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Seismic Hazard and Seismic Risk  

Seismic risk can be defined as the possibility or probability of losses due to earthquake, 
whether these losses are human, social or economic.  
 

Seismic Risk = Seismic Hazard * Vulnerability * Exposure 
 

Hazard Vulnerability ExposureHazard Vulnerability Exposure

 
 
The seismic hazard represents the expected earthquake ground motion at the site of a 
structure or other engineering project. The vulnerability of a structure represents its attitude 
to be damaged by a given intensity earthquake. The exposure refers to the human activity 
located in the zones of seismic hazard and represents the quantity and quality of the “goods” 
(population, facilities, lifelines, etc.) exposed to risk. 
 

 
 
Seismic risk is increasing in the World and this is mainly due to an increase in exposure. 
About 2 billions people are nowadays living in areas exposed to earthquake hazard.  

Bilham (1988) predicted that by the year 2000 there would be more than 100 “super-cities” 
(population greater than 2 million) in the world, with 41 of these located in zones of high 
seismic hazard.  
The total population of these exposed cities has grown from 153 million in 1975 to more than 
300 million now, with 80% of the people at risk living in the Third World.  
Any comparison of earthquakes in the Third World with those in the developed world 
immediately reveals the critical influence of vulnerability and exposure in determining risk.  
after Bommer, 2001a  

It could be stated very simply that the 
objective of earthquake engineering is to 
reduce seismic risk. Since generally 
hazard and exposure can’t be reduced (iitt’’ss  
not possible to avoid the occurrence of the 
earthquakes or eliminate the presence of the 
man), the only way in which engineers can 
bring about a reduction in risk is to reduce 
the vulnerability of buildings and lifelines.  

 
after Coburn & Spence, 
1992  
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Seismic Risk Reduction Policies 

 
From this point onwards, the course is entirely focused on the seismic hazard 
assessment (SHA) in terms of strong ground-motion. The SHA must always be viewed 
as an integral part of the assessment of seismic risk, otherwise SHA is nothing more 
than an interesting academic amusement. Consider the following examples: 

• Defining the earthquake loads to be considered in the earthquake-resistant design of 
standard occupancy structures according to a code of practice. 

• Assessing the seismic safety of a nuclear power plant. 
• Formulating an emergency response plan for a large city in the event of a major 

earthquake. 
• Assessing the capacity of a hospital to continue to operate and provide medical 

attention following a major earthquake in the city where it is located. 
• Designing a retrofit scheme for a national monument in an earthquake area. 

 

 
 

There is no one single approach suitable 
for application in all of these situations, 
indeed the SHAs in each case may differ 
significantly in the way they are carried out. 

In each engineering project, the actual 
approach adopted should be determined 
according to the tectonic setting and the level 
of seismicity, the nature and cost of the 
project, the consequences of failure under 
seismic shaking, the conditions of the owner, 
the requirements of the law and the 
perceptions of the public.  
 
after Bommer, 2001a  
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Deterministic Seismic Hazard Assessment (DSHA)  

 
A simple example of a deterministic statement of hazard could be: the earthquake hazard at 
site X is a PGA of 0.5 g resulting from the occurrence of a M=6.5 earthquake on fault Y at a 
distance of 10 km. 
 

after Reiter, 1990 and Kramer, 1996. 

 

 
When applied to structures for which failure could have catastrophic consequences, such as 
nuclear power plants and large dams, DSHA provides a straightforward framework for 
evaluation of worst-case (?) ground motions. 

Similar to the analysis of other natural hazards, 
SHA consists of two parts: 

• Characterizing the sources of hazard (size 
and spatial location of earthquakes) 

• Characterizing the effect these sources would 
have at a particular location (earthquake 
ground motion) 

The 2 fundamental types of analysis are 
probabilistic and deterministic.  
In the early years of earthquake engineering 
the use of Deterministic Seismic Hazard 
Analysis (DSHA) was prevalent. A DSHA 
involves the development of a particular 
seismic scenario upon which a ground 
motion hazard evaluation is based. 

 The basic steps of deterministic seismic hazard 
assessment (Reiter, 1990).  

 

The basic steps of deterministic seismic hazard 
assessment (Kramer, 1996)  

1. Identification and characterization of 
all earthquake sources capable of 
producing significant ground motion at the 
site. Source characterization includes 
definition of each source’s geometry and 
earthquake potential. Source may range 
from clearly understood faults, to less well 
defined geological structures, to 
hypothetical seismotectonic provinces or 
zones. 

2. Selection of a source-to-site distance 
parameter for each source zone. In most 
DSHAs the shortest distance between 
the source and the site is selected. 

3. Selection of the controlling earthquake, 
i.e. the earthquake that is expecting to 
produce the strongest level of shaking, 
generally described in terms of magnitude 
and distance from the site 

4. The hazard at the site is usually defined in terms of the ground motion produced by the 
controlling earthquake. The ground motion is usually estimated using attenuation 
relations (PGA, PGV, PSA median or 84% values), but is sometimes estimated using 
seismological simulations of the ground motion. 
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However it provides no information on the likelihood of the controlling earthquake, the 
level of shaking expected during a finite period of time (structure lifetime), or the 
effects of uncertainties. 
Over the years there have been many terms used to describe earthquake potential: 
Maximum Credible Earthquake (MCE), Design Basis Earthquake (DBE), Safe Shutdown 
Earthquake (SSE), Maximum Probable Earthquake (MPE), and Operating Basis 
Earthquake (OBE). The MCE, for example, is defined as the maximum earthquake  that 
appears capable of occurring under the known tectonic framework. The DBE and SSE are 
usually defined essentially in the same way. MPE has been defined as the maximum 
historical earthquake, etc.  
However there are many who argue for this terminology to be abandoned and the EERI 
Committee on Seismic Risk stated that terms such as MCE and MPE  “are misleading and 
their use is discouraged”. 
The criticism most commonly levelled at DSHA is that it provides an estimate of 
ground motion without assessing the level of conservatism. For critical structures it is 
perhaps unimportant how conservative the resulting ground motions are, since the important 
point is to design against the most severe ground motion that can reasonably be expected to 
occur at the site.  
However, it is precisely on this point that one of the main weaknesses in current approaches 
to DSHA is encountered. If the ground motion amplitudes are calculated as the median (50-
percentile) values from the attenuation equations, although the design earthquake, in terms  
of magnitude and location, may be a worst-case scenario, the resulting ground motions  
represent the average expected levels for such an event.  
Others have proposed using the mean-plus-one-standard-deviation level of motion, but in 
probabilistic terms this is the 84-percentile level, which although more severe is still not 
a worst-case scenario.  
 
after Kramer, 1996 and Bommer, 2001a 

 
 

Probabilistic Seismic Hazard Assessment (PSHA) 

In the past 20 t0 30 years the use of probabilistic concepts has allowed uncertainties in the 
size, location and rate of occurrence of earthquakes and in the variation of ground motion 
characteristics to be explicitly considered in the evaluation of seismic hazards. Probabilistic 
Seismic Hazard Assessment (PSHA)  provides a framework in which these 
uncertainties can be identified, quantified and combined in a rational manner. 
Hazard descriptions are not restricted to scenario-like statements; they incorporates the 
effects of all earthquakes capable of affecting the site in question. Competing models and 
their uncertainties can be taken into account and the probability of different magnitude (or 
intensity) earthquakes occurring, is included in the analysis. 
An advantage of PSHA is that it results in an estimate of the likelihood of earthquake ground 
motion. This allows the incorporation of PSHA into seismic risk estimates and the 
quantitative comparison of different options in making decisions. 
The basic procedure of PSHA was first defined by Cornell (1968) and although numerous 
modifications have been made to the process, the basic elements of the calculations remain 
unchanged.  
The Cornell method is based on three specific assumptions: 

• earthquake recurrence times follow a Poisson process (events are independent and 
stationary in time) 

• event magnitude is exponentially distributed (log(N) = a -bM) 
• seismicity is uniformly distributed inside each seismogenic zone 
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To develop a PSHA we need: seismic source zones, earthquake catalogues 
(historical and/or instrumental), attenuation relationships. 

after Reiter, 1990 and Kramer, 1996 

 
 

The basic steps of the Cornell 
methodology are analogous to those of 
DSHA with some major differences: 

1. Similar to DSHA except that the 
sources are explicitly defined as being 
of uniform earthquake potential, that 
is, the earthquakes have an equal 
probability of occurring at any point 
within the seismic source zone. 

2. Different from DSHA; instead of 
picking  a single controlling 
earthquake, each source is 
characterized by an earthquake 
probability distribution or recurrence 
relationship, which specifies the 
average rate at which a given size 
earthquake will be exceeded. 

3. Similar to DSHA except that 
uncertainty inherent in the 
attenuation relation is included in 
PSHA. 

4. Different uncertainties are combined 
to obtain the probability that the 
ground motion parameter will be 
exceeded during a particular time 
period. 

 

(earthquake catalogue) 

Basic steps of probabilistic seismic 
hazard assessment (Reiter, 1990).  



Corso di Sismologia  8 – Pericolosità sismica 

F. Sabetta 8.8 

Seismic source zones 

 
 

The most encouraging lesson that 
can be provided for a student of 
engineering seismology is proof 
that even renowned experts in the 
field will rarely agree on the limits of 
appropriate source zones: there 
will generally be as many 
answers as there are scientists 
working on the problem. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

The first step is to define seismic source zones. 
These are regions defined by polygons within which 
it is assumed that seismicity is uniform in terms of 
the type and distribution of earthquakes.  
The criteria for determining the boundaries of the 
seismic zones include the distribution of 
instrumental and historical seismicity, the 
tectonic configuration and the location of known 
active faults.  
It is almost impossible to prescribe a standard 
procedure for the definition of seismic source zones, 
since the process involves a high degree of 
subjective judgement.  
 
 

 

Seismic source zones defined by different 
groups of researchers for the Sannio-Matese 
region of southern Italy (Barbano et al., 1989).  

Example of seismic source zones adopted for Switzerland by 
different experts groups in the frame of PEGASOS project 
(Coppersmith, 2004). 
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Seismogenic source model of Europe (EHSM13-EHSM20) 

 
 
 

 
http://efehrcms.ethz.ch/en/home/ 
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Seismogenic source model of Italy  
 

 
 
 

Faults and zones 

 
 

2- ZS9- 2004 
(Stucchi et al., 2004) 

http://zonesismiche.mi.ingv.it/ 

It represent an updating of the 
previous (ZS4) zoning, based 
on the most recent knowledge 
of active tectonics. 
The number of zones is 
reduced at 35 
 
It’s the seismogenic zoning 
used for the implementation 
of the seismic hazard map of 
Italy (MPS04) adopted in the 
Italian seismic building code 
(NTC08) 
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http://efehrcms.ethz.ch/en/Documentation/specific-hazard-models/europe/eshm2020-
overview/eshm20-active-faults-and-subduction-sources/ 
 

 
 
 
 
 
 

https://diss.ingv.it/diss330/dissmap.html 
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Earthquake catalogues 

 
It is often tempting to obtain an earthquake catalogue for the region of interest and then to 
proceed directly to the hazard calculations, but it is always necessary to first assess the 
reliability of the data in the catalogue. Agencies such as those listed above are producing 
routine earthquake locations that may easily carry an error of 5-10 km in the epicentral 
location and more in the focal depth. 
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https://emidius.mi.ingv.it/CPTI15-DBMI15 
 
 
 

 
https://storing.ingv.it/cfti/cfti5/# 
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Magnitude-Intensity correlation 
 

 
 
 
 
 

y = 0,5456x + 1,0618

R
2
 = 0,6161

3

3,5

4

4,5

5

5,5

6

6,5

7

7,5

8

5 6 7 8 9 10 11

epicentral intensity Io (MCS)

M
s

Camassi & Stucchi (1996)

M = 0.562 I + 1.084

Empirical regression Ms-Io derived from the NT4.1 catalogue. Data are 

relative to 274 events, with I  VI and shallow focal depth (10-30 km), for 
which both intensity and Ms are available. 

The majority of the ground motion 
predictive models used in seismic 
hazard assessment, require the 
earthquake magnitude as input 
parameter. 
Empirical regressions between 
magnitude and epicentral 
intensity can be performed, giving 
rise to the so called Macroseismic 
Magnitude (Mm) 
These correlations are strongly 
dependent on the scales adopted, 
on earthquake focal depth, and on 
the country where the data are 
taken from. 
The uncertainty in in these 
correlations should be taken into 
account in the more sophisticated 
SHA. 
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De-clustering, stationarity and completeness 

In order to satisfy the hypothesis of independence of events that is at the basis of the Cornell 
method (Poisson process) the foreshocks and aftershocks preceding and following the 
main large earthquake should be removed from the catalogue (space and time de-
clustering). 
 
For example, in case of CPTI11 catalogue, de-clustering has been performed filtering the 
catalogue, around each main event, with a space-time window of 30 km and ± 90 days.  
 
De-clustering, however, is often not a straightforward matter because it is common for 
earthquakes to occur in series, such as the 2016 Amatrice earthquakes in Italy, where none 
of the events is clearly identifiable as a main shock, although the events are evidently not 
independent.  
 
In a study of the Electric Power Research Institute (EPRI 1986), earthquakes that clustered 
were defined by comparing them against the more random behaviour of background 
seismicity in the vicinity. As a result of the analysis 24% of the earthquakes (M<4.5) were 
eliminated because they were found to be dependent. The inclusion of these events in the 
SHA of north-eastern U.S. resulted only in a 10% increase in the probability of exceeding 
given ground motion values. 
 
 

Catalogue completeness 

 
 

Stationarity and completeness 
The effect of the completeness time interval Tc on the final results of SHA is strongly 
dependent on the particular time-distribution of earthquakes for the considered seism. zone. 
The effect is often mitigated by the fact that varying Tc, generally changes also the number 
of events falling in that period. Consider, for example that your “1000 years” catalogue, for a 

Due to the lack of complete 
documentation, the probability of “lost” 
earthquakes increases as one goes back 
in time making the catalogue 
progressively less representative of  
actual seismicity.  

An earthquake catalogue is defined 
“complete” if all the earthquakes 
happened during the time period covered 
are effectively reported in the  catalogue. 

For instrumental data detection 
capability is the determining factor. For 
historical data, evolution in time of 
socio-cultural environment, population 
density, and record keeping are the key 
factors. 

The most common method for estimating 
completeness period (Tc) has been 
proposed by Stepp (1972) and consists of 
making plots of the cumulative number of 
events against time, from which, the 
period since present during which 
reporting has been complete, can be 
judgmentally estimated. Estimation of 
Tc is often difficult and involves a high 
degree of subjective judgment. 0
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given source zone, reports 2 events with intensity IX y in years 1350 and 1880. If you 
assume, for that intensity, the whole catalogue duration as completeness period, the 
resulting occurrence rate will be of 0.002 earthquakes per year. If you assume that I=IX 
completeness starts in 1600, the resulting occurrence rate will be of 0.0025 earthquakes per 
year. 
 
Several authors have proposed different statistical methodologies for the evaluation of 
completeness time intervals (Stepp, 1972; Bath, 1983; Tinti & Mulargia, 1985; Mulargia et al., 
1987).  
The decrease in seismicity rate that is normally observed in the catalogues going back 
with time is due to incompleteness or to the effective non-stationarity of the 
earthquake generating process? 
Any statistical approach based exclusively on catalogue data is in some way a “vicious circle” 
because you are using an incomplete data base to evaluate its incompleteness. The 
only way to get out of this, would be to use independent historical information, based on 
the knowledge of the variation during historical time of the availability of historical sources, 
that is rarely accessible.  
Normally to overcome the problem an “a priori” assumption on the stationary 
characteristics of the seismicity (allowed by the de-clustering) is made, so that the 
incompleteness is attributed to the deviation of the seismicity reported in the catalogue from 
the “assumed” theoretical stationary model. In this way the completeness test is 
transformed in a stationarity test. 
 

Gutenberg - Richter relationship 

The events extracted from the catalogue, for each source zone, are arranged in ascending 
order of Magnitude/Intensity and summed to determine the cumulative frequency N, which 
is the number of earthquakes of magnitude m or greater per year. N is found by 
summing the cumulative number of events from the largest magnitude downwards, and 
then dividing by completeness period selected for each M/I range.  
Gutenberg & Richter (1956) found that there is a logarithmic relationship between the 
cumulative frequency and the magnitude, known as recurrence relationship or Gutenberg 
-Richter (G-R) relationship :  
 
log (N) = a - b·m.  
 

 
 
 
 

 
The reciprocal of m is commonly referred to as return period Tr, which is simply the mean time 

interval between occurrences of events  m. 
A basic assumption of PSHA is that the recurrence relation obtained from past seismicity is 
appropriate for the prediction of future seismicity. 

 

N is generally indicated as mean annual rate of exceedance m. 

mbam −=log
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Seismicity rates as a function of the completeness period for the Italian source zone N°4 (Friuli). Dashed line 
represents Gutenberg-Richter interpolation Log(N) = a - bM 

Anno Mese Giorno Località Ms
1472 5 14 FRIULI 50

1514 7 12 GEMONA 50

1523 6 27 GEMONA 50

1692 5 M.VALCALDA 50

1853 2 19 MOGGIO UDINESE 50

1889 10 13 TOLMEZZO 50

1892 6 23 CLAUT 50

1908 7 10 CARNIA 50

1965 8 19 FAGAGNA 50

1455 2 3 SPILIMBERGO 52

1794 6 7 TRAMONTI 52

1812 10 25 SEQUALS 52

1931 12 25 TARCENTO 52

1920 5 5 CARNIA 53

1924 12 12 CARNIA 54

1977 9 16 TRASAGHIS 54

1389 8 20 MOGGIO UDINESE 55

1928 3 27 CARNIA 56

1690 12 4 KAERNTEN 59

1700 7 28 RAVEO 59

1776 7 10 TRAMONTI 59

1788 10 20 TOLMEZZO 59

1976 9 15 FRIULI 59

1511 3 26 GEMONA 62

1348 1 25 CARNIA 63

1976 5 6 FRIULI 65

from Slejko et al., 1998 

The standard G-R recurrence relationship may also be expressed as: 
mbma

m e
−− == 10

where =2.303·a and =2.303·b.  It follows that earthquake magnitudes are exponentially 
distributed and the corresponding C.D.F. and P.D.F are  

  m

M emMPmF
−−== 1)(

m

MM emF
dm

d
mf −== )()(
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Lower and upper bound magnitudes 
The standard Gutenberg-Richter relation covers in theory an infinite range of magnitudes 

from 0 to  but is generally used between a lower and upper bound. The lower bound or 
minimum magnitude mo represents that level of earthquake size below which there is 
no engineering interest (earthquakes not capable of causing significant damage) or 
insufficient data. 
 

 
 
PSHA allows for the consideration of events that are usually dismissed in DSHA as being 
highly unlikely.  

 

For those faults for which paleoseismological studies have identified a characteristic 
earthquake, the value of mmax is known with some confidence. In other cases, the value 
of mmax is estimated by identifying the length of faults and then using empirical relationships 
to estimate the magnitude that would be associated with rupture along the entire length 
considered. 

The largest historical earthquake is almost always the lower limit for mmax. In practice, 

mmax is usually defined by adding an increment m to the largest known magnitude in 

the source. The value of m should reflect the length and completeness of the earthquake 
catalogue, the more reliable the seismic record being, the smaller its value.  

 

Increment of mmax has an influence only for return periods greater than 1000 years 

 
 

The upper bound magnitude mmax is the upper limit of 
earthquakes  of all sizes that will enter into the analysis for 
each source; its function is to truncate the recurrence 
relationship at the limit of the seismogenic potential of 
the seismic source.  

 

The recurrence relationship is effectively an extrapolation 
of observations of smaller earthquakes to predict the 
frequency of larger earthquakes; if it is not truncated at 
mmax, then it can predict physically impossible earthquakes.  
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Truncated Gutenberg-Richter relation (TGR) 

 
 
 
 

Attenuation relationships 

In carrying out a PSHA most discussion centers about source zonation and mmax. 
More often than not they play a lesser role with respect to attenuation relationships. 
Unfortunately the integrative nature of PSHA is such that only after one examines the results 
and carries out sensitivity studies, the effect of different ground motion models can be 
assessed. 
As we have seen in a previous lesson, the attenuation relationships are characterized by a 
scatter in the data resulting from randomness in the mechanism of rupture and from 
variability and heterogeneity of the source, travel path, and site conditions.  
This considerable random uncertainty must be accounted for in PSHA. Scatter in the data 
is usually quantified by the standard deviation s of the attenuation relation.  
The probability that a particular ground motion parameter Y exceeds a certain value y* for an 
earthquake of magnitude m and distance r is given by: 
 

 
after Kramer, 1996  and Reiter, 1990 
 

Seismicity rates and  Gutenberg-
Richter interpolation for the Italian 
source zone N° 63 (Irpinia).  

Ms N ° 

earthqk

Compl. 

Period

Time 

interval

fs   

(N/year) 

fc 

cumulated

log (fc) 

4.0 1 1860 132 0.0076 0.2308 -0.637

4.3 19 1860 132 0.1439 0.2232 -0.651

4.6 7 1780 212 0.0330 0.0793 -1.101

4.9 5 1780 212 0.0236 0.0462 -1.335

5.2 1 1760 232 0.0043 0.0227 -1.645

5.5 2 1760 232 0.0086 0.0183 -1.737

5.8 1 1610 382 0.0026 0.0097 -2.012

6.1 1 1610 382 0.0026 0.0071 -2.149

6.4 1 1100 892 0.0011 0.0045 -2.348

6.7 0 1100 892 0.0000 0.0034 -2.473

7.0 3 1100 892 0.0034 0.0034 -2.473

The introduction of m0 and mmax leads 
to the so called truncated Gutenberg 
-Richter relation (TGR) 

 







−−
=

max

max000

mm if0

mmm if)mm(exp
)m(

If plotted in semi-log scale this 
model is a straight line truncated at 

m=mmax. 0 is the magnitude 
exceedance rate for m=m0  

ZN63

y = -0.6729x + 2.0137

R
2
 = 0.9662
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In general ground motion parameters are 
assumed to be log-normally distributed.  

It has to be pointed out that the unbounded 
characteristics of that distribution can 
attribute a nonzero probability to 
unrealistic values of the ground motion 
parameter. 

  *)y(F1r,m*yYP y−=

Where FY(y) is the value of CDF of Y at m and 
r. The value of FY(y) depends on the 
probability distribution used to represent Y. 
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Standard deviation 

 
 

 
 
 
 

It is obvious from this figure that the 
effect of including the standard 
deviation, increases as the probability of 
exceedance decreases.  

At high ground motion levels the hazard, 
without  uncertainty,  may be dominated 
by the likely, high ground motion from 
the occurrence of unlikely but large 
and/or nearby earthquakes. 

When uncertainty is included the effect 
of low likelihood high ground motion 
from high likelihood smaller and/or more 
distant  earthquakes may be also taken 
into account. The relative contribution of 
these events can become more 
important. 

Apparently, the larger the random 
uncertainty, the lower the impact of mmax 

Hazard estimates for San Francisco 
using three different ground-motion 
models with and without random 
uncertainty σ.  
(after Reiter, 1990) 

Hazard curves (PGA) for an Italian site 
calculated using only the median value of 
the selected ground motion relations 
(Sabetta et al. 2004) 

Hazard curves calculated including 
the standard deviation of each model 
(Sabetta et al. 2004) 
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Time between events and Poisson process 

The final ingredient required as input for a PSHA is the probabilistic distribution of the 
earthquake occurrence with respect to time. The temporal occurrence of earthquakes is 
most commonly described by a Poisson process. A Poisson process has the 
characteristics of being stationary in time (the probability of a favourable event is the same 
in all trials) and that the number of occurrence in one time interval are independent from the 
number in any other time interval.  

These properties indicate that the events of a Poisson process occur randomly, with no 
memory of the time, size, or location of any preceding event (memory-less process). This is 
clearly not compatible with the processes of plate tectonics and elastic rebound that generate 
earthquakes.  

Nonetheless, the assumption of a Poisson process is acceptable when the hazard is being 
evaluated for any period of exposure, regardless of the time of occurrence of the last 
earthquake, and in case of multiple sources of earthquakes. 

 

The time between events in a Poisson process is exponentially distributed. In case of 
PSHA, a trial is a period of time, usually a year, for which the project is being exposed, and 
the number of trials will generally be its design life, t.  A favourable event in a given trial is 
an earthquake of magnitude m or greater and the frequency of occurrence is the mean 
annual rate of exceedance lm as defined previously. Therefore, the probability, P(N=n), of 
n earthquakes of magnitude m or greater during a design life t is given by:   

 

 

 

The concern in seismic hazard assessment is the probability of at least one earthquake 
occurring during the exposure time t. This is known as the probability of exceedance 

P[N1] and is equal to the difference between unity and the probability of no earthquakes  

occurring:  
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Return period 
 

 

0.1 = 1- e- 50/475 

0.63 = 1- e-1 

when Tr>>t   P[N1]  t/ Tr
 

As a result of there being no preferred 
occurrence in any particular year, the 
return period, Tr  is the reciprocal of the 

mean annual rate of exceedance m and 
simply represents the mean interval 
between occurrences of events of m or 
greater and does not imply that 
earthquakes will occur every Tr years, nor 
that, during a period of time Tr, an 
earthquake will definitely occur.  

  rm Ttt

mr eeNPT
// −−

−=−=→= 1111

It is easy to deduce from where the 
rather strange number of 475 years, 
encountered in many hazard studies 
and many design codes, is obtained: it 
corresponds to a probability of 
exceedance of 10% during an 
exposure time (period of interest) of 
50 years.  

after Reiter, 1990 

 )ln(/ 11 −−= NPtTr


