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ABSTRACT:

Climate change impacts on coastal zones (e.g. isetearosion, inundation, storm surges and watditguariations) are expected
to cause increasing risks to natural and humanemgstworldwide. Accordingly, it is necessary to depeinnovative
interdisciplinary approaches to effectively copehwilimate related risks and support decision n@kirocesses. Climate change
impacts affecting coastal communities and ecosysi@m greatly influenced by regional geographieatures, climate and socio-
economic conditions. Impact studies should theectoe performed at the local/regional level, takinp account site-specific
coastal vulnerability determined by environmentad socio-economic conditions (e.g. land use, gephwogy, vegetation cover,
population density).

In order to provide site-specific information abaatastal vulnerability to global climate change asgist coastal communities in
the assessment of climate related risks and indhwelopment of adaptation strategies, a GIS-basegioRa Vulnerability
Assessment (RVA) methodology was developed. The miainof the RVA is to make a ranking of key vulndeateceptors in the
considered region (e.g. beaches, wetlands, taadestrmarine biodiversity) and to define homogeameoulnerable areas that can be
considered as homogeneous geographic sites fatetfiration of preventive adaptation strategies. VA methodology is based
on multiple spatial vulnerability indicators thapresent coastal sensitivity from a range of cléwatated impacts (e.g. erosion,
storm surges flooding, changes in water qualityy employ a system of numerical weights and scdraswill led to a ranking of
vulnerable receptors/areas in the examined cosatdatory. By means of GIS tools, the RVA will prodguenulti-scale maps
representing relative vulnerabilities in the coesatl region and supporting coastal adaptation itnaté change and land use
planning processes.

Within the Euro-Mediterranean Centre for Climate Clea(@MCC, www.cmcc.it) the RVA methodology was appliedhe coasts
of the North Adriatic Sea in Italy. Based on theikde dataset for the case study area, the apiolicaf the RVA included the
analysis of different physical, ecological and seetonomic indicators (e.g. coastal topography,ngephology, presence and
distribution of vegetation cover, location of adiél protection) and of a subset of key vulneraigleeptors (e.g. beaches and dunes,
wetlands, estuaries and deltas). The main resntis/alnerability maps obtained for the coastal zofthe North Adriatic Sea are
here presented and discussed.

1. INTRODUCTION Traditionally much work has been done to understémel
overall significance of climate change impacts ovastal

Nowadays there is new and stronger evidence thabbayl systems at the global, continental and nationallesca

warming is likely to have profound impacts on cahst
communities (IPCC, 2007 WGII). Accelerated sea lavst,
increased storminess, changes in water quality ewastal
erosion as a consequence of global warming, aregten to
pose increasing threats to coastal populationastrfucture,
beaches, wetlands, and ecosystems. Beyond thigataases
represent an irreplaceable and fragile ecologe@dnhomic and
social resource. Being the result of a dynamic, edigtable
and interdependent set of subsystems, they are inateasing
pressure leading to coastal resources depletiomflicts
between use, and natural ecosystems degradation (ZIDIV)
308 final). Thus there is a growing claim of presgion,
protection, planning and management of coastal zahat
requires a specific integrated approach.
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(Hoozemans et al. 1993; Baarse 1995; Nicholls anchuvi
1998; Nicholls 2002, Shuang-Ye et al., 2008 Willaet al.,
2009). However, only sub-national/regional to lostidies can
offer detailed information on site-specific impaetsd support
policy makers in the design of appropriate adaptasitrategies.
Risk and vulnerability assessment should therefore b
performed at the local or at most at the regioeag|l.

A first pass assessment should involve the analgéishe
exposure and sensitivity of a system to climatengba(e.g.,
sea-level rise, erosion, etc.), a full vulnerapilassessment
should incorporate the analysis of adaptive capacimponents
(Voice et al. 2006). Moreover, vulnerability is aulbi

dimensional concept encompassing a wide range of
biogeophysical, socio-economic, institutional andiltuwral
factors. Thus, vulnerability assessment requirestrans-

disciplinary approach based on the identificatibmmgpropriate



indicators representing different properties ofshelied system With the help of the supercomputing centre, the CMQG r
(Fu'ssel 2007). In relation to the conceptual fraomk  simulations with:

adopted, vulnerability indicators could reflect thetcome of a
defined climate hazard (e.g., monetary costs, humariality,
ecosystem damage, etc.) or the state of a syst&m tprthe
occurrence of the hazard event (e.g., geomorpheagi
biological and ecological features, population ritisttion, land
use, economic condition, etc.) (Brooks 2003). Asafrcoastal
systems are concerned, many important indicatorse we

1. a global circulation model (0.5 x 0.5 degrees
resolution) based on the coupling of the
atmospheric ECHAM and oceanic OPA-ORCA
models, to simulate future climate scenarios and
study climate temporal variability. Sea ice,
terrestrial and marine ecosystems are integrated in

proposed by different authors to assess vulnetab#iated to the model;
climate change and sea-level rise. The report®fjency for 2. a high resolution model for the Mediterraneaa se
the Assessment of Impacts and Adaptations to CliGatnge (1/16 degrees resolution);

(AIACC, 2006) provides geophysical indicators consitg . i )
geological characteristics of the coast (i.e. a@laseight, rock 3. models to simulate the environmental and socio-
typology, morphology and position of the shorelinayd economic impacts of climate change.

climate driving forces such as sea level, tidalatam, height of  1he modelling outputs are then used to assess telinimnge
wave. These indicators are used in order to orsemntific impacts on the economy, agriculture, on the marimel
efforts toward effective management or policy decis at the  terrestrial ecosystems, on coastal areas and oarhbealth.
.regllonal or national level. Wlthln the categorywefinerability  \yjithin CMCC the development of a Decision Support &yst
indicators, the U.S. Geological Survey (USGS, 2004¢s a (pss) for the integrated assessment of climate glhampacts
Coastal Vulnerability Index (CVI) to map the relative 5 coastal zones at the regional scale is beingdowated by
vulnerability of the coast to future sea-level ribenally, Klein ~ cyRr (Venice Research Consortium), whose partners fisr th
and Nicholls (1999) argue that vulnerability ind@a should  project are the National Research Council (CNR), thaalTi
represent both bio-geophysical and economical,titisal  Forecast and Information Centre of the Venice Cityr@iand
and socio-cultural factors. . the Ca’ Foscari University of Venice.

Climate change is a geographic problem consequentigccording to Torresan et al. (2007), the DSS isetlasn a
vulnerability indicators rely on GIS for data maeagent and  framework that integrates tools and methodologies the
spatial visualization in order to improve the urstlending of  qentification of potential climate change impacisd the
spatial and temporal distribution of climate chamgpacts and  gg5essment  of bio-physical and socio-economic @oast
drive decision making processes. o vulnerability, in order to rank relative risks ihet considered
With the main aim to prioritize potential impactaygets and region. For this purpose, the framework structsredmposed
vulnerable areas to climate change at the regiscale, GIS-  of 3 main phases: thecenarios Construction phase which is
based vulnerability indicators were developed wittiie Euro-  gimed at the definition of future climate scenariog the
Mediterranean ~ Centre for Climate Change (CMCC,examined case study area at the regional scaldntégrated
www.cmcc.it) and applied to the coast of the Nodtffriatic impact and risk assessment phase which is aimed at the
Sea. Vulnerability indicators are part of a Regionalproritization of impacts, targets and affected aareat the
Vulnerability Assessment (RVA) methodology thatnsluded regional scale, and thBisk and impact management phase
in a Decision Support System (DSS), aimed at sugmision-  which is devoted to support adaptation strategies the
makers in managing information on climate changeafthand  reqyction of the risks and impacts in the coastakz according
vulnerability, assessing related impacts and risk&) design  to |CzM principles. Within the aforementioned franuew, the
adaptation strategies at the regional scale. main output of the second phase is the developmE@IS-
After a brlef descrlptlon. of the CMCC centre r.;.md.af tase pased risk and vulnerability maps. Risk mapping btaimed
study area, in the following paragraphs, the maijectives and  hrough the integration of Hazard maps representing
functionalities of the RVA methodology will be presed and exposure to climatic changes against which a systpenates

discussed. (e.g. inundation level); and Vulnerability maps nesgenting the
spatial distribution of environmental and socioemmic
2. THE EURO-MEDITERRANEAN CENTRE FOR vulnerability factors.
CLIMATE CHANGE The DSS include the analysis of coastal vulnertgtiti climate

. . .change at the regional scale and was applied teake study
The E_uro-Medlt_erranean Centre for Climate Change (CMEC) Iregion represented by the coastal area of the BortAdriatic
a national (Italian) research centre devoted to ghely of Sea (Figure 1). The approach used to characterzstal

C”".‘ate change and its_ impacts, focusing on theiME_ranean vulnerability for the study area is presented arstubsed in
region. The Centre main headquarters are locatéedne and this paper

six other satellite offices are distributed in tiest of Italy. The
main partners of the Centre are: INGV (National itng for
Geophysics and Volcanology, project leader), CVR {v@n
Research Consortium), FEEM (Enrico Mattei ENI Fouimgt
the Universities of Lecce and Sannio, and CIRA @tlCentre
for Space Research).

The CMCC make use of a new supercomputing centrestasit
inaugurated in January 2009. It is composed of test-
generation supercomputers that allow to run nurabrimodels
of different complexity and realism, in order tady the natural
variability of the climate and the climatic changegith a
particular emphasis on the European and Meditearanegion.



3. CASE STUDY AREA
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Figure 1:case study area.

The area considered in the Case study involvesdhstal zone
of Veneto and Friuli-Venezia Giulia regions, boidgr the
North Adriatic Sea with a overall length of abou862km

(Figure 1). The coast of the case study area rimrsgathe
Adriatic Sea from the national border between Italgd
Slovenia to the mouth of the southern tributaryhaf Po Delta
system (i.e. Po di Goro). From north-east to sougbt,

between the Slovenian border and the Timavo riventin the
coast is high and rocky with few narrow beachesthmn rocky
coast there can be found the gulf of Trieste anaraé bays
(e.g. Sistiana bay). Moving southwards, from Mocdalke to the
Po river delta the coast consists of low sedimgrghores. The
overall continuity of the coast is interrupted kgveral river
outlets (e.g. Tagliamento, Isonzo, Livenza, Pidrenta, Adige
and Po) and lagoons (i.e. Marano, Grado and Veaeons
and the lagoons of the Po river Delta). From a inolgygical

point of view the sedimentary shores of the caselystarea
include straight littoral coasts, lagoonal barrigands, spits,
river outlets and salt marshes.

Considering the administrative aspects, the casdystuea
refers to the Friuli-Venezia Giulia Region, includin3

provinces and 8 coastal municipalities from the v8ioan
border to Tagliamento river mouth; and to the Verigegion,
including 2 provinces and 10 municipalities fromgliamento
to Po river mouth.

The main coastal activities of the Case study area
petrochemical industry, tourism, fishing, seappdrft activities
and ship traffics.

On the whole, the Northern Adriatic Sea coast, aisep a very
precarious coastal environment subject to
morphological changes that can be appreciable evenshort
geological time scales (Gambolati and Teatini,
Moreover, erosion is still active in many areashbon the

coastal sea floor and on the beach since the hiegirof the

20th century and especially after 1960 (Bondesal. £1995).

Many areas, particularly around the Po river De#tee also

located below the mean sea level and affected lyradaor

man-induced subsidence (Pirazzoli, 2005). Furthezmthe

municipality of Venice has been experiencing arrease of

high tide events with consequent flooding of they ci
(www.comune.venezia.it).  Accordingly the assesdmeh

climate change impacts and vulnerability on th&aas an issue
of increasing importance.

In the next paragraph the vulnerability assessmeathodology

adopted to study climate change impacts in the sasly area
will be described in more detail.

contisuouRegions

2002 administrative boundaries of coastal

4. CLIMATE CHANGE REGIONAL VULNERABILITY
ASSESSMENT TO SUPPORT INTEGRATED COASTAL
MANAGEMENT

According to the framework proposed for the intégpa
assessment of climate change impacts on coastak zanthe
regional scale (paragraph 2), the main aim of theAR¥ to
make a ranking of key vulnerable receptors in thesiered
region (e.g. beaches, wetlands, terrestrial or meari
biodiversity) and to define homogeneous vulneraskas that
can be considered as homogeneous geographic sitethef
definition of preventive adaptation strategies.
In order to investigate the potential impacts aslisrposed by
climate change on coastal zones, the RVA requites
characterization of the territorial vulnerabilitpcinvolves the
development and application of a range of vulnditgbi
indicators and indexes, representing the sensitiat the
coastal communities, systems or assets to the dagaffects
of climate change hazards (Torresan et al. 2008)s€uently,
in order to identify site-specific targets and argalnerable to
potential climate change impacts in the consideegion, a
subset of vulnerability indicators was defined apglied to the
coasts of the North Adriatic Sea.
According to Voice et al. (2006) and the Australgotiety of
Coastal Zone Management (www.0zcoasts.org.au) ulhees of
vulnerability indicators encompass a wide range of
biogeophysical and socio-economic factors reprasgnthe
coastal vulnerability to climate change at theaagl scale, and
was selected taking into account the availabilitf o
environmental and territorial data for the studgear
Available data were provided by various public itagions in
graphic format or database, and include a 5 m &ligitevation
Model (DEM) supplied by Veneto Region and a 10 m D&M
Friuli Venezia Giulia Region, the digital Corine Lam@bver
(CLC2000) database (e.g. wetlands, vegetation cover,
hydrological systems, dunes)
(http://mmw.clc2000.sinanet.apat.it/cartanetclc2@@2000/pr
odotti.asp), a list of Natura 2000 sites (i.e. Zi@ SIC areas)
supplied by regional authorities, coastal datatidetl in the
Geographic Coastal Information System (SIGC) (e.@ast
amorphology, sediment budget, artificial protectipns
implemented by the Italian Environmental Protectidgency
(APAT, now called ISPRA) (http://www.mais.sinanetayi),
technical regional maps supplied by the Veneto &nidli
(www.regione.veneto.it  /Ambiente+e+Terridri
www.regione.fvg.it/rafvg/territorioambiente), and
municipalitiesd

t

provinces furnished by regional authorities.

Consequently, the proposed set of vulnerability dattirs
includes various geophysical factors (e.g. geormuggy,

elevation), bioecological factors (e.g. vegetatiomer, wetlands
distribution) and socio-economic factors (e.g. pnee of fish-
farms, protected areas). Each indicator was dividietd

vulnerability classes with different scores and wesed to
construct vulnerability maps, representing the etdbility of

the coastal region to the investigated impactss&meaps allow
the visualization and prioritization of vulnerableoastal
receptors; the identification of more sensitive agrén the
coastal territory and the location of more suitabteas for
human settlements, infrastructures and economiovitées.

Moreover they allow an easy and flexible visualmat of

vulnerabilities for stakeholders and decision maker



5. CONCLUSIONS

The proposed RVA approach is an innovative waytaodysthe
sensitivity of coastal zones to climate change itpat the
regional scale and support the development of @ffedCZM
taking into account the increasing issues relatedclimate
change.

In particular the application of the Regional Vulmgitity
Assessment methodology will led to a ranking ofatige
vulnerabilities in the examined coastal territondawill allow
the identification of the potential for harm fromrange of
climate-related impacts (e.g. inundation and coastesion).
The main issues related to the application of iatirs and the
construction of maps are the diversity of data eesirformats,
and spatial scales that introduced geographicarsern the
assessment of vulnerability. Moreover, to deal withmerous
and heterogeneous data is often time-consumingamgputing
demanding. Finally, at the regional/local scale geometrical
complexity of vulnerability mapping is amplified.
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