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Regional vulnerability and risk assessment accagnfior local building

typologies

Maria Polese*, Marco Di Ludovico, Marco Gaetani cdé§ona, Andrea Prota and Gaetano
Manfredi

Department of Structures for Engineering and Aretiiire, University of Naples Federico Il, Italy

ABSTRACT

Seismic risk analysis allows investigating the @uences of earthquakes in a region of interest.
Most of the existing risk-oriented studies focusraw developments and/or on the integration of
most up-to-date information in the fields of seismazard evaluation and vulnerability assessment.
Conversely, no specific effort was devolved on eatihg the influence of exposure modeling; most
of the studies rely on census data at the munitgp@l for the development of building inventory.
Building inventory may change if more information wulnerability factors for building typologies

is considered and this may lead to a differentvestion of losses with respect to those based on
traditional inventories relying on census data eldrhe recent Cartis approach, based on interview,
represents an advancement for compilation of regiscale inventories; it allows to rapidly acquire
much more data on building typologies with respieatensus returns. This paper explores the issue
of exposure modeling by comparing the seismic cskputed at the regional scale starting from
variable knowledge levels of the building envirommelt will be shown that the seismic risk
computed starting from the enhanced exposure mmagédi generally higher with respect to the
standard census-based one. The seismic risk cameédy doubled for some towns, and the
variation is more significant for smaller towns {wvsmaller number of inhabitants). This result may
have a significant influence on evaluations tha based on comparative risk analysis at the
regional scale, conditioning decisions towards risitigations campaigns or calibration of
insurance premiums.
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1. INTRODUCTION

Seismic risk analysis is probably the most appadpriool for investigating the consequences of
earthquakes in a region of interest, particularlyew the purpose is planning and preparation of
long-term risk reduction policies. Indeed, withstlnalysis approach, entailing the convolution of
the seismic hazard with vulnerability and exposoféhe assets at risk, all the seismic sources
affecting the region are considered and the raagtnobability of potential earthquakes striking the
area in a given time interval is effectively comsid. This “integral” approach allows objective
comparison among the results for different munidies in the studied region suitably accounting
for all the components of seismic risk, includiragzhrd.

Several studies performed nation-wide or urbanllesi assessments adopting macro-seismic
intensity scales to represent seismic hazard [&]¢4], among other). More recently, quantitative
intensity measures such as peak ground motionexetiein PGA or spectral acceleration Sa(T) at
the fundamental period T were adopted for charaetgon of seismic hazard, e.g. [5]-[9]. The
focus in the latter studies was in the integratbthe most up-to-date information in the fields of
seismic hazard evaluation and vulnerability assess$ifb]-[8], or in the development of specific
risk targeted indicators at the municipal level dzth®n suitable seismogenic model for each
analyzed area [9]. Results of seismic risk analligige been already used in the past to establish
repartition of funds for seismic risk reduction [401] or for planning of risk mitigation campaigns
[12]-[13]. Also, risk studies are adopted as benatkrevaluations facilitating the calibration of
insurance premiums for buildings [14]-[15]. Themefothe proper consideration of local building
features at the territorial scale is a key aspethieé scope of rational risk reduction programs.

On the other hand, no specific effort in past gtkdies was devolved on the exposure side of the
problem, with most of the studies simply relying oensus data at the municipal level to
characterize the building stock towards territorisk assessment. Recognizing the lack of reliable
exposure data for the entire Italian territory[16] typological seismic risk maps were derived.
There exists different type of models for assessmkseismic vulnerability for buildings and main
ones may be classified as empirical and analytit@iner ones derive vulnerability functions based

! List of abbreviations:

Awij» Arci= the built area of thé"jM or RC building class, respectively

A= the total built area in a town

CE = Census-based inventory (and/or related results

CC = integrated Census+Cartis inventory (and/ateel results)

CF = correction factor for seismic risk modificatio

CU = unit cost (€/ff) including technical expenses and VAT;

C, = altimetric class of the town;,¢, = population class of the town

C; = seismic class of the town (according to [54])

dn = mean value of damage over the entire municipalit

dm.e9= mean value o, in the intensity rangb=6+9

ERD = earthquake resistant design; M = masonry=Ré€inforced concrete

L= seismic risk expressed in terms of direct ecoicdasses

Lce = seismic risk L calculated starting from CE intay

Lcc = seismic risk L calculated starting from CC intaay

AL=L cd/Lcg ratio of losses calculated using CC or CE inventor

NT = Number of towns; N, = population number residing in the sample towns
PGA = peak ground acceleration

Sa(T) = spectral acceleration at the fundamentabgd of the structure

V = vulnerability indexAV = variation of vulnerability index

VF = vulnerability factor

TS = town statistics; ST = sample towns; TC = t@empartment;

Up, = represents the mean damage of the discrete @adistgbution at intensity |
App .9 = variation ofup, due to the variatioAV, averaged for intensities 6 to 9



on the statistical treatment of observed damage péist earthquakes (e.g. [2],[17]-[21]), while the
latter evaluate seismic fragility curves relying dwilding modeling and simulation-based
assessment of building damage due to earthqualge442]-[28]).

Concerning building inventory, the simpler appro&ithe one proposed by the European macro-
seismic scale EMS-98 [29], where the only paramateded to classify buildings is material of the
lateral load resisting system. However, several etsodor assessment of seismic vulnerability
consider additional information on significant lalig features, as e.g. construction age or the type
of horizontal system, to obtain a significant cifasation for vulnerability assessment
([17],[20],[30]-[31]). Such kind of information malye achieved with building-by-building survey,
that is costly and time consuming and is therefgpcally applied only during post-earthquake
vulnerability and damage survey campaigns or tegirstte and/or verify poor data in benchmark
studies of spatially limited areas, e.g. for s&ddbwn districts (e.g. [32]).

For large scale assessments, the inventory is drétyubased on census data, which are cheap
sources of information available over a large seal@ dispatched in aggregated form (i.e. for group
of buildings) for geo-localized cells. ConsideriBgropean countries, the information on buildings
from census returns is often limited to construttge and storey number [33]. Therefore, the basic
census information is often integrated by moreessIrapid in situ surveys (e.g. by external visual
screening) for the evaluation of earthquake sceaati the town level ([32], [34]-[37]). For larger
scale assessments, e.g. at regional or even nasic@e, other integrative approaches to increase
the information available in building inventory shd be used. Innovative image-processing based
techniques, using high resolution (HR) optical kiééeimagery or from airborne radar sensors, are
attractive due to their rapidity and automation #ralpotential spread over large regions of interes
[38]. However, parameters that are more importanttilnerability assessment, such as building
materials or the type of horizontal system, carb®testablished based on earth observation data
alone. Therefore, other techniques should be atplie [39]-[40] data-mining approaches were
proposed. In [2]- [41], statistical studies basedpost-earthquake damage data were performed to
propose correlations between the structural elesnesed, and hence the vulnerability class, with
the age of masonry buildings. This way a census¢badassification can be transformed to a
classification relevant to vulnerability.

The recent interview-based Cartis approach [42]eldped in Italy in the framework of “Territorial
themes” ReLUIS project, financed by Italian Natib@avil Protection Department, supports the
compilation of regional scale inventories. The Gafidrm is normally compiled for an entire town,
suitably subdividing it in Town Compartments TCrEach TC, the form is filled by interviewing
expert technicians with relevant knowledge of buid features in the area and collecting
information on relevant building typologies in eat@. Such information is more detailed with
respect to the data available from census retunus supports effective use of more refined
vulnerability models. More than 300 towns in Italfrere investigated with the Cartis approach and
the data were uploaded a suitable web applicatlitmwiag the consultation of data from the
scientific community (https:\\cartis.plinivs.it n [43] the information collected through the Carti
form was used to improve building inventory accogdio three different vulnerability models [19]-
[20],[31]. The paper proposed an approach to coettie information available in Census database
with additional data gathered with the Cartis foend demonstrated its usefulness with an
application for a town in southern Italy. Howevan, estimation of the variation of the vulnerability
and consequently of the impact at the regionakssattill missing.



This paper exploits the results of Cartis-basedresurand evaluates the effect of adopting an
enhanced exposure assessment on the estimati@sofis risk at the regional scale. Differently
from other examples of large-scale risk assessmémes focus is on the effects of improved
building inventory, accounting for local territorspecific building features, on the possible
differentiation of building vulnerability within @aegion and on the resulting variation of seismic
risk.

In this work, a sample of 26 towns for which thert@Saform is compiled, covering nearly 10% of
the population in Campania region, is studied, eatathg the variation of mean town vulnerability
and total annual risk considering or not the adddi information from Cartis. It will be shown that
such variation depends on the population clasg @ the town (see section 4 for description of
Coop) and generally decrease with increasing,dHence, suitable correction factors are calibrated
varying Gop The global risk, in terms of direct economic kssis firstly estimated for the towns
of whole the region starting from census-baseddmgl inventory (CE). To this end, the IRMA
platform for computation of seismic risk, developby Eucentre, was employed [44]. Next,
applying the correction factors to each town, dejpgnoncC,,, the global risk is modified to obtain
a new estimate accounting for region-specific bngdeatures. It will be shown that annual seismic
risk can result nearly doubled for smaller townspse having smaller population, while for
medium-large ones an increase of nearly 20%, ifitoeial-specific building features are
considered, can be expected.

2 SEISMIC VULNERABILITY FOR ORDINARY BUILDINGS

In this study, we employ the RISK-UE vulnerabilityodel [31] to evaluate the susceptibility of
ordinary, residential, buildings to earthquakes astimate the damage distribution after seismic
events of assigned intensity. A recent advancewfethe model was proposed in [44]; however, for
the purpose of the present investigation, we refehe original model, that is quite established an
already extensively applied in literature ([45]48The RISK-UE model employs the macro-
seismic method, that measures the seismic vulrgyahiterms of a vulnerability indeX and of a
ductility index Q, both evaluated taking into account the buildiggotogy and its constructive
features. The damage scale used in the model isrbalefined in EMS98 [29]. Five +1 damage
gradesDg (k = 0...5), including no damage, are defined in tmale considering the damage
observed for both structural and non-structural ponents. The hazard is described in terms of the
EMS-98 macro-seismic intensity which is considered as a continuous parametduaes with
respect to a rigid soil condition; amplificationfefts due to different soil conditions can be
considered with a suitable variation of the vulihdry parametev.

In the RISK-UE model, preliminary classification bfiildings depends only on the construction
material and basic information on the vertical cfnual system (masonry M or reinforced concrete
RC type) according to the EMS-98 approach. In paldr, 7 building types made of masonry (M1
rubble stone; M2 adobe — earth bricks; M3 simptnet M4 massive stone; M5 unreinforced
masonry — old bricks; M6 unreinforced masonry —fRGrs; M7 reinforced/confined masonry) and
3 of reinforced concrete (RC1 concrete moment fegnfi®C2 concrete shear walls; RC3 dual
system) are identified; the level of earthquakastast design ERD for RC buildings is also
considered. Adopting a fuzzy-random approach, thhaas transform the numerical linguistic
assignments of the EMS-98 scale into numericaleslderiving basic assignments of vulnerability
indexV" as well as ranges dfvalues corresponding to probablé/{") and less probabl&/(/V**)
behavior for 13 building typologies . As examplable 1 reports the Building Typology Matrix
BTM, extracted from [31], with th& ranges associated to buildings belonging to tygieko M3,
M4 and RC1 without ERD or with moderate ERD.



The correlation between the seismic input and thgeeted damage is expressed in terms of
vulnerability curves depending on the assessedevallity, described by a closed analytical

function:
Mo, = 2.5{1+ tanV{l +6'22/ _ 131]} (2)

In eq. (1) the mean damage, increases with the macro-seismic intensignd depends on the
vulnerability V; the paramete® controls the slope of the curves and may assufferehit values
depending on building typology. As observed in [34]value ofQ=2.3 may be assumed to be
representative for masonry buildings not specifycdésigned to have ductile behavior and also for
reinforced concrete buildings without ERD or witlwmi level of ERD.

Table 1. Vulnerability index valués for several cases of the building typology matBX¥M (adapted from [31])

Vulnerability indices
A A vV A v

Typology Description

Unreinforced masonry bearing0 46

M3 . 0.65 0.74 0.83 1.02
walls - simple stone

M4 Unreinforced masonry bearing, 0.49 0.616 0.793 0.86
walls - massive stone

RC1 RC frame (without ERD) 0.3 0.49 0.644 0.8 1.02
RC frame (moderate ERD) 0.14 0.33 0.484 0.64 0.86

The probabilitypy; of obtaining a damage levieldue to an event of intensitymay be derived as a
function of the mean damage and assuming a binodnsalibution [31]. Hence, giveW for a
building typology, it is possible to calculate thagility curves for the different damage states, i
the probability of attaining assigned damage levalying earthquake intensities (in this case the
macro-seismic intensity). To represent the fragility in terms of peak grdwacceleratioPGA
objectively measurable after earthquakes, thdtasrttensity parameter used in the IRMA platform,
suitable [-PGA) correlations should be adopted. Several propasalsbe found in literature (e.g.
[49]-[50]). In this paper the formula proposed #1] was adopted:

PGA=g¢'™ (2)
with ¢;= 0.03 and,=1.6.

21  Theinfluence of vulnerability factorson seismic vulnerability

The basic information contained in census databadlesv to classify buildings based on
construction material (masonry, reinforced concretether), storey number and construction age
ranges. The information on construction age, caliplgéh the year of seismic classification for a
municipality, allows to determine whether the bingl was designed according to seismic
regulations or not and the level of ERD. Therefatarting from census-based data, and making
some assumptions on the type of masonry (e.gmplg stone M3, unreinforced masonry -old
bricks - M5 etc.) or on the type of horizontal Iedaearing system for RC (frames or walls), it is
possible to attribute initiaV" value for the building typology and to fully dedirthe building
inventory according to the RISK-UE model.

If additional information is available, it is pokk to improve the vulnerability characterizatiam f
the generic building adopting Eq. (3):
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V=V +AV (3)

with V final vulnerability index,4V behavior modifier score, accounting for the effettelevant
vulnerability factorsVFs. In [31] two additional score modifiers were atuced, namel\yV,
regional modifier, accounting for possible evident®etter or worst performance of buildings in a
region with respect to that established for theegponding typology in the macro-seismic method
and 4Vs soil amplification modifier, accounting for poskldifferent site effects with respect to
rigid soil. However in this paper, with the aimin¥estigating the effect of the presence of diffiere
VFs, only behavior modifier scores are considered.

For example, additionaVFs such as e.g. building position in the block ayutarity in plan or
elevation, can be explicitly considered to modifg building vulnerability [51].

Table 2, adapted from [51], resumes ¢ values considered as vulnerability modifiers for
different VFs and referring to M and RC buildings, respectivédynly theVF considered in the
present study are shown in Table 2, while the cetedist of possible modifiers may be found in
[51]. Note that thedV due to horizontal structure type (for M buildings)also included in Table 2,
inferring the4V values from thé&/ values assigned in [31].

As it can be seen, according to the parametersrumekestigation, the maximum variatiatV for M
buildings is due to storey height variation (fromEMo LO or to HI), presence of vaults or
presence/absence of retrofitting interventions &). while for RC buildings the maximud is
due to preservation state and plan or elevati@girdarity (+0.04).

Table 2. The vulnerabilities modifiers for diffetérs (adapted from [31])

Vulnerability modifiers Masonry M AV Reinforced Concrete RC AV
) Good state -0.04 Good state +0.0
State of preservation
Bad state +0.04 Bad state +0.04
LO (1, 2) -0.08 LO (1, 2, 3) -0.02
Ns ME (3, 4, 5) +0.0 ME (4,5, 6, 7) +0.0
HI (=6) +0.08 HI £8) +0.0
Plan irregularity yes +0.04 yes +0.04
Elevation irregularity yes +0.04 yes +0.04
- ) yes -0.08
Retrofit intervention
no +0.08
steel slabs -0.06
Horizontal structure wood slabs -0.02
vaults +0.08

Due to the non-linearity of Eq. (1), the effecttb& same positive or negative variationvois non
symmetric in the estimation @fp; considering the range of intensities 6+9, thatresents an
interval where more damage observations are avi[88], generally a positivelV determines a
higher variation ofip with respect to a negativav.



3 METODOLOGY TO BUILD INTEGRATED BUILDING INVENTORY

The primary source for building inventory at thegkascale are census data-bases. ISTAT data [53],
in Italy, provide several information for each cesmdract, including the number of residential
buildings, the storey number, the age of constoucéind the main material of vertical structures
(RC, M or other). However, for privacy reason, ttega are made available only in aggregated
form. For example, it is not directly possible tstoshguish buildings by material (RC or M) and
contemporarily by construction age and storey numineg[43] a simple procedure was introduced
that, relying on available statistics at the proiah level on the age distribution of M and RC
buildings, and applying basic de-aggregation rud#lews to disaggregate the data available for
each single census tract. In this paper, a slightbdified procedure is applied. The proposed
improvement takes advantage on the availabilitygubh the IRMA platform [44], of disaggregated
data concerning age-storey distribution for botraiMl RC buildings (and related surface areas) in
each town; this way, suitable town-level marginigtrtbutions of storey number (from 1 to 8), for
assigned age intervals (<1919; '19-'45; '46-'612-G1; '72-'81; '82-'91; > 1991), can be built for
each town, avoiding rougher estimates based oistgtatavailable only at the province level. Fig. 1
synthetizes the steps to obtain census-based (QiE)ny inventory. Basic input data are census
data for each census tract, the mentioned town inarglistributions (town statistics TS) and
information on local context, allowing e.g. to dBish the prevalent quality of masonry type.

INPUT DATA Basic rules for de-aggregation

Step 1
Assign Other building type to M @ and RC

[ ]

\

Ce
(’L\'l,_s,

Yay,,

Step 2 / \

For eac /Agc class assign Ns'based on TS
|

-gg_m_-,, T 1

%M
15%
10%
5% l P 72-81 Step 3 % "(‘nlo,_-y
% PSS <"19 - - ‘)&’
12345678 Distribute in relevant (age,Ns) classes for M and RC oy L y
%RC \\ A
13 47 >
}‘}E
(\_ >

Vo " 7281 Step 4

O = = = = = = = = <'19 Assign V depending on M or RC type
123456738

Local context info:
M type (e.g. simple stone M3)
RC type (frames RC1) 056

For each census tract

Fig. 1 — Schematic representation of the procebsitd census-based CE inventory

The goal of the procedure is to obtain, for eaatsus tract, the number of M and RC buildings and
their distribution in suitable height and age ra)g® that relevant vulnerability factors depending
on building typology could be assigned. For eaafsuas tract the number of residential buildings
categorized as “Other” is firstly assigned to M &@d based on relevant percentage distribution of
the two materials in the same census tract (SteNeidt, based on the TS, the M and RC buildings
are subdivided in storey number Ns (from 1 to 8)dflach age range (Step 2). Finally (Step 3), the
(age, Ns) buildings are grouped in height rangesraling to the RISK-UE proposal for M and RC
7



buildings, i.e. in LO (Ns 1/2), ME (3/5) and HI (pfer M buildings or LO (Ns 1/3), ME (4/7) and
HI (8+) for RC ones; note that RC buildings areasabdivided according to ERD level, if the town
is seismically classified, depending on the aggeand the year of first classification of the town
The final identification of each building typologlepends on the quality of masonry type (e.g.
simple stone M3 or bricks M5) or type of RC struetframe RC1 or walls RC2). In Italy RC
buildings are mostly frame type, so RC1 typologypredominant. For M buildings, the type
depends on the region and on availability of dédfertype of stones in different areas.

A common M type in Campania region is simple stbt8 (made of squared tuff blocks). Having
chosen the M and RC type, the correspondimglues can be assigned (step 4). Repeating the ste
1 to 4 for all the census tracts in the town, theentory is finalized and the CE inventory is
obtained as output of the procedure. Note that @itad building surface area distribution in age-
storey ranges, for both M and RC buildings, is ladé through the IRMA platform; therefore,
following the same procedure adopted to subdividiédimgs in relevant typologies assigning the
relativeV, also the corresponding global surface is atteuThe knowledge of the global surface
area pertaining to each typology, indicatedAgsor Arg; for the generig" M or RC typology, is
necessary to compute expected losses dependingnoage distribution (see section 4.3).

Building inventory can be enhanced if additiondbrmation onVFs is considered. As discussed in
section 1, different approaches could be used tleeg@additional information on building features,
such as in-situ surveys for small scale studiesnage-processing based techniques and/or data-
mining approaches for larger scale assessmentisisipaper we refer to the interview-based Cartis
survey form as possible source to integrate thddiogi inventory towards regional scale
vulnerability and risk assessments. However, ingiple, any other source providing the required
information on relevant parameters could be usquldane of the Cartis form. Fig. 2, adapted from
[43], synthetizes the steps to obtain integratedsGe+Cartis (CC) building inventory. The relative
percentage incidence of each building typology ffied in the Cartis form, as well as the data
characterizing it (th&Fs), are given at the level of each town compartriiéhin which the town is
subdivided. Therefore, the first operation to camebihe information available in census database
and in the Cartis form is to identify the cens@ts belonging to each TC (Step 1); if some of the
census tracts belong to more TCs the percentaggeme of their area in each compartment is
evaluated by map superimposition in GIS. Next, mering all the census tracts belonging to a TC,
and applying the same de-aggregation rules deschbfore, the number of buildings belonging to
each (age-Ns) class is evaluated for all the cetmaats belonging to the TC and finally assembled
to obtain (age-Ns) classes at the level of the @stment (Step 2). Next, the information available
in the Cartis form is applied to the buildings e {TC. Firstly, the % distribution of buildings time
relevant M and RC typologies that are present m TIC is assigned (Step 3); note that each
typology identified in the Cartis form is charaized also by the type (type of masonry, e.g. simple
stone or bricks, for M or type of structural systeng. frame or walls, for RC). The combination of
the (age-Ns) classes obtained at step 2 with tlecidence of typologies (type of M and of RC) of
step 3 allows to obtain a first distribution of stlasses (corresponding to building typologies in
each TC) and of the associat¥dparameter at the TC level. Next, a further modifmn of
vulnerability index is applied to all the obtainedb-classes of the compartment. Indeed, the
information on relevan¥Fs and on their percental incidence within eachdabs, obtained thanks
to the Cartis form, allows to identify relevant siypologies in a TC as well as the number of
buildings belonging to each of them; applying B), & finalV valueV=V +4V is obtained for each
sub-typology (step 4). Note that the finafor a sub-typology is computed simply summing g t
vulnerability index and score modifiers, while thember of buildings to which each fin¥lis

8



referred, i.e. the buildings of the sub-typologyvitich the AVs are applied, depends on the
percentage of buildings in the considered typolib@y is characterized by the correspondiiic.

Repeating the steps 1 to 4 for all the TC in thentthe CC inventory, including also global surface
area pertaining to each M and RC typology at thenttevel, is finalized.

Combination of Census + Cartis data

Step 1

Identify census tracts belonging to the TC
(or their %area)

Step 2

Basic rules of de-aggregation to evaluate
(ageNs) classes for M and RC in the TC

Step 3

Assign %incidence and M and RC type (c.g. M3,
MS5..., or RC1, RC2... ) to cach building typology
in the TC and calculate initial V

Step 4

e .
Apply relevant AV depending on VFs to each Lo TN
typology of the nt ~ = C12205,.

lypology ompartme: — r/\ =

plan regularity clevation regularity ~ [V| '\/\ 2 Cor
-

- 4 ¥

‘ , N <
Rl 7

C horizontal structure retrofit state of preservation ) \

LS

D 7
Yy,
v = —

[ plan regularity

clevation regularity state of preservation

RC

For each town compartment TC

Fig. 2 — Schematic representation of the procebsiitd CC inventory (adapted from [43])

The reliability of the obtained building inventodepends on the amount and quality of the
information used to categorize buildings into reletvvulnerability classes, that for the case of
Cartis approach depends on the expertise of thervietved technician(s). Possible errors in
vulnerability factors attributions and miss-clagsifion may occur and this obviously influences the
results in terms of final vulnerability and risk adwations. More refined approaches to enhance
building inventory could be used leading to moretoalled information on the building features,
e.g. via building-by building survey. However, swdtailed building survey is too costly and time-
consuming for large scale analyses and therefonplsr, faster and more affordable approaches,
even if affected by larger errors, are needed.

4 APPLICATION IN CAMPANIA REGION - SOUTHERN ITALY

The proposed methodology to build census-basedndirgegrated census+Cartis based inventory
CC is applied to 26 towns in Campania region (Jtaigted in Table 3, for which the Cartis form
was compiled. The meanings of abbreviations arerteg in the relevant list, note 1. Columns M
and RC reports the number of masonry and RC bgdim the town, already including the
buildings made of “other” material attributed todviIRC as explained in section 3. Fig. 3 shows the
individuation of TCs for a sample town as well Bs typologies individuated in each TC with the
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Cartis form; contour of single census tracts camdted as marked lines in each TC. Some of the
characteristics detected for one of the buildingotggies in a TC are also reported as example.
Note that the typologies (denominated MUR for Mlthmgs and CAR for RC buildings), do not
correspond to the typologies and distribution of#di with CC inventory because the latter take
into account the further sub-categorization congidethe possiblé/Fs (each Cartis typology may
be characterized by one or mafEs) and is assembled at the town level.

Table 3. The sample towns in Campania region*

Town Cow Ca Cs M RC | Town Cop Ca Cs M RC
Agerola 4 4 3 1072 875| Lettere 4 4 3 403 487
Agropoli 5 4 3 2169 1529 Liveri 2 5 2 261 112
Piano di
Alife 4 3 2 1758 405 | Sorrento 5 4 3 886 444
Angri 5 5 2 1838 1743 Pollena Trocchia 5 4 2 1070 55 4
Aversa 6 5 2 1739 179% Pompei 5 5 2 1631 2136
Bacoli 5 4 2 3019 1103 Portici** 6 4 2 922 870
Bonea 2 1 2 383 22 Pozzuoli 6 4 2 3357 3260
San Potito
Calvanico 2 3 2 205 120] Sannitico 2 1 1 595 62
Casamarciano 3 3 2 418 10f  San Tammaro 3 5 2 498 9 28
Casola di Napoli 3 4 3 255 279  Sant'Agnello 4 4 3 045 482
Cicerale 2 3 3 538 50 Sant'Anastasia 5 4 2 1792 3139
Frasso Telesino 3 1 2 815 36 Solopaca 3 1 2 1028 3 30
Gragnano 5 4 3 1047 124D Vietri sul Mare 4 4 3 682315

* M and RC buildings include “Other” in [53] (suhdiiied based on relative percentages of materiadadh town)
**for the town of Portici only a portion of the taw(~86% of buildings and 96% of population) is ddesed

CAR 1 (30%)
2000 7 A | CAR2 (70%) — [ Typology: MUR2

Masonry type

TC1

Regular (squared
blocks)

Horizontal structure | 70% semi-rigid slab
30% rigid slab

Ny,

MUR 1 (60%)

State of

=] MUR2 (30%)
™ preservation

good

Reinforcing (tie
rods)

MUR 1 (10%)

Irregularity in plan no

Irregularity in
elevation

CAR 1 (30%) TC4
. [CAR 2 (70%)

e

>

- 7
.

Fig. 3 —Individuation of TCs for a town and theatéle building typologies. The characteristics dftglding typology
in a TC are also reported as example
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According to the ISTAT classification in differe@o, population ranges [53] (<500,8=1; 501-
2000, Go=2; 2001-5000, Ge=3; 5001-10000, Eer=4; 10001-50000, £e=5; 50001-250000,
Cpop=6; >250000, Go=7), the 26 sample towns belong tg,{from 2 to 6 (see Fig. 4 (a), contour
of the towns are evidenced as black lines in theyma

Also, they belong to different altimetric classeg (Dternal mountain, &1; mountain near the
coast, G=2; internal hill, G=3; hill near the coast, £4; plain, G=5), see Fig. 4 (b), and to
different seismic zones according to [54], see Fi(r).

(a) (b) (©)
Fig. 4 — Campania region with identification of ttemple towns and (a),§; classes; (b) £classes; (c) seismic zones
C; according to [54]

200 T 50% 2.5E+06 T 50%
NT BCAMPANIA %NT Npop | B CAMPANIA %Npop

osT - 40% 2.0E+06 + OST 40%

150 4
L 30% 1.5E+06 + 30%

100 4
L 20% 1.0E+06 + 20%

50
L 10% 5.0E+05 + 10%

i
o+ 2:—3: T % 0.0E+00 1 0%
Coop Coop
() (b)
250 [ 50% 2.5E+06 r 50%
0
NT %NT Noop | mcampANIA #oNoop
200 1 L 40% 2.0E4+06 1 @sT L 40%
BCAMPANIA
osT
150 1 L 30% 1.5E+06 - L 30%
100 1 L 20% 1.0E+06 L 20%
50 1 L 10% 5.0E+05 L 10%
-
- - rd
0 l'!'g":' e 0% 0.0E+00 4 0%
C.

(c) (d)
Fig. 5 — Number of towns NT and percentage distidlouof the sample towns %NT with respect to Cangpaggion as
a function of population class,§ (a) and altimentric class,(c); population number residing in the sample tsWg,,
and % distribution of inhabitants %l with respect to Campania region as a functiongf @) and G (d)
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The sample towns ST (26 towns) represent about B#teonumber of towns (%NT) in Campania
region, see gray histograms and red dashed likggin5 (a) which reports the cumulative trend of
%NT as a function of £, Small towns, that are the most numerous in Campgagion, are
represented in the ST as a lower percentage (~3%anfpania region towns withp=2) with
respect to larger ones (~18% of Campania regiomsowith Go=6). In terms of population
(percentage %p,) the global representativeness of ST increasesou@% of the number of
Campania inhabitants (see red dashed line in Hilg))5The representativeness of ST in the classes
Coop=2 and Go=6 achieve 4% and 16%, respectively.

Very small centers, with less than 500 inhabitd@ig=1), as well as the only metropolis in the
region (that is Naples, & = 7) are not represented in the ST database. iBtrébdtion of ST in
altimetric classes gives lower value 3% for intémmauntain G=1, while the towns in &4 (hill
near the coast) are the most represented (16%)igbe@ray histograms with respect to dark gray
ones in Fig. 5 (c). In terms of population the patages vary from 1.4% (forz€3) to 13% (for
Cs=4).

4.1  Censusbased (CE) and integrated Census+Cartis (CC) building inventory
Applying the procedures described in section 3 bla¢hCE and CC inventories are obtained for the
26 sample towns. The vulnerability facMiobtained at the end of the procedure accountingNor
ranges from 0.36 (for RC1 buildings) to 1.02 (forlMouildings); therefore, a synthetic
representation of inventory is not straightforwaib allow an easier representation of the
inventory, the buildings belonging to relevavitranges are assigned to selected vulnerability
classesV ranges are established based on membership fosdefined in [31] to represent the
vulnerability classes introduced in EMS-98 [29] atid following association is adopted: A:
0.8XV; B: 0.66V<0.82; C: 0.5V<0.66; D: 0.34V<0.5). As example, Fig. 6 (a)-(b)-(c)-(d)-(e)
show the CE and CC inventory, represented as pagenof buildings belonging to each
vulnerability class, for 5 of the sample towns, émeeach G, under investigation.

San Potito Sannitico Frasso Telesino Lettere
100% 100% 100%
ECE = CE
80% 80% uCE 80%
ECC ECC
60% 60% =cc 60%
40% 40% 40%
20% I 20% I 20% I I I I I
00% m_  Hm 00% - I — 00% .
A B c D A B c D A B c D
(a) (b) (c)
Gragnano Portici
100% 100%
=CE
80% mCE 80%
=cC =ccC

60% 60%

40%

40%
- I I I I I N I
00% —— l 00% = I —_——
A B c D A B c

(e)

12



Fig. 6 — CE and CC inventory represented as %lmgklin vulnerability classes from A to D for thevtts of (a) San
Potito Sannitico; (b) Frasso Telesino; (c) Lettédd;Gragnano; (e) Portici

As it can be noted, the distribution of vulnerapiklasses can change significantly from CE to CC
inventory. For example, referring to the town oh$®otito Sannitico (Fig. 6 (a)), more than 90% of
the buildings are classified in B with CE inventowhile with CC inventory approximately one
half of those buildings are re-classified, withdiirdistribution of about 50% buildings in B and
more than 40% in A. Apparently, the changes of imwgy are more significant for smaller towns,
e.g. for San Potito Sannitico having&2 or Frasso Telesino withy6=3, with respect to larger
ones, e.g. for Gragnano with,dz=5 or Portici with Go=6. The next section investigates on
possible correlations of vulnerability with,& and G of the sample towns.

4.2  Variation of vulnerability at thetown level
A first observation on the vulnerability for a tovarises considering the percental distribution of M

and RC buildings in the town. RC buildings haveagahy lower vulnerability with respect to M
ones, as evidenced also by the comparatively l&veslues attributed to RC typologies (see e.g.
Table 1). Hence, it is expected that towns withhbBigpercentage of M buildings %M will be
characterized by a larger mean vulnerability webpect to those having lower %M. Fig. 7 (a) and
(b) show the mean distribution of %M and %RC foe tiowns as a function of,6 and G,
respectively. As it can be seen, smaller towns tentlave a higher %M with respect to those
having higher Gop (Fig. 7 (a)). Hence, it could be expected a highean vulnerability for smaller
towns. Similarly, the towns in lower altimetric sta(those that are higher with respect to the sea
level, e.g. internal mountains or high hills) havéigher %M with respect to the towns that are in
plain areas. As a matter of fact, the towns in nt@unor internal hilly territory are often also the
smaller ones, and it is possible to establish amosi linear correlation between population and
altimetric class, p and G. Therefore, considering the correlation of ®ith Gy, in the
elaborations to follow only the variation with&will be explicitly investigated.

100% 100%
80% B9%RC 80%

60% 60%
40% 40%
20% 20%
0% 0%
1 2 3 4 5 6 7 1 2 3 4 5
Chop Ca

() (b)

Fig. 7 — Variation of %M for the sample towns (aplanean %M and %RC in the towns (b) as a functidd,g,

The building inventory obtained for each town igdiso estimate a mean value of damage over the
entire municipalityd,, calculated with Eq. (4):

dm(l)=%i£%ﬂ<j (4)

k=0 tot
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with Nt the number of buildings in the municipality,the damage level ardy; the number of
buildings having damage levklat seismic intensity. The mean value af, in the intensity range
1=6+9 ,dn 6.9 IS Used as a synthetic parameter to represeldifgivulnerability at the town level.
The mean damagk, is calculated starting from building typologiestdbution obtained with both
the CE and CC inventories; obviously, starting frdifferent inventories also the resultiri,
changes. Fig. 8 (a) shows the variatiord@gg with C,op for both the CE and the CC cases. As it
can be observed, the CC bashgsg is generally greater with respect to the one spwading to
CE inventory andly, shows a slightly decreasing trend with,CThis trend confirms what already
observed based on greater %M for smaller towns. hitjeer vulnerability for smaller towns was
also observed in [3]. Fig. 8 (b) shows the variad the ratio of mean damage indiddsg ¢-5= (dm 6-
9)cd(dm,6-9ce With Gyopy it can be noted thaldy 9 is generally higher for the towns of loweg.E
and a decreasing trend with &is observed. This trend confirms what was expebteikd on the

higher %M for smaller towns

0.5

0.4

dm 69

BCC
ACE

2.0

18

16

0.3 (5] 5]
a 14
)
: =] 2 Seo °
<
0.2 g 7 B R 2 1.2 ° B : o
E g g A ‘ e~ ~ ~°
L . 10 8 g§~.2°
1]
0.1
) )
08 ° A
00 Cpop 06 ) CDOD
T 2 3 4 5 6 7 1 2 3 4 5 6 7

(@) (b)
Fig. 8 — Variation ofi, 6. 0btained starting from CE and the CC inventorégsafd of the ratidldmye.g(b) with Gyop

4.3 Variation of seismicrisk at thetown leve

Seismic risk expressed in terms of direct econdasses for each town may be computed with Eq.
(5) [44]:

ny 5 Ngc 5
L:CU(ZZ A Puix G +zz P p?(:j,kckj (5)
j=1 k=1 j=1k=1

with ny, Nnre= number of M and RC building classes, respectjv@ly = Unit cost (€/rf) including
technical expenses and not including VA&, Arci= the built area of thé"jM or RC building
class, respectivelyom k. Prejk = the probability, in the considered time fratrfer risk estimation,

for the f" M or RC building class to experience structurahege statd; cx = percentage cost of
repair or replacement (with respect to CU) for esithctural damage stake The cost parameters
adopted in Eq. (6) are calibrated based on theahc@pair costs that were monitored in the
reconstruction process following recent Italiantlegmakes [55]-[56]. In particular, CU=1350
(€/n?) is adopted and, to account for uncertainty in ésémation, two sets of values of cost
percentages (Yomin and %max) related to differemadge states are considered for the analyses:
C1,mir=2%0, C2,mir=10%, C3 mir=30%, C4 mir=60% andcs mir=100%0; C1 max=5%0, C2 max=20%0, C3 max=45%,
C4.ma=80% andcs mir=100%.
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The generic probabilityy of attaining damage statein t years (the subscriglj or rcj are not
indicated for brevity reason) is calculated as acfiwn of the mean annual rate of damalge
assuming that the occurrence of earthquakes folloResisson process:

p, (in t years)=1-&

(6)

The ratedy, representing the risk of attaining damage statéslzxpressed as:

4= [ PO, lim)dA,, (im)

(7)

with P(D|im) the probability that the structure will attainndage state Pwhen subjected to an
earthquake with ground motion intensity levieh, and A,y the mean annual frequency of
exceedance of the ground motion intensity Hence, thelx (and py) for the generic building

typology in a town depends on seismic hazard asitkeand on the seismic fragility at damage state
Dy for the considered building typology. For smallues of A, andt=1 the approximatiom= Ax
holds [57].
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Fig. 9 — Variation of L/A(€/nT) obtained starting from CE and the CC inventoaies considering %min (a) or %max
(b) cost percentages; variation of the rdilo with C,,, for the %min (c) or %max (d) cost percentages.

Having completed the building inventory (both CEda@C) for all the 26 sample towns, the
building typological classes, and the relative iliggcurves for the adopted vulnerability model,
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are available in each town, together with Mg, Arcj associated to each M or RC building class.
The seismic hazard is available for all the teryiton Italy [58], hence all the ingredients for
calculation of seismic risk as in Eq. (5) are aafalee. Fig. 9 (a)-(b) shows the variation with, bf
total annual risk LtE1), normalized by the total built area of eachroty, for both the CE and the
CC cases and considering both %min and %max forctis¢ percentages. Coherently with the
trends on mean damage observed in Fig. 9 (a) tladsmormalized) losses computed starting from
CC inventory are larger with respect to the onesmaed starting from CE inventory. Fig. 9 (c)-(d)
shows the variation of the ratio of losses caladatsing CC or CE inventoyL=L cc/Lce with
Coop, @gain for both the %min and %max cost percentegiaslarly to Fig. 9 (b) it can be noted
that AL is generally higher for the towns of lowepds(up to about two times), and a decreasing
trend with Gop is observed. However, the variation @fcland Lce within the towns is not only due
to the variation of towns vulnerability, as repmsel bydn 60 In fact, the ST are also characterized
by very different seismic hazard, as can be obsealready in Fig. 4 (c). Therefore, the variatidn o
expected annual losses depends both on the vuilitgrab the town and on the seismic hazard at
the site.

5 REGIONAL BASED VULNERABILITY AND RISK ESTIMATION

The seismic vulnerability and risk for the entiran@ania region is computed with the aid of the
IRMA platform [44]. In IRMA the damage assessmemndl/ar risk calculation is performed using
OpenQuake, the calculation engine developed by dblokarthquake Model (GEM)
www.globalquakemodel.org. In IRMA the census dasebia preloaded with data disaggregated at
the town level; hence, given the suitable exposuheérability rules corresponding to the chosen
vulnerability model, e.g. RISK-UE [31], the buildininventory based on census data [53],
corresponding to CE inventory, is automaticallyltodihe fragility curves in IRMA are lognormal
cumulative distribution functions defined in termisPGA. The seismic hazard in IRMA is based
on the MPS04 hazard model, developed by INGV andptedl at national level with Civil
Protection Ordinance [58].

Fig. 10 (a) shows the seismic hazard map for Campagion in terms of PGA for return period
Tr=475 years.

As for vulnerability map, it may be representedtenms ofdyeg at the municipality level. The
intensity measure in IRMA is expressed in term&G&fA. Therefore, thén, 9 evaluated for each
town, represented in Fig. 10 (b) at the regionaleséor Campania region, is evaluated with the aid
of IRMA platform by averaging thd,, calculated for the PGAs falling into the intensityerval
|=6+8; this vulnerability map correspond to CE lding inventory.

The annual seismic risk was calculated with IRMAogtthg the cost parameters introduced in
section 4.3 (%min and %max). Fig. 10 (d) showsrtteg of annual seismic risk for the case of
%max cost percentage; the expected losses for teagh are expressed normalizing them with
respect to the total built area in the town L{&/n¥); also in this case, the CE building inventory is
considered. The expected annual risk in the regiages between 0 - 9 €rfor the case of %min
cost percentages (figure not shown for brevity seasand 0 - 12 €/Mmfor the case of %max.
Calculating the ratio of the losses evaluated fmhetown adopting the %max coefficients versus
the one corresponding to %min, a maximum (minimlosg variation of more than 100% (50%) is
obtained. On average, the expected annual riskZi€/2f for %min costs and 4.4 €frfor %max
costs, with more than 60% loss variation due tautheertainty in the cost parameters.
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When additional information on building featurepresenting local peculiarities and/or weaknesses
towards seismic vulnerability is considered, elyotgh CC inventory, the resulting seismic
vulnerability and risk increase.

The variations ofldn 69 evaluated for the sample towns depending gy, Gee Fig. 8 (b), can be
used for calibrating suitable correction factorsv(f¥,p) to be applied for preliminary estimations
of a modified value of building vulnerability ateltown level, accounting for typological features
characterizing locally the building environment.sBd on the decreasing trend observed in Fig. 8
(b), it is assumed CFv{g=2)=1.3, CFv(Go=3)=1.2, CFv(Gor=4)=1.1, CFVv(Gox=5)=1.0,
CFv(Gyo=6)=1.0. Extrapolating the trend of Fig. 8 (b), fbe few towns with g,~=1, CFv=1.4 is
used,; for the city of Naples (6=7) CFv=1.0 is assumed.

PGA(g)
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0.075 - 0.100
0.100 - 0.125
[ 0.125-0.150
0.150 - 0.175
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[0 0.275-03
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Fig. 10 — Hazard, vulnerability and Risk maps fantpania region: Hazard map in terms of PGA(Q) ie¥4V5 years

(a); vulnerability map in terms @, 69 based on CE (b); modified vulnerability map obtadiag@plying the CFv(fep
(c); map of total annual risk (in terms of L/g/nT) for each town) calculated with %max cost percgaiand based on
CE (d) inventory; modified risk maps obtained ajppdythe CF(Gop) for the case of %max cost percentage (e)

The ST used for calibration of the CFv represenrlygel0% of the population in Campania region.
A sensitivity study performed including more towjt®] showed that the considered sample is
sufficiently representative for the calibration tbe correction factors. CFv can be applied to the
dm 6.9 calculated for all the towns in Campania regiothwRMA [44]. This way, new modified
vulnerability maps are obtained, as representeHign 10 (c) and denoted as CC*; the asterisk
indicates that maps are obtained from those ingb) by application of the CFv.

Similarly, the variations of\L evaluated for the sample towns depending gy, See Fig. 9 (c)-(d),
can be used for calibrating suitable correctiontdiec CF(Gop) to be applied for preliminary
estimations of a modified value of annual seisngk.rBased on the decreasing trend observed in
Fig. 9 (c), it is assumed CF{§=2)=1.6, CF(Go=3)=1.5, CF(Gor=4)=1.3, CF(Gox=5)=1.1,
CF(Gyo=6)=1.0 for the case of %min cost percentages WbiHevalues 1.5, 1.4, 1.2, 1.1, and 1 are
deduced from the decreasing trend observed in9Hd) corresponding to %max cost percentages.
For Gop=1, CF=1.8 or 1.6 are obtained for %min and %maxXiyapolation of the relative trends.
For the city of Naples (§s=7) CF=1.0 is assumed for both %min and %max.

CF are applied to the values of annual seismig iiskerms of L/A (€/nf), calculated for all the
towns in Campania region with IRMA . The new mocetifirisk map for the case of %max cost
percentages is represented in Fig. 10 (e) (derag@dMAX-CC*); for brevity reason, the modified
risk map for %min is not shown. Note that the maximexpected annual risk increases to about 18
€/ for the case of %max cost percentages; for the c&min cost percentages the increase is
up to 12 €/rh (not shown). On average, the expected annuareiskit in 3.8 €/rhfor %min costs
and 6.0 €/mfor %max costs. This risk increase, that is dueht® consideration of typological
features characterizing locally the building enmiment, can reach 60% for some towns and can be
locally comparable to the risk increase correspaydo the uncertainty in cost parameters (from
%min to %omax). By summing up the unconditional expd annual losses, in a 1 year time frame,
for all the towns in Campania region, a global antoof approximately 600 million of Euro is
obtained when CE inventory is considered (meanevéletween estimation performed adopting
%min and %max cost percentages). Dividing by thal toumber of buildings in Campania a unit
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amount of approximately 730 Euros per building Idammed. Considering that the mean surface
area of buildings in Campania is about 23%) this means that, on average, a yearly loss afitabo
0.23%=730/(23@350) per building could be expected (in 50 yemetirame). When the modified
risk maps corresponding to CC inventory are useceitpected global losses increase to more than
700 million of Euro, corresponding to more than &ifros per single building, with a global loss
increment higher than 15%.

It is interesting to compare the normalized anrae$mic risk, expressed in terms of (D/&U,
with the expected annual loss computed for newdimgk, designed with modern codes, according
to the guidelines for seismic risk assessment tgcenroduced in Italy [60]. As observed in [61],
the expected annual loss (expressed as a fracfioreconstruction costs) for a new code-
conforming building is 1.13%, while the maximum malized annual risk estimated in the
Campania region for existing buildings, (lLJAU, ranges between 1.04% (considering %min cost
percentage) and 1.33% (with %max), with a meanevalul.19%. However, the difference may
appear less significant than the expected one becauportant differences exist between the
assumption made in this study and those used foulation of the expected annual loss recently
introduced in Italy in the guidelines for seismigkrclassification [60]. The most significant isath
the normalized annual risk computed according talejunes is based on a code compliant
approach, which allows assessing losses basedeaatthinment of conventional limit states rather
than on empirical damage. Thus, the estimationsiffeeted by uncertainties due to the correlation
between empirical damage and conventional limitesfa0] as well as between these parameters
and relevant costs [49]. Furthermore, the CU asslim¢60] is €1200 €/fmwhile that assumed in
the current study is €1350 €meaning that the normalized annual risk computethis study
should be increased by a factor of 12.5%. Thisdeadnormalized annual risk estimated in the
Campania region of 1.17% (considering %min costgaage) and 1.50% (with %max), with a
mean value of 1.33%.

The estimated values of normalized annual risk lmaruseful for preliminary estimations of the
areas where it is more convenient to invest fagra@ risk reduction.

6 CONCLUSIONS

This paper investigates on the issue of exposurdefimy towards risk assessment at the large
scale. The established RISK-UE vulnerability modébwing to account for different vulnerability
factors for the building classification and theimastion of fragility curves, is adopted for
characterizing the seismic vulnerability of builgitypologies. Two levels of building inventory are
considered: CE, based on the sole census datalaeaibr all the country in Italy, and CC, based
on the integration of census data with additioppbtogical information retrieved for several towns.
In this paper, the interview-based Cartis apprdacidopted as integrative source of information;
however, in principle, any other source providihg tequired information on relevant parameters
could be used in place of the Cartis form to ob@thinventory.

The estimation of town level seismic vulnerability 26 towns in Campania region, expressed by
dme9, Shows that smaller towns tend to have largereralpility and that the estimation based on
CC inventory leads to higher mean damage with tspe the one based on CE inventory.
Analogous trend is observed for unconditional sasnsk, expressed in terms of annual direct
economic losses for a town. Indeed, referring tomadized risk L/A, with L the seismic risk

expressed in terms of direct economic losses anithéAtotal built area for a town, a decreasing
trend with increasing population clasg,{Is observed. Moreover, it is seen that the ridkutated
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starting from CC inventory can be nearly doubledhwiespect to the one obtained from CE
inventory for smaller towns. Based on the variatiath C,op, Of the ratio of losses calculated using
CC or CE inventoryAL=Lcd/Lcg, suitable correction factors CF are calibrated gogliminary
estimations of a modified (increased) value of ahraeismic risk for the towns in Campania
region. Applying such CF to the risk map estima@dCampania starting from inventory based
only on census data (CE), modified risk maps actogrfor increased knowledge of building
features are obtained. Elaborating such results,seéen that the average unconditional seismg los
in a 1 year time frame for a single building (tol@dses divided by total building number in the
region) increases from approximately 730 Euroskpgiding when CE inventory is considered to
more than 850 Euros, with a loss increment of ntioaa 15%. Considering a mean surface area of
buildings of about 230 fthis corresponds to a yearly per building losalwdut 0.23% for the risk
estimated starting from census-based inventory @2d% for the risk obtained considering
additional building features.

It should be considered that the adopted approachbdfilding inventory, that is oriented to large
scale studies at the regional or even nationalllesdows to obtain a fast and approximate
categorization of buildings into vulnerability cées. Obviously, the reliability of the obtained
building inventory is influenced by the amount andlity of the information used, and this has a
direct effect on the final vulnerability and riskaduations. Moreover, the obtained results depend
on the model adopted to represent the seismic rabhiigy for buildings and it is expected that the
variations from CE to CC inventory would changeiflifferent vulnerability model is used, as
already observed in [43]. Nevertheless, this appba at the regional scale allows to have a first
guantitative estimation of the effect of adoptidnnmore refined building inventory (even if still
simplified and approximate) at the large scalegessiag the increase in expected annual risk, in
terms of economic losses. This kind of evaluationay be very useful for preliminary
guantifications of seismic insurance premiums regon.
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