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ABSTRACT 
 

Romania is one of Europeôs countries with the greatest seismic hazard, mainly due to major earthquakes 

originating in the subcrustal Vrancea Source. A future major earthquake could be a shock, therefore it is vital to 

estimate in actual context the size and distribution of losses, based on scenarios (leading to seismic mitigation), 

but also in real-time (with impact on effective emergency response). Since 2011, the National Institute for Earth 

Physics engaged in this effort and created SeisDaRo ï a system dedicated to the estimation of seismic damage in 

Romania, in terms of building damage and fatalities. In 2016, a 3rd version, described in this paper, was released, 

providing significant upgrades: a custom ShakeMap module for computing faster and more representative to 

Vrancea Source intensities and accelerations, and a module representing an adaptation to Romania of the 

USGSôs PAGER methodology. The other versionôs module relying on the SELENA software is also included, 

using the Improved Displacement Coefficient Method for estimating building failure probability and HAZUS 

method for fatality estimation. As building and population database, SeisDaRo now uses newer data from the 

2011 National Census. The system is functional in real-time, collecting input now also from the NIEPôs Early 

Warning System; therefore, SeisDaRo 3 can generate a range for fatality estimates within 35 seconds after the 

alarm is issued. All modules provide results in less than 6 minutes. In order to test the system, we used 5 relevant 

Vrancea earthquake scenarios (with magnitudes from 6.4 to 7.7). Results show that although estimations using 

the two different modules do not match exactly (SELENA apparently slightly overestimates), representative 

insights regarding the potential damage scale of Vrancea earthquakes can be extracted. 
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1. INTRODUCTION  

 

Immediately after an earthquake, an efficient management of emergency response is an essential 

component of earthquake risk reduction. It was observed that poor emergency response can multiply 

the death toll of an earthquake by a factor of 10 (Coburn and Spence, 2002). To help decision-makers 

and planners to recommend post-earthquake actions quickly and knowingly, Earthquake Loss 

Estimation (ELE) tools have been developed over the past few decades. These link, more or less 

empirically, ground shaking intensity (provided by systems such as ShakeMap, or estimated directly in 

ELE through prediction equations) to information regarding the physical (buildings) and socio-

economic vulnerability and distribution. However, ELE still involve a high degree of uncertainty. 

They can be generated by other uncertainties in earthquakeôs source parameters and by our lack of 

knowledge on built environment, its fragility 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) are often used for 

final processing. The state of the art of ELE methodologies and software have been previously 

assessed by Daniell (2011); there are more than 18 packages available (many being free and open-

source). The research in this field has started more extensively in the United States and Japan, with the 

development of the HAZUS multi-hazard software (FEMA, 2014). Several local systems capable of 

computing damage and casualties in near real time already exist in several cities of the world, such as 

Yokohama, Tokyo, Istanbul, Taiwan, Bucharest and Naples (Erdik et al. 2011). 

The science of seismic risk estimation is one that always has to evolve, which is essential, since on one 

side we are still far from modelling complex processes that lead to real damage recorded few years 

ago, and on the other side keep up with the new technological and territorial developments. Each 

destructive earthquake contributed and will contribute to adjustments in loss estimation parameters. 

Romania has one of the greatest seismic hazard levels in Europe, mainly due to earthquakes occurring 

in the intermediate-depth Vrancea Source (at depths regularly between 70 and 180 km), located in the 

Eastern Carpathian Belt, near the center of the country (Figure 1). Statistically, 2 or 3 earthquakes with 

moment-magnitude (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 buildings, not just in the epicentral area, but also hundreds of 

km apart (in cities like Bucharest, Iasi, Craiova or Chisinau). It is clear that a major earthquake will 

strike again, therefore we must use the opportunity of recent scientific knowledge as an essential tool 

for mitigating the potential damage and creating effective preparedness solutions. 

 
 

Figure 1. Map of Romania, showing earthquakes with Mw Ó 4 and seismic sources according to the BIGSEES 

Catalog (NIEP, 2017), results of the probabilistic seismic hazard analysis of the RO-RISK Project and seismic 

stations with real-time transmission at the Romanian Seismic Network (RSN) 

 

The expansion of the Romanian Seismic Network and the implementation of ShakeMap at the 

National Institute for Earth Physics (NIEP) provide the means for quantifying the seismic ground 

motion, although there will be a never-ending effort to improve the coverage of seismic stations and to 
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better understand local attenuation. The feedback that weôve received from authorities and other actors 

with responsibilities in emergency response shows that information provided by ShakeMaps is not 

relevant enough. Therefore, a new system responding to their necessities (need of knowing potentially 

affected areas, considering also exposure and vulnerability) was created. The system is called 

SeisDaRo (The near real-time system for estimating the Seismic damage in Romania), and 

automatically produces maps and reports regarding easy to grasp aspects such as estimated number of 

collapsed buildings and fatalities, minutes after an earthquake with local magnitude Ó 4. Since its 

implementation in 2011, SeisDaRo evolved, and is since December 2017 at the 3rd version. In this 

paper, we present its technical characteristics and test it for 5 representative 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 generated. Nevertheless, scenario 

results are of great interest, since they show the actual potential seismic risk of Romania. 

 

2. SYSTEM CHARACTERISTI CS 

 

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

versions: 

- Version 1, implemented in 2011, used only SELENA (Seismic Loss Estimation using a logic tree 

approach), a highly appreciated (Stafford et al. 2007) open-source software developed by 

NORSAR (Molina et al. 2010). The input for SELENA came from the USGS ShakeMap as 

implemented at NIEP (Erduran et al. 2012), and a building and population dataset from 1999 or 

2002, for 7 Romanian counties (at city/commune level, or smallest Local Administrative Units ï 

LAU2 - in Romania), and from 2009, for 9 northern Bulgaria municipalities. 

- In Version 2, implemented in 2013, the database from 1999 was further processed and the analysis 

was extended for Bucharest and 19 Romanian counties (located in the most exposed area to 

Vrancea earthquakes). The method for estimating fatalities was changed in SELENA from Simple 

(use of only one general population to building typology profile) to HAZUS (individual profiles 

for each LAU2), and a new representation and reporting code was developed. 

As shown in Figure 2, SeisDaRo 3 has two independent modules based on different methodologies 

that estimate seismic losses: 

- PAGER-RO module, which is an adaptation of the USGS PAGER methodology (Jaiswal et al. 

2009); this module expresses earthquake fatality rate (the ratio of the total number of shaking-

related fatalities to the total population exposed at a given shaking intensity) in terms of a two-

parameter lognormal cumulative distribution function. The module currently uses the PAGER 

coefficients for Romania (ɗ=17.5, ɓ=0.24 and stdev = 2.6), applied to the equation in Jaiswal et al. 

(2009), together with intensity data and a refined population distribution dataset at the level of 

2011, at LAU2 level. PAGER-RO generates rough fatality estimates at national level (the mean 

result is not as relevant as the ranges of fatality and their probabilities are), however in a very short 

amount of time (35 seconds), providing the first scale of the impact. 

- SELENA module, in which the methodology relies on the Improved Displacement Coefficient 

Analytical Method (IDCM, desribed in Molina et al. 2010) along with capacity and fragility 

curves for determining probabilities of general building typologies collapse. Further on, for 

describing the impact of building collapse in terms of human casualties, the HAZUS approach is 

applied. The response spectrum is calculated using the IBC-2006 methodology. Building and 

population data at LAU2 level, from the Romanian National Census in 2011, are used. Economic 

losses are not estimated at the moment. 
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Figure 2. Implementation scheme for SeisDaRo 3 

 

The Custom ShakeMap module provides intensity and acceleration data for the PAGER-RO and 

SELENA loss estimation modules. This component can mix real-recorded data from the seismic 

stations of the Romanian Seismic Network with estimates obtained with Ground Motion Prediction 

Equations (GMPE). Earthquake parameters produced automatically by the Romanian Early Warning 

System (REWS) or by the Antelope software (and potentially SEISCOMP, through which only data 

acquisition is run at the moment) are also highly important for intensity and acceleration prediction 

equations.  

As input for PAGER-RO, the Custom ShakeMap module calculates for the Vrancea intermediate-

depth source the mean between two specific Intensity Prediction Equations (IPE): Sorensen IPE 

(Sorensen et al. 2007) and Sokolov IPE (Sokolov et al. 2008).  

As input for SELENA, peak ground acceleration (PGA) and spectral acceleration (SA) values at 

periods of 0.3 and 1 second are provided. As previously observed (Sokolov et al. 2008), the complex 

subcrustal nature of the Vrancea source leads to difficult to predict ground motions, as major 

earthquakes tend to show different patterns. The current GMPEs developed specifically for this source 

have difficulties in reflecting local effects and have high error ranges for magnitudes greater than 7. 

That is why we chose to add a Custom ShakeMap module, in which we incorporated a new capability 

(Toma-Danila and Cioflan, 2017): when real recordings are available, for a specific azimuth (of 450 to 

be representative for the Vrancea patterns) it is checked which GMPE fits best with recorded values 

and is selected. At the moment, two GMPEs can be selected: Sokolov GMPE (Sokolov et al. 2008) 

and Vacareanu et al. (2015). Overall, 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 specific azimuth, it is easier to be parameterized and takes only a few seconds 

to run. Statistics will show in time which combination or weighting scheme is more relevant for major 

earthquakes. A comparison between results obtained with the classical and custom procedure can be 

found in subchapter 3.3. 

To each of the above modules, a special code section was added to generate output data in GIS format 

(shapefiles, geoJSON or kml), maps and graphs easy to understand. Disclaimers are an important 

aspect to be incorporated in these high 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 

version of SeisDaRo 2 was limited to 19 Romanian Counties and Bucharest (1400 analysis points in 

total), and dated from 1999 or 2002. In the new version, we implemented data from the 2011 National 

census, for all Romanian counties (41 and Bucharest), at administrative-unit level: city or commune 

(Figure 3). In total now there are 3186 analysis points, which leads to 1 minute of extra-time for 

SELENA computation. Data was obtained within the framework of the Ro-Risk national project. The 

characteristics of the new dataset imposed a different selection of vulnerability curves for buildings, 

compared to the arrangement for the previous data.  

 

 
 

Figure 3. The distribution of residential buildings and inhabitants per city/commune, according to the 2011 

database used in SeisDaRo 3 

 

Table 1. SeisDaRo 3 building typologies 

 
Construction 

material 

Typology + Number of 

floors 

Typology + Construction 

period 

Typology 

Reinforced 

concrete or precast 

concrete 

RC  Ground floor, 

1-2 floors 

Low   Ò 1945, 1946-

1960 

PreCode 

Masonry, stone or 

substitutes, and 

wooden floors 

M3_1 (with 

HighCode ï 

M4) 

 3-5 floors Medium  1961-1977 LowCode 

Masonry, stone or 

substitutes, and 

concrete floors 

M3_2 (with 

HighCode ï 

M4) 

 Ó 6 floors High  1978-1992 ModerateCode 

Adobe M2  Not available 

information 

Not 

considered 

 1993-2002, 

2003-2006, 

2006-2011 

HighCode 

Wood W     Not available 

information 

Not considered 

Mixt materials, 

other materials 

Not 

considered 

    

Not available 

information 

Not 

considered 
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Figure 4. Total number of residential buildings from Romania in each typology presented in Table 1 

 

Newer data structure (Table 1) did not allow keeping three sub-typologies for reinforced concrete; 

after multiple tests it was considered that vulnerability curves for RC2, as in the old typologies (Toma-

Danila and Armas, 2017), fits best for a generalized quantification of damage for the respective 

construction material. Unfortunately, in the 2011 census, there 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). 5.52% of the buildings had the construction material reference ñmixt materials, other 

materialsò or ñnot available informationò, and could not be considered for the loss estimation, 

although having info about number of floors and construction period. The rest of 4.27% had even 

fewer information. These percentages have to be considered when concluding upon the results, since 

loss estimates for all buildings could have 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 SeisDaRo 3, due 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 

Hazus-MH database (FEMA, 2014), after expert analysis of their representativeness and comparison 

testing with other regional curves. Capacity and fragility curves for the M4 typology were selected 

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

loss estimates to become more consistent with values for M3_1 and M3_2 typologies. Fragility curves 

for RC are adapted to the works of the Technical University of Civil Engineering in Bucharest, for 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 inhabitants, individually for each city/commune, for 2011 we 

only had general information regarding population ï total number of inhabitants per city/commune, 

with no info about their distribution per building typology. In order to overcome this limitation, we 

developed an empirical methodology similar to the ELER approach (KOERI, 2010) which enabled us 

to make assumptions (with high degree of uncertainty) upon the degree of population distribution per 

building typology, based on the 1999 population distribution profiles. 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 inhabitants was 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 reach the 2011 number of 

inhabitants. This ratio was between 0.42 and 1.91, with an average of 0.92 and a standard deviation of 

0.12, showing that the estimates fit better than expected with the data from 2011. When a direct 

correspondent between 1999 and 2011 geounits could not be determined (half of Romania), average 

profiles for two types ï for cities or communes ï were applied, leading to the ratios with an average of 

1.23, but a considerable standard deviation of 1.09. The main reason for this are the regional 

differences between areas for which we extracted inhabitant distribution profiles (mainly Moldova and 

Muntenia) and areas for which we applied these profiles (Transilvania, 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 not account for this aspect. 

 




