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Abstract: This paper presents the current state-of-the-art methodology for earthquake risk assessment by 

implementing risk management techniques with comprehensive approach on technical and economics 

perspectives. The risk may be measured in terms of expected economic loss, in terms of human lives lost, or in 

terms of physical damage to property, where appropriate measures of damage are available. Risk may be 

expressed as average expected losses or in terms of probabilistic manner and should include proper consideration 

of vulnerability and exposed values. Earthquake risk assessment methodologies consider and combine three 

main factors: earthquake hazard, fragility/vulnerability, and inventory of assets exposed to hazard. 
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1. INTRODUCTION 

Seismic risk has been defined as the potential economic, social and environmental consequences 

of hazardous events that may occur in a specified period of time, thus, referring to the risk of damage 

from earthquake to a building, system, or other entity. 

Seismic risk is often determined using a seismic modelling computer program which uses the 

seismic hazard inputs and combines them with the known susceptibilities of structures and facilities, 

such as buildings, bridges, electrical power switching stations, etc. The risk may be measured in terms 
of expected economic loss, in terms of human lives lost, or in terms of physical damage to property, 

where appropriate measures of damage are available. Risk may be expressed as average expected 

losses or in terms of probabilistic manner and should include proper consideration of vulnerability and 
exposed values. For the specific case of earthquake risk assessments, this process can be described by 

the flowchart presented in Figure 1. 

 

Figure 1  Earthquake risk assessment process [1] 
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The approach to the problem of risk analysis depends on the scale. For individual existing 
buildings or construction sites, the analysis can be conducted in detailed manner, taking into account 

geotechnical information about the site, location of probable hazard sources and estimated seismic 

influence, using advanced numerical or simplified methods of structural analysis and considering all 

relevant elements at risk. Earthquake risk assessment methodologies consider and combine three main 

factors: earthquake hazard, fragility/vulnerability, and inventory of assets exposed to hazard. 

2. EARTHQUAKE HAZARD 

Since earthquakes are relatively rare events which may or may not occur during service life of a 
building, but could potentially have devastating consequences, structural design level that could assure 

the response of buildings in the linear-elastic region, eliminating the potential damage, would not be 

economically feasible. A certain level of damage due to earthquake is thus allowed, under the 
conditions that human lives are protected, the damage is limited and the structures important for civil 

protection are to remain operational [2]. 

A hazard analysis is used as the first step in a process used to assess risk. A hazard is a potential 

condition that either exists or not (probability is 1 or 0). It may in single existence or in combination 
with other hazards (sometimes called events) and conditions become an actual Functional Failure or 

Accident. The way this exactly happens in one particular sequence is called a scenario. This scenario 

has a probability (between 1 and 0) of occurrence. It also is assigned a classification, based on the 
worst case severity of the end condition. Risk is the combination of probability and severity. 

Preliminary risk levels can be provided in the hazard analysis. The validation, more precise prediction 

(verification) and acceptance of risk is determined in the Risk assessment analysis. The main goal of 

both is to provide the best selection of means of controlling or eliminating the risk. 

A seismic hazard is the probability that an earthquake will occur in a given geographic area, 

within a given period of time. High intensity earthquakes may result in partial or complete damage of 

buildings, dams, roads, bridges, etc. which concludes into loss of life and property. Effect of 
earthquake also depends on various factor like topography, epicentre, magnitude and location of fault 

rupture. 

Balkan Peninsula belongs to Alpine–Mediterranean seismic belt. The seismicity of the Balkans is 
the highest in Europe and is caused from multiple plate interactions in the Aegean Sea and Adriatic 

Sea and complicated deep tectonics in the Carpathians. This region is comprised of relatively rigid 

blocks as Adriatic, some sectors of Alpine belt, Alps, Carpathians, Balkan Mountains, Dinarides, 

Hellenides, the Hellenic Arc, and Anatolian belt as well as internal basins as Tyrrhenian, Aegean, 

Pannonia and Black Sea [3].  

Seismic hazard maps for the Western Balkan countries, obtained using probabilistic seismic 

hazard analysis approach (PSHA), are presented in Figure 2. The results are expressed in terms of 
peak horizontal acceleration (PGA) for 95 and 475 years return periods, which is aligned with 

Eurocode 8 requirements. 

Investigations of earthquake damage and its irregular distribution in space, showed that for 
comparable epicentral distances, the variations were related to the geologic and soil site conditions. To 

account for these variations, it was proposed that city planners and earthquake engineers should be 

provided with microzoning maps with coefficients that characterize expected spatial variations in the 

amplitudes of shaking. The equivalent horizontal earthquake force, and later, the response spectrum 
amplitudes, which were used in the seismic design of structures, were then increased or decreased 

according to the values of the amplification coefficients defined in the microzoning maps. 

Preparation of seismic microzonation maps involves many intermediate steps including 
description of seismic activity surrounding the site, attenuation (from source to the site) of the quantity 

(peak acceleration or velocity, site intensity, spectral amplitudes, duration of strong shaking, power of 

strong shaking, energy required to initiate liquefaction, peak strains for design of underground 

structures and pipes, simultaneous action of surface faulting with strong shaking), and ultimately their 

probabilistic combination to determine the balanced outcomes. 
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Figure 2  Seismic hazard map of Western Balkans showing peak ground acceleration for: 10% 

probability of exceedance in 10 years (RP 95 years) (left) and 10% probability of exceedance in 50 

years (RP 475 years) (right) [4] 

After the first direct empirical scaling equations of spectral amplitudes started to appear, it 

became possible to formulate seismic zoning and microzoning in terms of more comprehensive 

approaches. Such approaches could include the probabilities of earthquake occurrence, the spatial 
distributions of earthquake sources, the frequency-dependent attenuation of strong-motion amplitudes, 

and the site geologic and soil conditions [5]. The advantage of this new approach was that it 

considered simultaneously, and in a balanced way, all factors that contributed to the end result. 
Methodologies have been developed that allow the direct determination of maximum spectral 

accelerations for specified values of the period of a single-degree-of-freedom system and for a given 

probability of exceedance. A plot of such spectral acceleration values is referred to as a uniform 

hazard spectrum (UHS) and is presented in Figure 3 for the territory of Serbia. 

 

Figure 3  An example of a seismic zoning map for Serbia, for pseudo spectral velocity (PSV), for a 

5% fraction of critical damping, computed with the UHS method, for local seismicity and contribution 
from Vrancea earthquakes combined, at the basement rock sites (s = 2), rock soil sites (SL = 0), at 12 

periods ranging from 0.04 to 2.00 s, for probability of exceedance p = 0.10, and for an exposure time 

of Y = 50 years. The circle shows location of the city of Belgrade. [6] 
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3. FRAGILITY AND VULNERABILITY 

The concept of a fragility function in earthquake engineering first appeared in the 1980s, with a 

definition of a fragility function as a probabilistic relationship between frequency of failure of a 

component and peak ground acceleration in an earthquake. More broadly, a fragility function can be 

defined as a mathematical function that expresses the probability that some undesirable event occurs 

Also, a fragility function represents the cumulative distribution function of the capacity of an asset 

to resist an undesirable limit state. Capacity is measured in terms of the degree of environment 

excitation at which the asset exceeds the undesirable limit state. For example, a fragility function could 
express the uncertain level of shaking that a building can tolerate before it collapses. The chance that it 

collapses at a given level of shaking is the same as the probability that its strength is less than that 

required to resist that level of shaking. The most common form of a seismic fragility function is the 

lognormal cumulative distribution function (CDF), Figure 4. 

 

Figure 4  Lognormal: probability density function (left) and cumulative distribution function (right) 

The HAZUS-MH technical manual [7] offers a number of whole-building fragility functions, 

defining for instance probabilistic damage to all the drift-sensitive nonstructural components in the 

building in four qualitative damage states (slight, moderate, extensive, complete) as a function of a 

whole-building measure of structural response (spectral acceleration response or spectral displacement 
response of the equivalent nonlinear SDOF oscillator that represents the whole building), as illustrated 

in Figure 5. 

 

Figure 5  Example fragility curves for slight, moderate, extensive and complete damage [7] 

Vulnerability functions relate a given risk figure, as for example the expected economic loss or 

the mean damage ratio and their corresponding variances, to the hazard intensity parameter. The 

formulation of vulnerability functions requires the definition of the loss L as a random variable, 
providing all the necessary information to calculate the probability of reaching or exceeding a loss 

value, given the hazard intensity [8]. Methods to derive vulnerability functions can be classified into 

three general approaches: empirical, analytical, and expert opinion. 
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Empirically derived vulnerability functions are generally the most desirable from a risk 
management viewpoint because they are derived wholly from observations of the actual performance 

of assets in real earthquakes. For that reason they are highly credible. One collects observations of 

many facilities without preference to degree of damage (i.e. without selecting samples because they 

are damaged), recording: xi = environmental excitation (ground motion, wind speed, etc.) at each 
property i, yi = loss (repair costs, fatality rate, duration of loss of function, etc.) at property i, and ci = 

attributes of property i (structural material, lateral force resisting system, height, age, etc.). 

The samples are then grouped by one or more attributes (e.g., by model building type) and for 
each group a regression analysis is performed to fit a vulnerability function, usually to the mean and to 

the standard deviation as functions of environmental excitation. The vulnerability function can be 

expressed in a table of mean and standard deviation of loss at each of many levels of excitation for the 
given class of facility. Empirical wind and flood vulnerability functions date at least to the 1960s, and 

empirical earthquake vulnerability functions at least to the 1970s. 

The analytical method provides insight where the empirical method does not. It can be used to 

estimate the vulnerability of building types which have not yet experienced strong motion. It also 
includes the behaviour of buildings at higher levels of excitation than have shaken the building type of 

interest in actual earthquakes. It provides a method to estimate repair costs, life-safety impacts, 

without relying on proprietary insurance data or questionable construction permits. It avoids problems 
associated with sparse accelerometers, and it can also refer to the causes of damage and the effects of 

building details such as soft-story conditions. 

Where empirical data are insufficient and analytical methods are too costly, an expert opinion can 

be employed. Expert opinion is very efficient, capable to produce a new vulnerability function at the 
cost of a few person-hours each, of estimating the performance of buildings that have not yet 

experienced strong motion, and of estimating the effects of building features such as soft-story 

conditions. Its great disadvantages are: lack of credibility because it cannot be objectively tested other 
than through cross-validation, and underestimation of uncertainty. Experts often have an exaggerated 

idea of their own sagacity, but it can be controlled with careful conditioning of the experts. 

Many vulnerability functions are expressed with conditional probability distributions that give a 
probability that loss will not exceed some specified value given the excitation, for a particular asset 

class. The distribution is often assigned a parametric form such as lognormal or beta, in which case the 

parameters of the distribution are all required, some or all of them conditioned on excitation. 

4. INVENTORY OF ASSETS EXPOSED TO HAZARD 

To estimate catastrophe risk to many assets, a portfolio catastrophe risk analysis is performed, 

referring to a group of many assets. Portfolio catastrophe risk models generally characterize portfolio 

assets as samples of one or more classes, each sample having engineering attributes taken as 
independent and identically distributed. Portfolio models limit the need to gather information about the 

geometry and engineering characteristics of each asset or to perform geotechnical or structural analysis 

of each asset. Catastrophe risk models generally start with a collection of available data about the 
assets at risk: their geographic locations, quantities exposed to loss and attributes (for example, the 

number of stories). Available data often appears in a format different from the parameters required by 

the model that will be employed, using different terminology or missing attributes that the model 

requires, so the modeller must estimate the model parameters from the available data, through an asset 
analysis. When the available data contain less information than the model requires, the modeller can 

perform a probabilistic asset analysis, estimating the probability distribution of model parameters 

conditioned on the input data. Financial loss is, essentially, the translation of physical damage into 
total monetary loss using local estimates of repair and reconstruction costs. Studies on economic 

impacts of earthquakes have been usually examined in two categories: loss caused by damage to built 

environment (direct loss), and loss caused by interruption of economic activities (indirect loss). A 

portfolio risk analysis can be characterized as comprising the portfolio definition followed by three 
analytical stages: hazard analysis, engineering loss analysis, and financial loss analysis. The last stage 

only applies in the case of a contract that transfers risk. The probability distribution function for the 
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loss to a portfolio depends on the spatial correlation of the ground motion and the vulnerability of the 
buildings. When spatial correlation is considered, the losses at longer return periods increase. On the 

opposite side, the losses at shorter return periods may be overestimated if spatial correlation is not 

included in the analysis. Earthquake risk/loss assessment models should explicitly account for the 

epistemic uncertainties in the components of analysis, especially in the inventory of assets and 

vulnerability relationships. 

5. CONCLUSION 

For most management purposes, seismic risk has been defined as the potential economic, social 
and environmental consequences of hazardous events that may occur in a specified period of time, 

thus, referring to the risk of damage from earthquake to a building, system, or other entity. Risk may 

be expressed as average expected losses or in terms of probabilistic manner and should include proper 
consideration of vulnerability and exposed values. Earthquake risk assessment methodologies consider 

and combine three main factors: earthquake hazard, fragility/vulnerability, and inventory of assets 

exposed to hazard. High intensity earthquakes may result in partial or complete damage of buildings, 

dams, roads, bridges, etc. which concludes into loss of life and property. A fragility function 
represents the cumulative distribution function of the capacity of an asset to resist an undesirable limit 

state. Vulnerability functions relate a given risk figure, as for example the expected economic loss or 

the mean damage ratio and their corresponding variances, to the hazard intensity parameter. From the 
point of inventory of assets exposed to hazard, portfolio catastrophe risk models generally characterize 

portfolio assets as samples of one or more classes, each sample having engineering attributes taken as 

independent and identically distributed. 
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