of urbanization, and 
consequently emergency or disaster management plans are necessary for preparation, support, and 
reconstruction when natural or manmade disasters occur (Price and Vojinovic, 2008). The European 
Commission’s main outcome to tackle these problems is the Flood Directive 2007/60/EC. In the 
case of the Sardinian region (Italy), the flood protection policy is characterized by two important 
flood plans: the Hydrogeological Settling Plan (P.A.I., 2008) and the Fluvial-Zones Definition Plan 
(P.S.F.F., 2013), which are insufficient to address the required points raised by the Flood Directive 
2007/60/EC and the National Italian Legislation, DL 49/2010. In fact, flood risk management can 
be viewed as a process that involves three different set of actions depending on the aims and 
involved operators. The first set of actions is necessary to operate on an existing system achievable 
with a deep analysis of the actual system peculiarities (e.g. changes in land use, urbanization, 
climate change, etc.), while the second step starts planning for a new or revised system according to 
the changed conditions. Finally, the planning process step leads to decisions regarding the structural 
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mitigation measures supported by an optimum design (Plate, 2002), justifying relevant aspects such 
as the costs and benefits achievable by analysing mitigation measures (European Commission, 
2007). All previous aspects are embedded in the Flood Directive implementation scheme to prevent 
the risk. The definition of the concept of risk, as a combination of flood hazard and flood 
consequences, and the way in which risk is calculated should ideally be performed starting from the 
preliminary flood risk assessment, followed by the mapping of hazards and risks, and finishing with 
the setting of objectives and planning solutions. Focusing attention on the assessment and 
management of flood risks, the European Flood Directive requires the development of three main 
reports: 1) the preliminary flood risk assessment plan; 2) the achievement of flood hazard maps and 
flood risk maps; 3) the settlement of the FRMPs. 

In the implementation of real cases, different methods will be used depending on the scale and 
level of detail of the assessments (Raymaekers, 2012). The second step is one of the most important 
aspects of the Flood Directive, as maps are instruments not only for defining and communicating 
flood risks but also for regulating territory usage by rationalizing the inevitable limits and failures 
of controls (Demeritt, 2012) and facilitating awareness of the potentially affected floodplain areas. 
The resulting water depth maps are, in fact, the launch pads to start the flood assessment and the 
estimation of potential flood damages (tangible damages), which requires a conversion in terms of 
quantitative amount and provision of the potential order of magnitude of flooding during the event. 
In contrast to engineered defences designed to keep water away, it will be important to understand 
the potential consequences and help communities to become more resilient and adaptable to 
changing levels of flood risk (Demeritt, 2012). Especially because of the lack of infrastructure for 
controlling floods, the need of education on flood risks and related misunderstandings, the third 
step, the FRMP, holds a relevant position in the Flood Directive 2007/60/EC. 

Even though the intangible damage evaluation is still under analysis, the intangible flood damage 
can be divided into two branches: direct and indirect damage. One of the type of direct intangible 
damage can be considered as loss of life caused by the flood event, and an economic evaluation 
method can be used to carry out an analysis of flood insurance, which has recently increased 
(Penning-Rowsell, 2014). Indirect intangible flood damage could be the trauma caused by losses 
after flood events. Because of the uncertainty of many aspects of the economic evaluation of flood 
damages, the assessment linked with the direct tangible flood damage is the main field under study 
in this paper. 

In a second stage, the need to use a rational decision-making tool to define specific mitigation 
systems in terms of new works and rules arises, and a cost–benefit analysis will make it possible to 
identify which of the available solutions could be considered the best in economic terms. A glance 
at the actual study background underlines the importance of water depth–damage functions as one 
of the available elements of the decision-making tool to evaluate the amount of economic damage 
and to help authorities and stakeholders make financing decisions (Pistrika, 2014). 

In the work on comparative flood damage model assessment, Jongman et al. (2012) describe 
seven available flood damage assessment models: FLEMO, Damage Scanner, Rhine Atlas, Flemish 
Model, Multi-Coloured Manual (MCM), HAZUS-MH, and the JRC model. All of these models 
consider only the direct tangible flood damage evaluated in function of the flood water depth. In 
fact, according to the majority of researches, the most common hydraulic variable used to develop 
the flood-damage analysis is the water depth, although flooding is a complex process determined by 
a large number of hydraulic, environmental, and socioeconomic factors that should be used to 
analyse the flood risk (Jongman et al., 2012; Smith, 1994). 

This paper appraises the direct tangible flood damage evaluation by applying the JRC model 
methodology (Huizinga, 2007) using water depth–damage relations. Moreover, the need to confirm 
the JRC model outputs for the Sardinia basins has been considered. As a matter of fact, Italy is one 
of the European member states without own specifically developed water depth–damage functions 
and, considering the large differences in the territory at regional scale, there is an evident need to 
validate the water depth–damage functions through flood data collected for each region. In this 
work for the Sardinian region, the validation step has been conducted by analysing the catastrophe 
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that occurred in the south-east of the territory the 22nd October 2008. The validation has been 
developed through the appraisal of economic damages in the Capoterra Council territory for data 
collected on the city centre and the urban area near the coast damaged by the flooding of Rio San 
Girolamo and Rio Masone Ollastu. 

This work is part of a more extended collaboration between the University of Cagliari, the 
Sardinian Hydrographic District Authority, and the Sardinian Civil Protection Agency to define the 
regional FRMP. Preliminary results defining the Plan for mitigation of flood risks, also considering 
non-structural alternatives like flood warnings, emergency responses, and land-use planning rules, 
are given in RAS-UNICA (2013). 

In the following, after a comparison of the JRC model with available data for flood-damage 
evaluation in recent events, a cost–benefit analysis is presented for planning the mitigation systems 
in Coghinas River lowland valley, considered as a pilot basin of the Sardinian FRMP. This research 
has also been supported by previously conducted hydrological studies that estimated flood events 
with expected return periods of 50, 100, and 200 years. The floodplain areas have been 
characterized in terms of land use by considering the Corine Land Cover maps with improvements 
properly developed for the FRMP. 

2. THE FRMP: FRAMEWORK IN THE SARDINIAN HYDROGRAPHIC DISTRICT  

The main aim of the FRMP is to improve the knowledge of and preparedness for flood events to 
avoid negative consequences for healthy conditions for human beings, territory, and environmental, 
historical, and architectural heritage and, at the same time, to enhance business safety and social 
activities (Flood Directive 2007/60/EC). According to the main features of hydrographic districts, a 
shortlist of structural and non-structural measures has been defined in terms of prevention, 
protection, and preparation to deal with potential flood events. The FRMP operating and 
governance tools (e.g. guidelines, institutional agreements, dissemination of knowledge, community 
involvement, etc.) are also focused on the flood management in terms of emergency planning. A 
partnership between the Hydrographic District Authority and the Civil Protection Agency has been 
formed to carry out these improvements.  

The proposed regional FRMP scheme (RAS-UNICA, 2013) consists of 10 sections starting with 
the European and national institutional policies framework to stress the main aims of the plan. 
FRMP defines the potential mitigation measures and reconnaissance actions, paying attention to 
flow rates, evaluated floodplains, stream ways, potential natural expansion of flood-prone areas, and 
environmental, land-use, and water resources management, as highlighted in the national law DL 
152/2006. All of the specified points would be coupled with solid support for strategic actions 
(prevision, monitoring, alert, etc.). Moreover, the dissemination actions focus on the training of the 
local council and, moreover, of every inhabitant in the flood-prone areas. The Hydrographic District 
Authority has activated an information distribution chain defined by informative material, weekly 
stakeholder meetings, training meetings, and applications for smartphones and PCs. In addition, the 
Authority is going to realize a website through which citizens can improve their knowledge of flood 
risk management. 

In defining the FRMP, the results given by previous studies need to be considered: mainly, for 
Sardinia, the Hydrogeological System Plan (Piano di Assetto Idrogeologico – PAI) aiming at the 
preservation, protection, and enhancement of the territory against hydrogeological risk. PAI 
continuously updates the hydrogeological risk maps, identifying their boundaries and the part of the 
territory in which land-uses restrictions and structural and non-structural mitigation measures can be 
applied. The potential hydraulic or geological risks are defined at four levels with values between 
one and four, increasing gradually with risk. Another previous study has been also considered 
setting Fluvial-Zones Definition Plans (PSFF). This study divided the regional area of 24100 km2 

into seven river systems characterised by 58 main water streams with a total length of 1120 km and 
226 secondary streams with a total length of 2030 km, as shown in Figure 1 where the risk zones 
are highlighted. 
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The PSFF flood hazard maps even provide a basis to identify the areas under flood risk and to 
start the following FRMP. The extensions of flood hazard areas are given considering five 
hydrological scenarios of flood-event return periods (Tr) equal to 2, 50, 100, 200, and 500 years. 
Subsequently, the FRMP works on hydrologic information provided by the PSFF, aiming to make 
potential flood damage maps, flood risk maps, and planning mitigation measures available for the 
flood hazard territories. 

 

Figure 1. Sardinian hydrographic basins and flood hazard maps according to PSFF. 

In order to properly define the damage from flood events, we should consider, besides the direct 
tangible damages related to buildings and activities, those related to the environment and socio-
economic elements and goods whose monetary value is not easy to quantify. A crosscheck of the 
hazards and these environmental and historical heritages provides a flood risk categorization, but it 
is still not possible to define a monetary amount with certainty. 

Regarding people’s safety, the Civil Protection Agency established the regional alert procedures 
in case of meteorological, hydrological, and hydraulic risk by providing the Alert Operating 
Instructions. The alert signal consists of four different phases increasing from “regular critical 
situation” to “high risk”. The alert signals provide gradual management of the operations that 
should be achieved from when the risk starts until it reaches emergency status and the consequent 
risk management scheme. In addition, for each risk level, the Operating Civil Protection 
Instructions also define the required resources involved at that level. 
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In the following, we mainly consider the preparedness of flood risk management, considering 
structural flood mitigation measures. The strategic approach defining the efficiency of these 
measures is based on a cost–benefit analysis in order to support the regional authorities in choosing 
between different mitigation scenarios and evaluating their economic efficiency. The first step in 
doing this is given by the direct tangible flood damage evaluation. 

3. FLOOD DAMAGE ASSESSMENT METHODOLOGY FOR THE SARDINIAN 
TERRITORY: APPLICATION AND VALIDATION OF THE JRC MODEL 

3.1 JRC model 

Different models have been proposed in the international literature to assess the economic 
consequences of flood risk, such as the MCM by Middlesex University (UK), USACE curves, 
Federal Insurance Administration (FIA) curves, the FLEMO Model (Germany), and the JRC Model 
(European Commission/HKV Consultants) (Jongman, 2012; Pistrika, 2014). 

Among these, the JRC model, based on water depth–damage curves, will be applied hereafter. 
This approach was developed in 2007 by H. J. Huizinga at HKV Consultants under commission of 
the Joint Research Centre Institute. The scale of application summarizes several studies developed 
by European countries. For these reasons, the collected damage values vary largely between the 
countries and all of them had to be verified and adjusted. 

Specifically, the JRC approach compares the water depth–damage functions collected by 
European countries with the aim of achieving relations applicable to the whole European territory. 
The comparison of the collected water depth–damage values was developed, dividing the territory 
into five macro-categories of land use: residential buildings including inventory, commerce and 
related inventory, industry including inventory, infrastructure/roads, and agriculture. 

The damages are defined in economic terms of replacement or depreciated values in euros per 
square metre and have been processed to obtain homogeneous maximum damage value for each 
land-use category associated with a maximum water depth of 6 m. The JRC model works on this 
elaboration of data to define an “harmonized” water depth–damage function able to represent the 
average trend of the collected data for each land-use category. 

From these curves, the flood damage is evaluated using a damage factor, herein called α, with a 
range between 0 and 1, which increases with the water depth in a range between 0 and 6 m. The 
JRC model provides a value of “maximum damage” evaluated on the basis of the Gross Domestic 
Product per capita for each European country. Table 1 shows the maximum damage value for each 
land-use category evaluated for Italy. 

 
Table 1. Maximum damage values per damage category for Italy (Huizinga, 2007). 

Land use category Maximum Damage Value 
(€/m2) 

1. Residential Buildings 618 
2. Commerce 511 
3. Industry 440 
4. Infrastructure and Roads 20 
5. Agriculture 0.63 

3.2 Application of JRC model on Sardinian territory 

The JRC model was applied for the Sardinian territory considering some improvements: the 
land-use maps were improved considering the Corine Land Cover (2000) and later updates based on 
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observation of the territory through digital orthophoto images and others sources (ARDIS, 2014). 
The land-use maps allow to verify in the Sardinian territory buildings, land activities, roads, and 
other infrastructure networks, boundaries of the flood-risk territories and moreover to identify the 
mitigation system already built, weak points in the territory and in the existing structures. 
Moreover, the database was improved with more information regarding environmental values, 
protected vegetation areas, new buildings, heritage buildings and monuments, also considering the 
differences between public and private structures (e.g. public primary schools, upper schools, 
hospitals, and old age homes). These studies have been summarized in a land-use map characterized 
by 201 different types of territorial elements. As a consequence, the number of JRC model macro-
categories has been increased from 5 to 12, as shown in Table 2. Specifically, considering the JRC 
classification, the Infrastructure and Roads category and its maximum damage values have been 
split into four categories: Council Roads, Provincial Roads, Other Roads, and Infrastructure. These 
new defined categories are the result of an accurate analysis of the territory aiming to represent the 
road network and infrastructure according to their potential damage costs. 

The new land-use framework also considers macro-categories for which flooding could 
determine intangible damages, as shown for the last four categories in Table 2. The economic 
maximum flood damage of these land-use categories at this moment is still not defined in a univocal 
manner; nevertheless they can provide some constraints regarding the definition of flood mitigation 
assessment. A second minor modification relating to JRC curves was applied to reduce the 
maximum range of the water depth in the region: factor α reaches a value of 1at the water depth of 5 
m. Flood damage curves are given in Figure 2. 

 
Table 2. Land-use categories and related maximum damage values for the Sardinian region. 

Land use category Label Maximum Damage Value (€/m2) 
1.  Residential Buildings R 618 
2.  Commercial C 511 
3.  Industry I 440 
4.  Agriculture A 0.63 
5.  Council Roads N 10 
6.  Provincial Roads P 20 
7.  Other Roads S 40 
8.  Infrastructural (Areas with water supply 

network, electricity grid and similar systems) T 40 

9.  Dams, rivers and similar areas H - 
10. Environmental heritage areas J - 
11. Historical and archaeological heritage areas K - 
12. Area subjected of other intangible damages X - 

 

 

Figure 2. Flood Damage Approximated Harmonise Functions for EU Member States with changes of water depth range. 
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3.3 JRC model validation on Sardinian territory 

The JRC model requires a validation phase working on recorded values in the Sardinian territory. 
For this aim, the massive storm that hit the region in October 2008 has been analysed. The worst 
damaged area was the southeast of the Sardinian island. The area of Capoterra town was damaged 
by massive rainfall that reached 350 mm in less than 3 hours and by the flooding of River San 
Gerolamo and its main tributary, River Masone Ollastu. The flood wave was modelled using the 2D 
MIKE21 software (RAS, 2010) and results were published by the Hydrographic District Authority 
(ARDIS-RAS, 2011). Capoterra Council gathered information on damages for the Residential and 
Commercial land-use categories (RAS, 2008). The validation process requires the georeferencing of 
all achieved damage data, the definition of the land-use category and highest recorded water depth 
for the site for all data. The georeferencing process consists of the overlaying of the Regional 
Technical Map at a scale 1:10000 with the digital orthophoto of Capoterra territory, the land use 
map, and the georeferenced collected data as shown in Figure 3. The Residential and Commercial 
damage data have been cross-checked with Google Street information and Capoterra cadastral 
shape file in order to confirm a correct association for each collected element with the exact 
building cadastral area and civic address. The resulting samples have been submitted to statistical 
analysis with the aim of obtaining representative specific regional damage estimation in Euros per 
square metres for each land-use category. 

The appraisal of the residential data returns total damages of € 11.53 million for a total area 
equal to 507945.57 m2. The statistical analysis applied on the sample returns a maximum specific 
damage value of 630.58 €/m2 and a mean value of 40.78 €/m2. In a second stage, the statistical 
analysis was reapplied to avoid an overestimation of the damaged area caused by using the whole 
cadastral area instead of the real built area of each dwelling. The evaluated total damage of € 11.53 
million was consequently coupled with a reduced area of 165869.59 m2 and as a result the 
maximum damage value rose to 1050.97 €/m2 and the mean damage value rose to 117.97 €/m2. 
These results are justified considering that most of the residential buildings have large gardens that 
should not be counted in the analysis. 

A second evaluation stage aims to find the distribution of flood damage in function of water 
depth by obtaining water depth–damage functions for a comparison with the JRC residential water 
depth–damage function. The sample has been analysed considering categorization of the water 
depth in steps of 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 m. Figure 4 highlights the differences between the 
interpolation of the obtained mean values and the JRC curve. Some analysis of the recorded data 
highlighted that damages that had been documented do not completely represent the real total cost 
of flooding in residential areas. This fact was related to the impossibility of obtaining any kind of 
refund for some types of damages, and consequently the real values are not strictly documented by 
the amount of compensation claimed. Considering a global evaluation of this underestimation, a 
new curve was obtained from the sum of the mean plus standard deviation in each class. 

Considering the behaviour of the Capoterra curve in Figure 4, buildings mainly consist of one-or 
two-storey houses for which the main damage to contents occurs on the ground floor, where white 
goods and heating systems are usually located. Therefore a water depth of 0.5 or even 1.0 m is the 
cause of the main non-structural flood damage. When the water depth increases to more than 2.0 m, 
damage to structures occurs. For intermediate values, the main flood damages have been 
determined beforehand, and this justifies the quasi-steady trend of the water depth–damage function 
for intermediate values. Application of the Sardinian water-depth residential function gave an 
estimation of total damage of €17.39 million, while the damage calculated by the JRC methodology 
was € 22.56 million. 
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Figure 3. Residential, commercial and agricultural georeferenced collected data and land-use map for Capoterra. 

Figure 4. EU-JRC residential use depth–damage curve and collected damage data for Capoterra. 

4. POTENTIAL FLOOD DAMAGE EVALUATION: THE COGHINAS RIVER 
LOWLAND VALLEY 

Among the seven river systems in the Sardinian region, the basin of the Coghinas River lowland 
valley, located on the north-eastern coast of the island of Sardinia, was chosen as a pilot basin for 
the Sardinian FRMP. The potential flood damage is evaluated considering the JRC model approach 
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with the changes described above for the water depth–damage function. The main river path 
extends over 115 km, covering a catchment area of around 2453 km2. The flow rate discharged by 
the Coghinas River is controlled by two important dams: Muzzone and Casteldoria dams. The 
hydraulic analysis has been developed considering a steady flow hypothesis and defining the 
upstream and downstream boundary conditions supplied by the PSFF. The upstream boundary 
condition assumes a steady flow rate for every flood return period, as reported in Table 3. The 
downstream boundary condition considers a free water surface 1.8 m above the standard sea level. 
Modelling of river flood flows has been developed through the US Army Corps of Engineers 
software HEC-RAS 4.1 for three return periods of 50, 100, and 200 years, confirming the flood 
hazard zones already shown in the PSFF and in Figure 1. The 2 years floodplain has been used to 
identify the river banks in the territory and the Manning rough coefficient for the riverbed and 
adjacent area information obtained through digital orthophotos analysis at a scale definition of 0.20 
m. The hydraulic simulation was carried out using a DTM of the area with a scale of 1 m and 
intensifying the cross-sections near critical points as bridges and urban areas. The flood-prone area 
for each return period has been converted into a shape file with a cell resolution of 3 × 3 m. Each 
cell is described by the water depth and land-use category. 

 
Table 3. Upstream flow rate (m3/s) for the assigned return period (years). 

Tr = 2 Tr = 50 Tr = 100 Tr = 200 
433 2950 3745 4460 

 
The potential flood damage evaluation was developed by applying the water depth–damage 

functions for the different land-use categories, modified for residential uses as previously described. 
The evaluation procedure is synthesized in the flowchart shown in Figure 5. An algorithm was 
implemented using the software ArcGIS: in each cell a proper value of the α coefficient was 
evaluated, depending on the water depth. The total flood damage is assessed by a merge process for 
the whole flood area, also giving the magnitude of the damage for each land-use macro-category. 
The GIS procedure returned a floodplain shape file characterized by a grid-code of water depths 
with cells of 9 m2. 

The flood damage estimation for each return period is shown in Table 4. As expected, the results 
show the increase of the potential damage as the flood return period increases, especially for 
urbanized land-use categories. 

5. COMBINING STRUCTURAL ACTIONS FORFLOOD RISK MITIGATION  

In a final step, the economic flood damage assessment of the current (baseline) scenario is 
compared with a new scenario where structural mitigation measures are defined to protect mainly 
urbanized areas. Here we report the main results of an extended analysis, which is available from 
ARDIS (2015). Structural works for flood mitigation are based on four main interventions: 1) a new 
levee (2,029 m extended) on the right river bank to protect urbanized areas; 2) demolition of the two 
old bridges that are inadequate for flood flow; 3) improvements of existing levees on the left river 
bank (total length equal to 8,495 m); and 4) improvements of drainage works in lower-level areas. 
The realization of this mitigation scenario requires a total economic investment of about € 21.7 
million. The annual maintenance costs also account for € 274,000 per year. A new economic 
evaluation is therefore necessary to recalculate the potential reduction in flood damages following 
this structural intervention scenario. The results are given in Table 5. 

The mitigation measures scenario requires re-running of the hydraulic models and recalculation 
of the potential flood damage. The importance of this step is underlined by the decrease in the flood 
area. The comparison between potential damages in the baseline scenario and the scenario with 
mitigation measures (including the construction costs of protective measures and contingent other 
mitigation measures) was analysed within a cost–benefit analysis approach. 
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Figure 5. GIS flowchart to determine the flood damage. 

 

Figure 6. Flood maps of the Coghinas River lowland valley basin. 
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Table 4. Evaluated potential damages and areas of the Coghinas River lowland valley – current scenario. 

Label 
Land-Use 
Category 

TR 
50 

TR 
100 

TR 
200 

Area (m2) Damage (€) Area (m2) Damage (€) Area (m2) Damage (€) 
A 13'055'381 5'221'925 13'219'059 5'688'986 13'319'222 6'019'251 
C 41'021 7'581'223 41'969 9'107'924 42'396 10'304'961 
I 53'292 7'193'880 70'330 9'150'344 73'184 10'950'897 
J 2'075'232 - 2'099'058 - 2'119'113 - 
K 22'310 - 26'687 - 40'014 - 
N 42'576 168'716 45'321 204'835 45'786 232'406 
P 99'089 802'391 104'138 979'904 111'261 1'137'800 
R 114'945 23'916'273 135'434 31'182'354 148'135 37'856'384 
T 213'333 3'497'885 217'036 4'054'690 220'499 4'504'593 
X 634'887 - 656'570 - 673'836 - 

Total 16'352'066 48'382'292 16'615'603 60'369'036 16'793'446 71'006'292 
 

Table 5. Evaluated potential area and damages in Coghinas River lowland valley – mitigation scenario. 

Label 
Land-Use 
Category 

Baseline  
Scenario   Mitigation Measure Scenario 

Area (m2) Damage (€) Area (m2) Damage (€) 
A 13'319'222 6'019'251 4’396’981 2'634’604 
C 42'396 10'304'961 19’359 7'956’705 
I 73'184 10'950'897 11’983 3'843’127 
J 2'119'113 - 2'616’783 - 
K 40'014 - 34’736 - 
N 45'786 232'406 28’629 252’514 
P 111'261 1'137'800 23’967 291’544 
R 148'135 37'856'384 58’371 19'842’025 
T 220'499 4'504'593 80’929 2'742’693 
X 673'836 - 648’948 - 

Total 16'793'446 71'006'292 7'920’688 37'563’213 

 
As previously asserted, we need a rational decision-making tool, and a cost–benefit analysis 

allows definition of the economic efficiency of the considered options for flood risk reduction. 
Obviously, the realization of the mitigation measures should return an amount that is adequate to 
justify their cost. Economic analysis shows that achieving a balance between benefits and costs 
takes about 40 years after implementation of the intervention, as highlighted in Figure 8. The results 
in terms of the reduction in the amount of flooded land are given in Figure 7. 

 

Figure 7. Flood map of the basin of the Coghinas River lowland valley for a return period of 200 years and the related 
mitigation scenario 
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Figure 8. Flood damage reduction curves and cumulative present value of costs and benefits. 

6. CONCLUSIONS 

The paper aims to illustrate the framework of FRMP development for the Sardinian region in 
accordance with the requests of the Flood Directive 2007/60/EC. Since every hydrographic district 
basin of the European territory is arranging its own FRMP, it can be useful to provide 
documentation of statements regarding different plans and related methodologies for damage 
evaluation, particularly for the direct-tangible type and for settlement of structural mitigation 
measures. According to several researches, the indirect tangible damage can be evaluated as a 
percentage of the direct tangible damage considering how the area under analysis is exploited by 
society. For the case of the Sardinian region, water depth–damage relations are evaluated to verify 
the JRC model. The available collected data made it possible to obtain new water depth–damage 
functions that are correct for the Sardinian territory, at least considering the residential water depth–
damage curve. Further investigations are still in progress to confirm these depth–damage functions 
for other uses. 

The Sardinian FRMP bases the mitigation measures on the conveniently processed information 
from the Flood Risk Maps. Structural mitigation measures are outlined based on flood extensions in 
the territory with the support of potential damage evaluation. This process has been organized as a 
decision support tool to help the authorities in the arrangement of mitigation measure priorities 
steered by the flood risk level. The provision of these mitigation scenarios and the comparison of 
their economic efficiency can be obtained using a cost–benefit analysis approach. As an application, 
the flood damage in the basin of the Coghinas River lowland valley has been considered. Damages 
were evaluated, firstly in a baseline scenario and later in a mitigation measures scenario. The 
comparison of results shows a significant reduction of the expected damages and capital allowance 
in about 40 years. 
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