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ABSTRACT :

Loss seismic scenarios are importdabdls for civil protection emergency planning. Hower, effective ris
mitigation strategies should not be restrictedhi] évaluation of a single scenario event basedrabapilistic o
deterministic analysis. In practice, any future reveill producesignificant different effects from the assur
scenario. The aim of this paper is to give a himtlee order of magnitude of the risk associatednioual seism
losses in Portuguese Continental regions. The gegpeolution is to evaluate statisticahtral value measures
describe seismic losses. In concretenualized risks will be averaged over a largéopeof time and two sing
parameters (see Results and Application) are chimsgnantify social and economic impacts due teheriakes
The results are presented in terms of average hesaaomic and human lossekie to earthquakes, for the
Portuguese Continental counties. Portuguese maninqmes are ranked according to shoparameters. T
dependence of average annual seismic eiskpredictive variables, like hazard and vulnerghilis analyzed i
detail. The geographic distribution of the annwedizosses leads to the conclusion that Metropolitan Area
Lisbon (MAL) is the Portuguese region with highesdes, due to its high exposwembined with modere
hazard, whereas Algarve is the region with higlpecgic human losses, due to its significant seisinaizard.

Economic losses, expected annualized earthquaksedpshuman olsses
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1. INTRODUCTION

The main objective of this paper is to analyze Néid Portugal seismic risk averagialj possible seismici
contributions to the region, over a large periodimie (approximately 1000 years). Seismic riskssessed &wao
levels of geographic disaggregation: for the 278nldad counties and for five large sub-regioRi/e averag
measures of annualized losses are quantitativeélgnaed with the intention of (i) rankingeismic risk of th
previous mention regions, and (ii) studying thduefnce of the variables hazard, vulnerability axplosure on risk.
One should notice that, in this work, economic éssare exclusively based on building damage estsratdon
related lost area repair costs. Actually, only hogistock damages were analyzed, becdhseonly exhaustiy
inventory that is available at a national scale,@lensos 2001INE, 2002), refers to this type of structurgsis
national inventory allowed the classification o tnost current constructive solutiansPortuguese housing stc
in typologies that share the same seismic vulnkifyalcharacteristics. So, one may advaticat economic loss
are strongly underestimated, because a considgrabi®f Portuguese build systems, exposed to geissi, was
disregarded and because only a part of direct esanlesses were included. In fact, neither safinect costs, lik
loss of contents, losses to lifelines, etc., natirgct costs were estimated. Additionally, lossesulting fron
collateral effects of earthquakes, like fires asuthamis, were also ignored.

2. DEFINITIONS

Most important concepts that are used in a seigsl@nalysis are analogous to other environmeigied domains
Moreover, there are international standards thagrcbasic definitions in this domain (AS/NZS, 20&4ndi, 1986
UNDRO, 1979). However, for the purpose of providagnore consistent, understandaduhel rigorous work, tt
main definitions here adopted are presented below:
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1. Hazard H, is «a source of potential harm» (AS/NZS, 20@éd is formally defined as the exceed:
probability of a certain level of severity of thataral event, in a site, and during an exposuregef time.

2. Elements at riskare the elements exposed to a negative impaettdir indirect, of the natural event.
3. ExposureE, reflects the value of the elements at risk or tmayguantified by their exposed toll.

4. Vulnerability, V, reflects the susceptibility of an element at riséing adverselyaffected by the natui
phenomenon.

5. DamagesD, correspondo the adverse physical consequences sufferedebgléments at risk originated by
natural disaster, being conditioned by a certavesty level of that event.

6. Loss L, is «any negative consequence or adverse effeahdial or otherwise» (AS/NZS, 2004).

7. Risk, R is «the chance of something happening that vaMehan impact on objectives» (AS/NZS, 2084) i
formally defined as the probability to exceed oathieve a certain level of losses in a regiontamné interval
Risk depends on hazard, vulnerability and expodrigk may be simply measured by the expected Idsse
given elements at risk over a specified time pe¢©oburn & Spence, 2002).

8. Whenexpected losses are normalized by exposure wendtabpecific RiskRs (Coburnet al,, 1994) that is
useful measure to compare risk levels across diftaegions.

3. SEISMIC RISK PROBABILISTIC ANALYSIS

According to the above definitions the probabitisthalysis of seismic risk is provided etfollowing expressic
(Sousa, 2007 and Sousial, 2007):

PL>1)=lply PL>1]d)PD >d|h)fy(h) dndd (3.1)

This expression is graphically illustrated in figuB.1 for a building typology of vulnerability, i.e., for ¢
homogeneous group of elements at risk. Notice ¢aah variable distribution is plotted with the sacmdor in
expression 3.1 and in figure 1. In the latter, reéishazard is represented by the green distributiothe 4"
quadrant of figure 3.1, seismic vulnerability by thlue distributions in the®land 2° quadrants and losses by
red distributions in the"2and 3" quadrants of that figure.
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Figure 3.1 Seismic risk probabilistic modeling (at#al from Campos Costa, 2004 and Sousa, 2007)
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To estimate ecomoic losses due to physical damages in buildingst@grated impact indicator, the equivalent
building area, was evaluated. To compute this atdiceach damage state was associated to thdimemsione
variableDamage FactarDF,, defined as the ratio between a buildiegair cost, when it is in a certain dam
state, and measured in percentage of the econaahie wf that typology building at the time of thartaquake
(ATC, 1985). The damage ratio values purposed by 8999) were used (Table 3.1):

Table 3.1 Data for beams under dynamic loading

Damage grade of EMS-98 Damage FactdDF, [%0]
1 1
2 10
3 35
4 75
5 100

In practice, the transformation of damage statesldimage factorsonducts to a loss index that is, in fact
expected loss value conditioned by a seismic halewel, ELC | h). This conditional expected loss is obtai
averaging the number of buildings that belongs given damage state and typological class with enalbility
V=v, weighted by the referred damage factors (Sou8&)20

E(L|h)= Ner D, > A DFg Pp(D=d|h)R, (v =V) (3.1)

where:
Ner is the number of buildings in the studied region;

A, is the average floor area of the buildings belonging tpaldgical class, with vulnerability, in the studie
region;
Po (D=d|h) is the damage probability matrix understood as the percentdgbsildings, belonging to tl

typological class with vulnerability, that are in a damage stafeafter suffering a seismic action with sevetity
R/ (V=v) is the probability that the buildings belong to a typological clé#is vulnerabilityV=v, and it assume

equal to the frequency of that typological classes, in the stueligon.

The consideration othe average floor area of the buildings belonging to a typologleak in expression :
implies that exposuré;, is evaluated in terms of global habitable area in the analygashre

E=Ner <2 A (3.2)

In this case expected economic losses are analyzed by equiestearea conditioned by a given levelsaismir
hazard. If we introduce indicative prices of construction, by squater, exposure will be evaluated monetabiy
theReplacement Value of Building Stock, RViB®)e region.

As equation 3.1 converts building damages in expected losses, cortttipachazard level, E( h), the expecte
value of losses for a given time interval is simple given by:

E(L) =IH E(L| h) fy (W) dh 53

When seismic hazard is evaluated by an annual daoee probability, or by an annual frequency ofeextance,
the latter expression describes éxpected Annualized Economic earthquake Losegsred a®\EL

In what concerns the other components of risk, Boeial losses, if, instead of buildings, we analyte
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consequences of earthquakes in their inhabitaresywauld obtain theexpected Annualized uthan earthqual
LossescalledAHL, by analogy withAEL. Coburn & Spence (2002) model was used to evaluateah losses as
consequence of earthquakes. Nevertheless, to éstimanan casualties it was assumed that most sevesm
indoors at the time of the earthquake, that isy enght time earthquake scenarios were contempldiedaus
population mobility was not considered.

In addition to absolute riskg, three parameters, or risk indicators, were usaharacterize specific risks: AELR
AELCeAHLR The first parameteAELR theexpected Annualized Economic earthquake Ld3aéis «represen
AEL as a fraction of the replacement value of the Idwalding inventory» (FEMA, 2001), whereasELC
expresses annualized economic losses per capiehird parameteAHLR, results from normalizing thexpecte
annualized human earthquake losses by total rdsfu®yulation in the regiomp; . Table 3.1 organizethe risk

indicators used in this work.

Table 3.2 - Expected annualized earthquake losesneters

Risk Absolute Specific
Economic AEL AELRandAELC
Human AHL AHLR

4. ANNUALIZED EARTHQUAKE LOSSES FOR MAINLAND PORTUGAL

4.1. Explicative variables

As seismic risk is a function of seismic hazardnewability and exposure (value of buildimgventory and it
inhabitants), they were built average indicatofsthese variables in order to study their influemmceexpecte
annualized earthquake losses.

An average hazard index, denoted Ibl; was estimated to each Portuguese couhtywas computed athe
expected value of the random variablerepresented by a macroseismic intensity (EMS-@8)lweighted by th
probability hazard distribution for a referencedimterval,t, of 50 years, assumirtfat the exceedance of groi
motion is independent in each year:

T
Pe(H <h)=[L-P(H >h)]* =[1—%,] (4.1)

whereP(H >h) is the annual hazard distribution aRBis the return period.

Seismic vulnerability of the elements at risk, Inglimg to a given building typologwas described by t
vulnerability index, varying between 0 and 1, prega by Giovinazzi & Lagomarsino (200dhd independent
the hazard severity level. The average vulnergbiit a regiony, was obtained by a weightintipe typolog'
vulnerability index by the existences of the selvBfaologies present in the region.

Exposure was described by the replacement valueuidding stock RVBS in the regionand by the reside
populationNpt . In order to set a value for economic losses tfexage area of building floors, in eaClensu

track, was multiplied by the official constructiprices.

Figure 4.1, left, shows Portuguese administrategions and righillustrates the geographic distribution, ¢
county level, of the variables that explain expeé@enualized earthquake risk. These maps showsetreehazart
level in the Southwest of the country, the highrage vulnerability in the Southeasit Alentejo (Baixo Alentejc
and the important exposure in the Metropolitanaegiof Lisbon and Porto.
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Figure 4.1 Left: Portuguese administrative regidight: Variables that explain seismic risk by cgufadapted
from Sousa, 2006)

4.2. Analysing expected annualized earthquake losses by county
Figure 4.2 presents the geographic distributiors edbunty level, of the expected annualized ecoo@aithquak
losses.

Specific risk parameter8 ELRandAELC, (top of figure 4.2) havhigh values in the South of the country, due
the influence of high hazard and vulnerability \eduwhereas the geographic distributio®&L (bottom of figur:
4.2) evidences higher losses in Lisbon Metropoliaga, due to the important exposure in this regind modera
hazard level.

Figure 4.3, left, exhibits the social risk parametexpressed in terntd expected number of deaths in one
AHL, as a consequence of Portuguese seismicity, ancefig3, right, depicts this risk indicator normaatiby the
inhabitant’s number in each coun®HLR The pattern of the human losses geographic lligion is similar to th
one observed in figure 4.2 referring éoconomic losses, more precisely, absolute riskoreentrated in Lisbc
Metropolitan Area due to high exposure and modédragard, whereas specific risk is significant ia Suth of the
country, due to to the influence of severe seidmizard.
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Figure 4.2 Expected annualized economic earthglgeses by county (adapted from Sousa, 2006)
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Figure 4.3 Expected annualized human earthquakeddsy county (adapted from Sousa, 2006)
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4.3 Cumulative expected annualized earthquake losses

When elements in risk are distributed spati@flya region, individual losses are not statistjcaidependent ar
their variance may not be added without considelisges spatial correlation (EERI, 200Bpwever, althoug
spatial correlation is essential to describe trabgl loss distributionone may accumulate expected indivil
losses to obtain the region global expected arrekarthquake losses.

In table 4.1 expected annualized economic and hwgaghquake lossegere accumulated for regions broader
counties, namely regional Census tracks (NUTSd& fgure 4.1) and Portuguese country (PTis analysi
provides a global perspective of Mainland Portuggbmic risk and allows a comparison of risk levedéwee!
regions. The same table exhibits the inventoryhef ¢lements at risk and correspondent exposuresdlhe
higher values of the analyzed variables are bgjues.

Table 4.1 — Ranking Mainland Portugal regions lgirthxposure and expected annualized earthquakedos

Norte Centro LVT Alentejo Algarve Total PT|
Counties 4] 86 78 51 47 16 278
B1%) | (28%)  (18%) (17%) (6%) (100%)
o Buldngs s | 1100320 758480 721868 256439 160543 2907659
g @37%) | (25%)  (24%) (9%) (5%) (100%)
2 nhabitanis (s | 3007602 1773498 3426170 531520 390310 9789109
U% (37%) (18%) (35%) (5%) (4%) (100%)
Build. area 247 141 155 37 31 611
[m2x 10 40%) | (23%)  (25%) (6%) (5%) (100%)
124312 | 69312 82530 18108 | 15460 = 309 722
§  RVBSEurox 91 TGy | @2%)  (@7%) (6%) (5%) (100%)
® 17 18 56 19 24 135
S | AEL[Ex10] (13%) | (14%)  (42%) (14%) (18% | (100%)
8 AELR[%d] 0,14 0,27 0,68 1,06 1,54 0,44
~ AELC
lepercanid 5 10 16 36 61 14
g AHL [ 0,2 0,4 56 2,7 5,2 14,1
o (2%) (3%) (40%) (19%) (37%) | (100%)
& | AHLR[%d] 0,000L | 00002 00016 0,052 00133  0,0014

From the analysis of results presented in tableit4dcan be noted that: (i) Norte region groups 3dPMainlanc
counties but is responsible for 40% of the buildétgck replacement value, which is the higher valesveen th
five analyzed Portuguese regions; (ii) in accoreéaecbulding inventory exposure, Norte region also coricae:
high values of human elements at risk, grouping ®&7%lainland resident population. In the other haklgntejc
and Algarve South regions represent only 5 and #%unseyed inhabitants in 2001 Census, respectielyin
what concerns economic seismic risk the majoritjosées is concentrated in Lisboa e Vale do TejolfLregion
This region groups 27% of building stock replacetmealue, butdue to its moderate hazard and hi
vulnerability in Lisbon town is responsible by 42%the global annualized economic earthquake |o65EE) in
Mainland Portuguese territory. Algarve region, thggregates only 5% of building inventory exposdre to it
severe hazard levelccupies the second position in terms of economgplate earthquake losses in this terri
with 18% of lossesAEL); (iv) ordering the five regions by decreasingiabdsks, one may observe tHasboa ¢
Vale do Tejo is again the Portuguese region wheee expected the highest annual absolateses due -
earthquakesAHL = 40%), being closely followed by Algarve regi@v%o); regarding sociaklative lossesAHLR
Algarve region sets apart from the remaining regjoaaching a value more then double ofAk R value for th
second position region, i.e., Alentejo.
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4. CONCLUSIONS

This study addressed direct economic and sociagetosn Portugueseesidential building inventory and th
inhabitants. Bearing in mind the assumptions amdtdtions of the present work one may conclude tliespecific
earthquake risk always increases from North to IS@it Portuguese Mainland territorindependently of tf
analyzed losses being economic or social, in aecmel with the increase of seismic hazargesity from North t
South and with the high regional average vulneitgbih Alentejo; (i) absolute seismic risls influenced b
exposure and hazard, showing its highest valughdénMetropolitan region of Lisbon; (iiigxpected annualiz
Mainland Portugal economic earthquake losses watimated as 0.11% of Gross Domestic Product (GBRPD1
(2001 was the date of the building and inhabit@®¢msos that was used in this work).; (iv) speofipecter
annualized economic earthquake losses are clo§e0#96 of habitable area of the building surveyed in z
Censos; (v) Mainland Portugal expected annualizeétham earthquake losse8HL) amounts to 14 deathser
annum

This latter conclusion deserves some comments:whik estimatedAHL is 20 times largethan the annualizt
observations in the same territory for thé"2@ntury. In fact, in this 100 years period a tathb9 people wer
killed by earthquakes. Nevertheless, the averageadized observations for the last 250 years weiim&slarge!
than the result of the present study, mainly duk7teb Lisbon earthquake.

Finally, we shouldn’t forget, as FEMA (2001) refeitsat «annualized risks averaged over many yeaysappear
small given the wrong impression of risk due tangle event».

REFERENCES

AS/NZS, (2004). Australian / New Zealand StandaiskRlanagement. As/NZS 4360:2004. Standards Austfal
Standards New Zealand, Sidney / Wellington, AustidNew Zealand.

ATC, (1985). Earthquake damage evaluation dat&&difornia. Applied Technology CouitcATC 13. Redwoo
City, California. U.S.A.

Campos Costa, A., (2004). O comportamento sisneoesttuturas e andlise de risco sismico. Semihinios
Materiais e Novas Técnicas Construtivas, APS, lisBwortugal.

Coburn, A.W. and Spence, R. (2002). EarthquakeeBtioh, John Wiley & Sons, LTD, U.K.

Coburn, A.W.; Spence, R. e Pomonis, A., (1994) nétability and risk assessement. 22 Ed. Disastealglement
Training Programme (DMTP), Department of HumanéarAffairs (DHA), United Nations
Development.Programme (UNDP), Cambridge, U.K.

EERI, (2000). Financial management of earthquadte EERI, Oakland, California, U.S.A.

FEMA, (2001). HAZUS99 Estimated annualized earttkguasses for the United States. FEMA 366, Federal
Emergency Management Agency Mitigation Directorsitashington DC., U.S.A.

Giovinazzi, S. and Lagomarsino, S., (2004). A maeiamic method for the vulnerability assessmeiudtlings,
proceedings 13WCEE, paper n° 896, Vancouver, Canada

INE, (2002). Recenseamento da populacéo e da habit®ortugal) - Censos 2001. Instituto Nacional de
Estatistica. Lisbon, Portugal.

Sandi, H., (1986). Vulnerability and risk analy&is individual structures and systems, Proceed8SEE, pp.
11-69, LNEC, Lisbon, Portugal.

Sousa, M.L., (2006). Risco Sismico em Portugal @ental. PhD Thesis, IST, UTL, Lisbon, Portugal.

Sousa, M.L., (2007). Hierarquizagao das regideBattugal Continental em fung¢éo do seu risco sismico
Proceedings 7° Congresso de Sismologia e EngerBiaridca, FEUP, Porto, Portugal.

Sousa, M.L., Campos Costa, A. & Oliveira, C.S.,020 Andlise do risco sismico de Portugal Contialent
Proceedings 7° Il Encontro Nacional de Riscos, &ema e Fiabilidade, IST, Lisbon, Portugal.

SSN, (1998), http://www.serviziosismico.it/PROG/8IRISCHIO/start.html.

UNDRO (United Nations Disaster Relief Coordinat@f)979). Natural disasters and vulnerability anialyRepor
of expert group meeting, Geneva. Switzerland.



