
3° SALONE SULLA TUTELA DELLA COSTA 
COAST PROTECTION EXHIBITION 2ND  EDITION 

G3-Giornate Giovani GNRAC 
Quartiere Fieristico di Ferrara, 21 Settembre 2012 

 

Coastal vulnerability assessment to climate change.  

CVI Index application to Sardinia northwest coastal areas 

Alessio Satta 



G3-Giornate Giovani GNRAC 

Ferrara, 21 Settembre 2012  

Contents 
 

1. Introduction  

2. Needs of coastal management for sound adaptation to Climate 

Change 

3. Objectives of the research 

4. Methodological approach 

5. Relevant theoretical background related to vulnerability to climate 

change 

6. Relevant characteristics of methods for assessing coastal 

vulnerability to climate change 

7. Overview of several assessment methods with respect to coastal 

vulnerability indexes 

8. CVI application to the coastal areas of CAMP North in Sardinia 

9. Which Index for North West Sardinia coastal areas ? 

10. Results 

11. Conclusions and future development 



G3-Giornate Giovani GNRAC 

Ferrara, 21 Settembre 2012  

1. Introduction 
 

• Coastal zones may be affected by climate change through effects 

such as sea level rise and coastal erosion;  

• Human-caused changes enhance this natural phenomenon 

through the construction of buildings, roads, and seawalls; as a 

result, shorelines erode more rapidly;  

• Vulnerability of coastal areas is specific to a given location, sector 

or group and depends on its ecological and socio-economic 

characteristics;  

• Furthermore it is dynamic because exposure, sensitivity and 

adaptive capacity vary by time, by stimulus and depend on several 

ecological, social, economic, political and technological aspects.  

• After the coastal vulnerability assessment of a the nortwestern 

coastal areas of Sardinia ICZM approach is adopted by 

“Conservatoria delle Coste” for coastal adaptation to Climate 

Change and human activities pressures.  
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2. Needs of coastal management for sound 

adaptation to Climate Change 
 

•Sustainable management of costal zones depends on the success of an 

integrated adaptation to climate and other changes that takes into consideration 

and promotes the system’s adaptive capacity;  

•Generally adaptation to climate change is poorly addressed in integrated 

coastal zone management studies; 

•An adequate definition of spatial and temporal scales is fundamental in 

vulnerability assessment, attempting the establishment of good management 

actions and adaptation options;  

•Nicholls et al. (2007) refer that when efforts to reduce climate-related risks to 

coastal systems are reactive and standalone they are less effective than when 

they are part of integrated coastal zone management (ICZM);  

•ICZM is recognised as the most appropriate process to deal with climate 

change, sea-level rise and other current and long-term coastal challenges 

(Nicholls et al., 2007; Nicholls and Klein, 2005). 
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3. Objectives of the research 
 

1.to review the current status of Coastal 

Vulnerability Assessment tools and methods 

 

2.to identify a robust and “easy-to-use” method for 

coastal vulnerability assessment at the local scale 

 

3.to apply this method to the Sardinian north-

western coastal areas 
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4. Methodological approach 
 

• First, the relevant theoretical background related to vulnerability to 

climate change is reviewed 

• Secondly, an introduction to the relevant characteristics of methods 

for assessing coastal vulnerability to climate change, with a 

particular attention to the European and Mediterranean context, is 

provided.  

• Thirdly, an overview of several assessment methods is provided, 

with respect to coastal vulnerability indexes. GIS based and Model 

based methods will not be analysed in this paper. 

• Finally, a specific method is adopted to assess the northwestern 

coastal of Sardinia by presenting current limitations and possible 

room for improvement.  
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5. Relevant theoretical background 

related to vulnerability to climate change 
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5.1 Definition of coastal vulnerability 

 

 

 

 

 
 

• Vulnerability is a function of the character, magnitude, 
and rate of climate change and variation to which a 
system is exposed, its sensitivity, and its adaptive 
capacity (IPCC, 2007). This definition implies three 
important concepts: exposure, sensitivity and 
adaptive capacity.  

• The vulnerability of coastal systems to sea-level rise 
and to other drivers of change is determined by their 
sensitivity, exposure and adaptive capacity (Nicholls 
and Klein, 2005).  

• Vulnerability Assessment of Coastal Zones concept 
was originally introduced by the IPCC’s Coastal Zone 
Management (CZM) sub-group in 1991 and is defined 
as “a nation’s degree of capability to cope with the 
consequences of sea-level rise.”  
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5.2 Conceptual framework for climate change impacts, 

vulnerability, disaster risks and adaptation options  

(source: EEA, 2010a; ETC-CCA, 2010b) 
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5.3 Spatial and temporal dynamics of coastal 

vulnerability 

• Vulnerability is specific to a given location, sector or group and 

depends on its ecological and socio-economic characteristics 

(Hinkel and Klein, 2007). 

• The adaptive capacity of coastal zone systems is also specific and 

varies among countries, communities, social groups, individuals 

and over time, and its scales are not independent or separate 

(Smit and Wandel, 2006).  

• A more detailed approach at the local and regional scale is 

essential to understand and manage the complexities of a specific 

study area and allows the identification of more specific vulnerable 

areas and sectors that could support policy decision making in the 

design of appropriate adaptation strategies (Torresan et al., 2008).  
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5.4 Coastal Vulnerability to climate or/and non-

climate drivers? 

 
• A major source of uncertainty is how sea level rise will manifest itself at regional 

scales (Nicholls and Klein, 2005); 

• Other climate-related effects in coastal zones besides sea-level rise are: change in the 

frequency, intensity and spatial patterns of coastal storms and changes in wave 

climate; 

• Coastline is constantly changing through the action of several factors such as wave 

height and direction, wind speed, water depth, sediment supply, tides strength , 

rainfall and the frequency and intensity of extreme meteorological and climate 

events, including storm surges; 

• Coastal ecosystems are also particularly sensitive to the increase in sea surface 

temperature, ocean acidification, salt water intrusion, rising water tables and to 

altered runoff patterns (ETC-ACC, 2010a);  

• Climate change has an influence over all these drivers and therefore introduces 

further vulnerability to coastal zone systems; 

• Coastal systems suffer great pressures from direct and indirect effects resulting from 

several human-induced drivers linked to population and economic growth.  

• Climate change impacts will therefore result from the interaction between climate 

and non-climate drivers, traduced in significant regional variations (Nicholls et al., 

2008).  
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6. Relevant characteristics of methods for 

assessing coastal vulnerability to CC 

• Address different temporal scenarios, with particular concern for the 2050 

and 2100 time horizons.  

• Assess vulnerability related to different climate change impacts. Other 

impacts can be regionally important and shall therefore be addressed too, 

including: coastal erosion, saltwater intrusion in rivers and groundwater, impact 

on wetlands, etc. 

• Applicability to different typologies of coastal systems.  

• Assess vulnerability of both socio-economic and natural-ecological 

systems. 

• Consider adaptation measures in the assessment, both in terms of already 

implemented measures and scenarios of future adaptation. 

• Produce different outcomes; in particular maps and/or indicators able to 

illustrate how vulnerability.  

• Trade-off between completeness and complexity/simplicity in the use of 

the method.  
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7. Overview of several assessment methods 

with respect to coastal vulnerability indexes 
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7.1 Different categories of coastal vulnerability 

assessment methods  

 1. Index based methods: CVI, Multiscale CVI 

2. GIS based methods:  DESYCO (Torresan et al. 

2010), DITTY-DSS (Mocenni et al., 2009).  

3. Model based methods:  

• Sector models, mainly focusing on specific 

sectors, themes or scale of application, including: 

BTELSS, SLAMM and FUND; 

• Multi-scale and multi-sectors models, including: 

DELFT3D, DIVA and SIMCLIM. 
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7.2 CVI index and its limitations 

 

• As widely recognised (ETC-ACC, 2010b), the greatest CVI 

limitation is its incapacity to include socio-economic 

aspects (such as for example number of people affected, 

infrastructure potentially damaged or costs associated to 

coastal vulnerability) in the assessment of coastal 

vulnerability (Gornitz et al., 1993; Cooper and McLaughlin, 

1998).  

• To deal with this main limitation, two main possible 

approaches are available:  

1.use of the original CVI index in association with other 

indicators and integrated indexes able to more properly 

represent the complexity of the coastal system;  

2.evolution of the original formulation of the CVI index 

taking into account the socio-economic systems, too.  
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7.3 Multi-scale coastal vulnerability index 

McLaughlin and Cooper (2010)  

 • Integrates three sub-indices: (i) a coastal characteristic sub-index, 

describing the resilience and coastal susceptibility to erosion, (ii) a coastal 

forcing sub-index, characterising the forcing variables contributing to wave-

induced erosion, (iii) and a socio-economic sub-index, describing targets 

potentially at risk.  

• The identified variables (a set for each analysed spatial scale) are ranked 

according to a 1-5 scale (according to Gornitz, 1990) being 5 the highest 

value and 1 the lowest. Sub-indexes are calculated by the sum of the 

values of the relative variables; the obtained number is then standardised to 

the range 0-100.  

• E.G. application to Northern Ireland application (McLaughlin and Cooper, 

2010 ): 
• Coastal Characterization (CC) sub-index = {[(sum of CC var.) – 7]/28} x 100 

• Coastal Forcing (CF) sub-index = {[(sum of CF var.) – 4]/16}∙x 100 

• Socio-Economic (SE) sub-index = {[(sum of SE var.) – 6]/24}∙x 100 

• The final CVI index: CVI = (CC sub-index + CF sub-index + SE sub-index) / 3 
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8. CVI application to the coastal 

areas of CAMP North in Sardinia 

An “easy to use” method 

is adopted to assess the 

northwestern coastal of 

Sardinia by presenting 

current limitations and 

possible room for 

improvement 
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More extreme JUGO  

events, “Libecciate”  

(Scartazza et al, 

2007) 

MISTRAL 

energy related 

to Sea Surface 

Temp increase 

Wind and related wave energy increase 
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9. Which Index for North West 

Sardinia coastal areas ? 

• Criteria selected for the choice: 

– applicable to a local scale 

– less emphasis on Sea Level Rise and more to other 

impacts (e.g. coastal erosion) 

– multiscale approach (physical and socioeconomical) 

 

• Multi-scale coastal vulnerability index (McLaughlin and 

Cooper, 2010) with some arrangements  

 



(source: own elaboration based on McLaughlin and Cooper, 2010). 
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10. Results 

 Vulnerability level 

0 < CVI < 20 Very Low 

20 < CVI < 40 Low 

40 < CVI < 60 Moderate 

60 < CVI < 80 High 

80 < CVI < 100 Very high 

 

13 Physiographic Units 

The sub-indexes of CVI are calculated 

through the following formulas: 
Coastal Characterization (CC) sub-index = 

{[(sum of CC var.) – 5] / 20} x 100 

Coastal Forcing (CF) sub-index =  

{[(sum of CF var.) – 3] / 12}∙x 100 

Socio-Economic (SE) sub-index =  

{[(sum of SE var.) – 6] / 24}∙x 100 



	



G3-Giornate Giovani GNRAC 

Ferrara, 21 Settembre 2012  

11. Conclusions and future development 
 

• Coastal vulnerability assessments to climate change are mainly centred on relative SLR 

and less focussed on other climate change dimensions and even less on non-climatic 

environmental and socio-economic changes.  

• It is important that coastal vulnerability assessments follow an integrated assessment 

approach considering climate and non-climate induced environmental changes as well as 

socio-economic developments and their interaction.  

• CVI, beside Model approaches, represents a first step in a continuous process of 

assessment and can represent a valid tool for decision; 

• Nevertheless CVI for being a robust DSS needs higher detail (further studies at the local 

level). 

• Monitoring of key relevant parameters for coastal areas is essential (remote and in-situ) 

especially for waves, wind and more in general offshore variability. 

• Socioeconomic sub-index considers only elements like general infrastructures and 

settlement. Integration of other economic variables like tourism (both supply and 

demand), agriculture or fishing (e.g. species affected by temperature variation) is needed. 

• GIS can be used to process spatial data related to CVI variables and produce maps 

highlighting CVI spatial distribution.  

• The application of the CVI confirms the hypothesis on Alghero and Stintino units 

vulnerability 


