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ABSTRACT

Romania is one of ithEea greapest Gasmic lnapardt mainly sluemmjor earthquakes
originating in the subcrustal Vrancea Sourgduture major earthquake could be a shock, therefore it is vital to
estimatein actual contexthe size and distribution of lossdmsed orscenarios {eading toseismic mitigatioh

but also in reatime (with impact on effectiveemergency responsesince 2011, the Nationahstitute for Earth
Physicsengaged in this effort antteatedSeisDaRd a system dedicated to testimation of seismidamage in
Romania, in terms of building damage and fatalitie2016, a 8 version, described in this paper, was released,
providing significant upgrades a custom ShakeMap module for computing faster mode representative to
Vrancea Sourcentensites and acceleratia) and a module representing an adaptation to Romania of the
USGS6s PAGER . ire btheo \eersidisongdule relying on the SELENA softwaig also included
using the Improved Displacement Coefficient Method for estimating builidithgre probability and HAZUS
method for fatality estimatiorAs building and population database, SeisDaRo now uses newer data from the
2011 National Censudhe systenis functional in reakime, collecting input now also frorthe N | E FEarly
Warning Sytem; therefore, SeisDaRbcan generata range for fatality estimates with 35 secondsifter the
alarm is issuedAll modulesprovide results in less than 6 minutds.order to test the systemwe usd 5 relevant
Vranceaearthquake scenarigaith magritudes from 6.4 to 7.7). Results show that although estimatisimg

the two different moduleslo not match exactly (SELENA apparently slightly overestagatepresentative
insights regarding the potential damage scale of Vrancea earthauaakks exacted
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1.INTRODUCTION

Immediately after an earthquake, an efficient management of emergency response is an essential
component of earthquake risk reductittrwvas observed that poor emergency response can multiply
the death toll of an earthquake by a factor of 10 (Coburn and Spence, RPO®R)p decisiormakers

and planners to recommend pesrthquake actions quickly and knowingly, Earthquake Loss
Estimation ELE) tools have been developed over the past few decades. Thesednekor less
empirically, ground shaking intensityfovided bysystems such as ShakeMap estimated directly in

ELE through prediction equationgo informationregardingthe physical(buildings) and socio
economic vulnerability and distributiotdowever, ELE still involve a high degree of uncertainty.
They can be generated by other uncertainties
knowledge on built environment, iteafjility characteristics, and of the survival rates in an earthquake
(Erdik et al. 2011)Since ELE results need to be represented generally on maps with good visual
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impact, but reflecting also uncertainties, Geographic Information Systems (GIS) areisdterior
final processing.The state of the art dELE methodologiesand softwarehave been previously
assessed bPpaniell (2011) there are more thab8 packagesvailable (many being free and open
source).The research in this field has started moreresitely in the United States and Japan, with the
development of the HAZUS multiazard softwareFEMA, 2014). Several local systems capable of
computing damage and casualties in near real time already exist in several cities of theuslords
Yokohama,Tokyo, Istanbul, Taiwan, Bucharest and NapEslik et al. 2011

The science of seismic risk estimatiomie that always

has to evolwehich is essential, since on one

side we are still far from modellingpmplexprocesses that lead to real damagmnaded few years
ago, and on the other sideep up with the new technologicand territorial development&ach
destructive earthquake contributad will contributeo adjustments in loss estimation parameters

Romania has one of the greatest seisrairahd levels in

Europe, mainly due to earthquakes occurring

in the intermediatglepth Vrancea Sourdat depths regularly between 70 and 180,Kogated in the
Eastern Carpathian Belt, near the center of the co(figyre 1) Statistically, 2 or 3 eartfuakes with
momentmagnitude (Mw) greater than 7 occur here per century. The last major event (on March 4,
1977, with Mw of 7.4, at 94 km depth) was the most destructive, resulting in the death of 1578 people
and the collapse of tens of thousands of bigdj not just in the epicentral area, but also hundreds of
km apart (in cities like Bucharest, lasi, Craiova or Chisinau). It is clear that a major earthquake will
strike again, thereforere must use the opportunity mcent scientific knowledgas an esmtial tool

for mitigating the potential damaged creating effective preparedness solutions
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Figure 1. Map of Romani a,
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Catalog(NIEP, 2017, results of the probabilistic semc hazard analysis of the RRISK Projectand seismic
stations with reatime transmission at the Romanian Seismic Network (RSN)

The expansion of the Romanian Seismic Network and the implementation of ShalatNfag
National Institute for Earth PhysiqiNIEP) providethe means foquantifying the sismic ground
motion, although therwill be a neverending effort to improve the coverage of seismic stations and to
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betterunderstandocal attenuationT he f eedback t hat wedvetheraetorei ved |
with responsibilities in emergency response shows tifatrhation provided by ShakeMajis not
relevantenough Therefore, a new system responding to thewressitiegneed of knowing potentially

affected areas, considering also exposure ‘amderability) was created The system is called
SeisDaRo (Thenear reatime system for estimating th&eismic damage in Romanja and
automatically produces maps and reports regarding easy to grasp aspects such as estimated number of
collapsed buildingsand fatalities minutes after an earthquake witical magnitudeO 4. Since its
implementation in 2011SeisDaRo evolved, and @nce December 2014t the & version In this

paper, we present itechnical characteristicandtestit for 5 representat® Vrancea scenarios, with

the goal of providing insights on how an ELE system like this works in real time, which optimizations

can be performed and what types of useful representations can be gemMdsasztheless, scenario

results are of great interestnce they showhe actual potentiaeismic riskof Romania.

2.SYSTEM CHARACTERISTI CS

In order to reflect the SeisDaRo progress, st briefly mention the characteristics of previous

versions:

- Version 1,implemented in 201,lused only SELENASeisnic Loss Estimation using a logic tree
approach) a highly appreciated (Stafford et al. 200@pensoure software developed by
NORSAR (Molina et al. 2000 The input for SELENAcame from theUSGS ShakeMap as
implementedat NIEP (Erduran et al. 2012and abuilding and population dataset from 1989
2002 for 7 Romania countieg(at city/commune level, or smallelsbcal AdministrativeUnits 1
LAU2 - in Romania)andfrom 2009, for9 northern Bulgaria municipalities

- In Version 2jimplemented in 2013he databasdrom 1999wasfurther processed and the analysis
was extendedor Bucharest and9 Romanian countieflocatedin the most exposedireato
Vrancea earthquakesThe methodor estimatingfatalities was changed SELENA from Simple
(use of only onegeneral population to building typology profile) HAZUS (individual profiles
for eachLAU2), and a new representation and reporting code was developed.

As shown in Figure 2, SeisDaRbhas two independent modulleased on different methodologies

thatestmateseismic losss

- PAGERRO module, which is an adaptatiof the USGS PAGER methodology (Jaiswal et al.
2009; this moduleexpresses earthquake fatality rate (the ratio of the total number of shaking
related fatalities to the total population exposed given shaking intensity) in terms of a two
parameter lognormal cumulative distribution functidime modulecurrently uses the PAGER
coefficients for Romani aappliddtditite.eduationird@iswa dtaland s
(2009) together with intensity data and a refined population distribution dataset at the level of
2011, atLAU2 level. PAGERRO generatesough fatality estimateat national leve(the mean
result is not as relevant as the ranges of fatality and their probabilitiek@se)erin a very short
amount oftime (35 seconds)providing the firsscaleof the impact

- SELENA module,in which the methodologyrelies onthe ImprovedDisplacement Coefficient
Analytical Method [DCM, desribed inMolina et al. 201p along with capacity and fragility
curves for determining probabilities of general building typologies collapseher on, for
describingthe impact of building collapse in terms of human casualtieHAZUS approachs
applied. The response spectrum is calculated using the-28@ methodology. Building and
population datat LAU2 level,from the Romanian National Census in 20dre usedEconomic
losses are not estimated at the moment.
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Figure 2. Implemetation scheme for SeisDaRo

The Custom ShakeMap modulgrovidesintensity and acceleration data for the PAGE® and
SELENA loss estimation module3$his componentcan mix reatrecaded data from the seismic
stations of the Romanian Seismic Netwavith estimates obtained with Ground Motion Prediction
Equations (GMPE)Earthquake parameters produced automatically by the Romanian Early Warning
System (REWS) or by the Anteloeftware(and potentially SEISCOMP, through which only data
acquisition is run at the momerdje also highly importarfor intensity and acceleratigorediction
equations

As input for PAGERRO, the Custom ShakeMap modutalculatesfor the Vrancea intermediate
depth sourcghe mean between twspecific Intensity Prediction Equations (IPEporensen IPE
(Sorensen et a2007) and Saiov IPE (Sokolov et aR008)

As input for SELENA, peak ground acceleration (PGA) and spectral acceleration (SA) values at
periocs of 0.3 and 1 second are providéd previously observed (Sokolov et al. 2Ra8e complex
subcrustalnature of the Vrancea source leadsdifficult to predict ground motionsas major
earthquakes tend showdifferent patterns. The current GMPEs deped specifically for this source

have difficulties in reflecting local effects and have high error ranges for magnitudes greater than 7.
That is whywe chose to add a Custom ShakeMagdule in whichwe incorporated a new capability
(TomaDanila and Cidan, 2017: when real recordings are available, for a specific azimuth (45

be representative fadhe Vrancegattern$ it is checked which GMPHts best withrecorded values

and is selectedAt the moment, two GMPEs can be seldct8okolov GMPE (8kolov et al.2008)

and Vacareanu et al. (201®)verall, the advantage of this approach lies in the fact that it gives more
credit to real recorded values (nevertheless checking for their correctness), it can dynamically select
and use a GMPE for a specifizimuth, it is easier to be parameterized and takes only a few seconds
to run.Statistics will show in time which combinatian weighting scheme more relevant for major
earthquakesA comparison between resultbtained with the classical and custpnocedurecan be

found in subchapte3.3.

To each of the above modules, a special code section wastadgiterat®utput data in GIS format
(shapefiles,geadSONor kml), maps and graphs easy to understddidclaimers are an important
aspect to be ingporated inthesehigh sensitivity products.
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3. DATA
3.1 Data about residential buildings

The upgrades that we mentioned refer first of all to the statistical data that we used; the old dataset
verson of SeisDaR@ was limited to 19Romanian Countieand Buchares{1400 analysis points in

total), and dated from 1999 or 2002. In the new versionimpementeddata from the 201National

census, for all Romanian counties (@did Bucharest at administrativeinit level: city or commune

(Figure 3. In total now there are 3186 dwsis points, which leads to thinute of extraime for
SELENA computationData was obtained within the framework of the-lRisk national projectThe
characteristics of the nedataset imposed a different selection of vulnergbdurves for buildings
compared to the arrangement for the previous data
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Figure 3. The distribution of residential buildings and inhabitants per city/commune, according2@lthe
database used in SeisDaBo

Table 1. SeisDaRo 3 building typologie

Construction Typology + | Number of | Typology | + | Construction Typology
material floors period
Reinforced RC Ground floor, | Low O 1945, |PreCode
concrete or precas 1-2 floors 1960
concrete
Masonry, stone or | M3_1 (with 3-5 floors Medium 19611977 LowCode
substitutes, and HighCodei
wooden floors M4)
Masonry, stone or | M3_2 (with 06 floors High 19781992 ModerateCde
substitutes, and HighCodei
concrete floors M4)
Adobe M2 Not available | Not 19932002, HighCode
information | considered 20032006,
20062011
Wood w Not available Not considered
information
Mixt materials, Not
other materials considered
Not available Not
information considered
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Figure4. Total number of residential buildings from Romania in each typology presented in Table 1

Newer data structuréTable 1)did notallow keeping three sutypologies for reinforced concrete;
aftermultiple tests it was considered that vulnerabilityvas forRC2, as in the old typologies (Toma
Danila and Armas, 20}/ fits best for a generalized quantification of damage for the respective
construction materialnfortunately,in the 2011censusthere were partially or completely missing
information for 9.79% of the total number of buildings in Romania (1,041,716 out of 10,638,078)
(Figure 4) 552% of the buildingshad the construction material referendenixt materials, other
material® or finot available informatiot) and could not be considered ftite loss estimation,
although having info about number of floors and construction period. The rd=2786 had even

fewer information. These percentages have to be considered when concluding upon the results, since
loss estimates for all buildings couldve values 10% or more than produced at the moment, due to
the aforementioned issue. We estimate that at least 500,000 buildings built in the PreCode or
LowCode period are not considered in SeisD&8Raue to lack of sufficient data for considering them
reasonably.

Most of the capacity curves for typologies presented in Table 1 were associated with curves from the
HazusMH databas€FEMA, 2014, after expert analysis of their representativeness and comparison
testing with other regional curves. Capacity dradility curves for the M4 typology werselected

from the Reinforced Masonry Bearing Walls (RM2) Haiiild (FEMA 2014)typology,in order for

loss estimatet become more consistent with values for Miand M3 2 typologies. Fragility curves

for RC are dapted to the woskof the Technical University of CiviEngineering in Bucharesior the

DACEA Project

3.2 Population

Compared to the previous SeisDaRo dataset from 1999, which had associated for each building
typology a number of corresponding inhahbis,individually for eachcity/commune, for 2011 we

only had general information regarding populatiototal number of inhabitants per city/commune,

with no info about their distribution per building typolody. order toovercome thidimitation, we
developed an empirical methodojogimilar to the ELER approach (KOERI, 2Q2hich enabled us

to makeassumptiongwith high degree of uncertaintyjpon the degree of population distribution per
building typology based on the 1999 population distributpofiles. First, we calculated the average
number of inhabitants per building typology, from the 1999 data. This number was multiplied with the
2011 number of buildings in each city/commune with correspondent in 1999, and a simulated number
of inhabitantswas obtained. A ratio between this value and the actual number of inhabitants in 2011
was calculated, and applied to the values for each typology in order to rea2dltheumber of
inhabitantsThis ratio wasetween 0.42 and 119with an average of ®%nd a standard deviation of

0.12, showing that the estimates fit better than expected with the data fromVEZBé&fh a direct
correspondent between 1999 and 2011 geounits could ragtbamined (half of Romania), average
profiles for two types for citiesor commune$ were applied, leading to the ratiaith an average of

1.23, but a considerable standard deviation of .1T0% main reason for this are the regional
differences between areas for which we extracted inhabitant distribution profiles (Maidiyva and
Muntenia) and areas for which we applib@se profilegTransilvania, Crisana, Oltenia); it is clear

that the number of inhabitants per building typology varies from a region to another, still at this point
we could notaccount for this aspec






