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A number of researchers worked on this topic, including the following recent 
studies. Ambraseys & Srbulov [ l ]  studied the empirical predictive relations that 
allow an estimation of co-seismic sliding of slopes from the size of energy 
released by an earthquake in terms of its magnitude (Ms), its distance from a site 
(r), and from the critical acceleration ratio q=Kc/Kmv. The authors used the 
sliding block method to calculate permanent displacements. The same authors 
[2] described a method for estimation of post-seismic sliding for translational 
slides. 

Tibaldi et al. [3] examined landslides triggered by earthquakes and their 
relations with faults and slope geometry. Landslide distribution shows a 
correlation with respect to the dip-direction of the faults and the orientation of 
mountain slopes. Hirotaka et al. [4] examined the landslides induced by the 
Kobe earthquake in Rokko Mountain. In this case the area of the landslide limit 
was low in relation to historical worldwide earthquakes of this magnitude, 
probably as a result of the shallow source of the main shock. The reasons for the 
low number of landslides were the fairly good bedrock, the dry antecedent 
condition in winter and the existence of forest cover. 

Srbulov [5] estimated sliding of slopes during earthquakes using Monte 
Carlo simulation based on a semi-empirical attenuation relation and using 
adopted probability density functions of the parameters in the relation. 
According to the authors Monte Carlo simulation should be considered for 
estimations only. 

Mankelow & Murphy [6] attempted a landslide hazard zoning using GIs in a 
probabilistic approach in the assessment of earthquake-triggered landslide 
hazard. 

Luzi & Pergalani [7], basing their studies on the case of the Umbria-Marche 
earthquake (26 September 1997), tested the prediction accuracy of empirical 
equations to calculate landslide displacement. Accelerometric records from the 
permanent and mobile seismic network of the Seismic Survey of Italy were 
processed and interpolated in order to obtain strong motion parameters at each 
terrain unit and possible displacements. The results were compared to verify the 
prediction, given the real landslide occurrences. The method based on 
Destructiveness Potential was, according to the authors, the most accurate. 

Murphy et al. [8] considered three cases of landslides triggered by 
earthquakes and studied the natural variability of the slope-forming materials 
and the uncertainties surrounding input ground motions. The results of the 
analyses show a large scatter into calculated factors of safety for earthquake 
conditions. The models used in the calculation of seismic slope stability yield 
acceptable results. 

This study describes an assessment of seismically-triggered landslides in the 
uea  of Achaia (western Corinthian gulf) using GIs based on the Newmark 
method [9]. 
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around the city of Patras. As shown in Figure 1, there is a concentration of 
seismicity along the line Lake Trichonis - Gulf of Corinth and there is less 
seismicity in the immediate vicinity of the city of Patras. The Gulf of Patras 
corresponds to a seismic gap where according to Hatzfeld et al. [lo] there is no 
observed seismicity at all, even for small magnitude events (microearthquakes). 
The focal depths of the earthquakes with epicenters around the Gulf of Patras are 
in the range 5-20 km. 

Figure 1: Distribution of earthquake epicenters with 
magnitude greater than 4.5 Ms for the period 
1900-today. 

The wider area of Patras is the westernmost part of an asymmetric graben 
system striking WNW-ESE, which characterizes the tectonic regime of Central 
Greece. This system has an age of 3 my and consists of the Saronic Gulf - Gulf 
of Corinth - Gulf of Patras and Trichonis lake. These grabens were formed under 
an extensional regime which has been dominant until today in the central Greece 

,area, with strike direction N-S and with a rate of 1.5 c d y .  
Micro-earthquake and tectonic studies in the area of the Achaia and western 

Greece, showed that the Saronic-Corinth-Trichonis system links to Patras 
through an asymmetric graben (Rio-Antrrio) which shows complicated rupture 
characteristics, that is, extensional (normal) and dextral horizontal (strike-slip) 
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(Vassilakis [ l  11). Amijo et al. [12] suggested that this small graben is the link 
between Patras and the gulf of Corinth which, according to the spatial 
distribution of micro-earthquakes in the narrow area from the western Corinth 
Gulf up to Trichonis to the East, links to Trichonis lake. 

An important observation shows that the gulf of Patras is a shallow graben 
where there is no seismicity of any range of magnitude. On the other hand, the 
eastern side of the Patras gulf and the area south of Patras city where the link of 
the Rio-Antirrio system, historical earthquakes of maximum magnitude 6.7 Ms, 
as well as seismic records (recorded events) with magnitude 5.5 Ms, have been 
observed (Tselentis & Makropoulos [13]). 

It is also important to note that high seismic activity with small magnitude 
events has been observed in the Rio-Antirrio area where the graben links to the 
Corinth-Trichonis system. A maximum magnitude of 6.7 Ms, has also been 
observed in the recorded incidents and in the historical catalogues. 

In this study a database was created containing all the registered mapped 
neotectonic faults in the Achaia area, and the maximum expected earthquake 
magnitude was estimated for each of the registered faults. For the wider area of 
Patras, the maximum expected earthquake magnitude is not more than 5.9 Ms, 
while it is important to note that there was a historical event of 6.7 Ms in the 
same area. 

3 Data collection and database construction 
I 

Seismically triggered landslides can represent a significant risk to people living 
in earthquake-prone regions. The use of GIs with relevant geophysical data and 
methods can go some way to predicting and zoning areas according to the risk of 

4 
1 landslide occurrence. Such maps can be used by the disaster-prevention 

community to guide disaster preparedness procedures as well as in making 
planning decisions to avoid new developments in those regions deemed to be at 
highest risk from landslides. 

1 

3.1 Analysis method 

As part of an EC-funded study of the use of InSAR for seismic risk in Greece, 
the seismically-triggered landslide risk of an area around Patras was examined. 

An implementation of the simplified Newmark method by Jibson et al. [14] 
was used to model seismically-triggered landslide risk. The landslide is modeled 
as a solid block sliding on an inclined plane. The block begins sliding when the 
forces exerted on it by the earthquake shaking exceed its critical acceleration 
threshold (a,). The critical acceleration threshold of a potential landslide block is 
a fudtion of the static factor of safety (Figure 2) and slope angle (Figure 3). 

The acceleration time-history of an earthquake is normally used to calculate 
the displacement of the block. Accelerations above the critical threshold cause 
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the black to move while those below the threshold have no effect upon it. The 
critical acceleration of a block (in terms of the Earth's gravity g) is given by: 

a< = (FS - l)g sin a (1) 

where FS is the static factor of safety and a is the slope angle. The slope angle 
data were generated from a three-arc second resolution DEM of the region. 

Figure 2: Static factor of safety. 

3.2 Static factor of safety 

The static factor of safety (FS) is an expression of the balance between resisting 
and driving forces acting upon the block (Jibson et al. [14]) and can be given by: 
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between predicted Newmark displacement (D,), Arias Intensity (measure of 
ground motion) (I,) and critical acceleration a,: 

The data available for the Patras region lacked only earthquake strong motion 
records and groundwater depth data of sufficient density. This necessitated some 
modification of the above equations. Primarily, since sufficient groundwater data 
were not available, the proportion of the slab saturated was set to zero so that the 
third factor was removed from equation 2. 

Figure 4: Tree coverage derived from classifying Landsat 
ETM data. 

The second change that had to be made was to use an alternative source of 
earthquake ground intensity information to derive the Arias intensity. This 
method, proposed by McCalpin [15], utilized an equation presented by Wilson & 
Keefer [18] (cited in Jibson [15]) relating PGA with Arias Intensity (I,): 
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earthquake risk areas. It would, however, be worthwhile to conduct further 
Newmark displacement analyses of the region, particularly by using 
groundwater depth information and actual earthquake strong motion records for 
the derivation of the Arias Intensity. 

Figure 6: Areas of high seismically-triggered for landslide risk 
(black pixels). The circles represent landslides 
triggered by recent earthquakes, while the square 
symbols represent landslides due to other causes. 
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