
 Fatalities Patients 

2003 Boumerdes Earthquake (M6.8) 

Reported (Algeria) 2,287 11,450 

Calculated (Algeria) 1,880 – 3,750 9,060 – 16,190 

1977 Vrancea Earthquake (M7.4) 

Reported (Bucharest) 7,598 1,424 

Calculated (Bucharest) 4,490 – 8,460 900 – 1,980 
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QLARM characteristics and loss estimation algorithm

 
Determine Vulnerability class / Building type  

Define and Calibrate Vulnerability model 

Calculate the mean damage degree and 
probabilities of occurrence of certain 

damage degree 

Calculate the casualty rates  

Calculate the MPV number and LPV / HPV 
range of damaged buildings 

Calculate the MPV number and LPV / HPV 
range of casualties 
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Vulnerability models for EMS-98 vulnerability classe s

MPV – most probable value;
LPV / HPV – low / high probable values
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HAZUS99-based casualty matrix
(C1 – not injured, C2 – slightly injured, C3 – moderately injured,

C4 – seriously injured, C5 – dying or dead)

Collapse rates for EMS-98 vulnerability classes in Europe
(source: World Housing Encyclopedia and PAGER)
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We are developing a new generation of earthquake loss 
estimation software QQLARMLARM to be used in real-time or 
scenario mode.  Our tool focuses on developing 
countries, where only approximate information exists 
on building stock and population.  This software and 
databases will be open to all scientific users.  The code 
is written in Java in a modular format compatible with 
SHAKEMAP and PAGER.  The modes of operation will 
be off a server and standalone.  The main output 
parameter will be:  (1) Estimated total number of 
fatalities and injured, (2) estimated casualties by 
settlement, (3) estimated percent of buildings in five 
damage grades, (4) a map showing mean damage level 
by settlement, (5) intensity of shaking at schools and 
hospitals. 

We construct the QLARM database using: 1) point city 
models for the cases where only summary data for the 
entire city are available; and, 2) discrete city models
where data regarding city sub-divisions (districts) are 
available.  We attribute the following parameters to the 
city models.  (1) Soil amplification factors.  (2) 
Distribution of building stock and population into 
vulnerability classes defined by the European 
Macroseismic Scale (EMS-98) or building types.

The soil amplification factors for city models are to be 
defined in accordance with the national soil 
classification or local microzonation data, or using 
estimates of Vs30, based on topography.  The building 
distributions to be developed depend on the available 
data resolution, considering the structural subclasses, 
the period of construction, the height of the buildings 
and the level of seismic protection.  

QLARM database

QLARM validation

Comparison of the calculated with the reported casualties showed that all 
reported values of fatalities and injured were within the range of the 
theoretical estimates.  Modifying the vulnerability curve for one of the 
building classes in Bucharest to adjust it for local building properties 
brought a slight improvement of the loss estimates. Although preferred, we 
cannot validate the discrete city models for Bucharest because reported 
values exist for the entire city only.  In general, the distribution of buildings 
in terms of vulnerability classes can be considered as reliable input for 
estimation of future losses, although the resolution of the data decreases 
when vulnerability classes are inferred from building types.

We checked the validity of the distributions and method itself simulating (1) the 2003 Boumerdes 
earthquake (M6.8) in Algeria and (2) the 1977 Vrancea earthquake (M7.4) in Romania.

Discussion
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Calculated  distribution of buildings by damage gra des in Bucharest for
the 1977 Vrancea earthquake

(D0 – no damage; D1 – slight; D2 - moderate; D3 - heavy; D4 - very heavy; D5 – collapse)

Reported compared to calculated losses for the 2003  Boumerdes and
1977 Vrancea earthquakes

Point city models for three city size classes in Alg eria 
(distributions of population into vulnerability classes)

Point (a) and discrete (b) city models for Bucharest
(distributions of buildings and population into vulnerability classes for (a) entire city and by (b) six city districts)
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In the first case we used 
point city models for 
three city size classes in 
Algeria.  In the second 
case we used Bucharest 
point and discrete city 
models constructed with 
the data on the building 
stock, the population and 
the average soil 
conditions in the six city 
districts (figures on the left 
and bellow).

(a)

(b)
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