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Introduction: Greece ranks first in Europe concerning seismicity and seismic hazard. In Greece, the most probable annual maximum earthquake magnitude is Mw=6.0 (Makropoulos et al. 2012). According to Emergency 
Events Database (EM-DAT) 2015 Greece is the second country in Europe regarding the number of disastrous earthquake occurrence, with 31 events during 1900-2015, while Italy is the first with 32 events. Furthermore, 
the number of people injured, affected (i.e. requiring immediate assistance during the emergency period) or left homeless, during the same period, after an earthquake in Greece is 960,398 (3rd ranking after the former 
Soviet Union and Italy). Concerning the economic loss caused by disastrous events, Greece holds the third position among all European countries, suffering loss of more than 7 B $ since 1900. According to the most 
recent report for insurance costs due to natural disasters and riots (Hellenic Association of Insurance Companies of Greece 2019), the required reimbursement cost from earthquakes for the period 1991-2018 is 133.5 
Million Euros (M €), while that from rainfalls is 128.6 Μ €, from riots 48.5 M €, from forest and wildland fires 45.8 M € and from snowfalls only 2.4 M €. It is obvious that in Greece earthquakes is the natural disaster with the 
highest impact in life, health, society and economy. Real-time algorithms and systems for depicting ground shaking, such as the USGS ShakeMaps (Wald et al. 2005) and PAGER (Wald et al. 2010) are important tools for 
increasing the resilience of societies as well as for mitigating the impacts and risk of earthquakes.  
The Seismological Laboratory of the National and Kapodistrian University of Athens (SL-NKUA, http://www.geophysics.geol.uoa.gr/) monitors on real-time basis on the seismicity in Greece, based on the recordings of the 
Hellenic Unified Seismological Network (HUSN). In addition, SL-NKUA, besides applying the ShakeMaps algorithm (Wald et al. 2005) has developed its own application for ground shaking maps the Real-time Shaking 
Maps (Sakkas et al. 2018), publicly available in the website: http://macroseismology.geol.uoa.gr/realtime/, since 2015 in the framework of the Greco-Risks research project (Kouskouna et al. 2014). EPPO-ITSAK 
(Earthquake Planning and Protection Organization – Institute of Engineering Seismology and Earthquake Engineering) hosts a near real-time system for automatic ShakeMaps and shaking intensity for significant 
earthquakes, based on the USGS ShakeMaps algorithm (Wald et al. 2005). The present study discusses the updated version of SL-NKUA Real-time Shaking Maps (Sakkas et al. 2018) that is developed under the 
framework of the HELPOS research project.  

Methodology: Ground shaking maps (PGA) are based on the results of GMPEs for Greece. For shallow earthquakes (h≤30km) with magnitudes M≥4.5, five GMPEs obtained for Greece are incorporated. These are the 
ones proposed by Skarlatoudis et al. (2003), Danciu and Tselentis (2007), Segou and Voulgaris (2013), Sakkas (2016) and Chousianitis et al. (2018). All GMPEs consider earthquake moment magnitude, hypocentral 
depth, epicentral distance, soil type and focal mechanism type. For earthquakes with magnitude 4≤M<4.5, the relation of Sakkas (2016) is only used in the application. For interface and slab earthquakes with hypocentral 
depths h>30km the GMPEs of Skarlatoudis et al. (2013) are adopted, taking also into account the distinction between fore-arc and back-arc stations. A comparison of GMPEs for shallow earthquakes and in-slab events is 
presented in Figures 1 and 2, respectively. The geographical limits of the interface and in-slab earthquakes areas are derived from Kkallas et al. (2018). For earthquakes with hypocentral depths 30<h<60 km that may 
occur in central and northern Greece only the GMPE proposed by Chousianitis et al. (2018) is used. This selection practically covers the entire area of Greece for earthquake magnitudes M≥4.0 and all focal depths. Peak 
Ground Rotations (PGR, torsion and rocking) are calculated according to the relations of Sakkas (2016) and Sakkas et al. (2018). The Geotechnical map of Greece (Koukis et al. 1993; scale 1:500,000) was used as a 
basis for the soil type classification. The reclassification scheme includes three categories, rock, stiff soil and soft soil, presented in Figure 3. Fault mechanism type is calculated in real-time according to epicentral 
coordinates and hypocentral depth based on Papazachos et al. (1988) for shallow seismicity and Benetatos et al. (2004) and Giardini et al. (2013) for intermediate depth earthquakes (Figure 4). 

System and algorithm description: The algorithm is in Matlab programming language and employs the internet, RSS feeds, XML DOM elements, HTML and Matlab mathematical, scripting and plotting 
capabilities. It reads the RSS feed of the SL-NKUA, from where it retrieves the necessary information for calculating PGA and PGR maps. The system works 24/7 and produces ground shaking maps for 
earthquakes with M≥4.0. Smaller magnitude earthquakes are recorded only as information (no map creation) for statistical purposes. The system is currently designed to also monitor the improvements of 
the automatic locations and uses as basemap the Google maps interface. The flow chart of the entire procedure is presented in Figure 5. In our effort for continuous evolution of the NKUA Real-time Shaking 
maps, depicting Peak Ground Acceleration (PGA) and Peak Ground Rotations (PGR, torsion and rocking) an improved version is presented here. The new version is activated on earthquakes with M≥4.0, 
allowing the embedment of more than one GMPE, depending on earthquake magnitude and hypocentral depth. 

Discussion: The need for reliable information immediately after an earthquake to practitioners and stakeholders, such as civil 
protection officers, first responders, municipalities and infrastructures is more and more necessary and demanding. Real-time 
systems provide the means for an improved management of natural disasters and reduce the potential impacts and losses, 
especially for human lives. The future goals are denser grids for soil layer, the integration, of real-time measurements from 
seismometers, accelerometers and macroseismic intensity maps to estimate the expected damage grade of buildings and the 
population exposure related to each event. Finally, the application of Python programming language with GIS capabilities is also 
under investigation for the improvement of the system. 
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Figure 6: PGA and PGR distribution for the 5.2 Galaxeidi earthquake of 30 March 2019 (magnitude, focal depth and epicentral coordinates are derived form the automatic calculations of SL-
NKUA. Top row (from left to right, only PGA): GMPEs of Sakkas (2016), Skarlatoudis et al. (2003), Danciu and Tselentis (2007), Segou and Voulgaris (2013). Bottom row (from left to right): GMPE 
for PGA of Chousianitis et al. (2018), GMPE for PGR-Rocking (Sakkas 2016), GMPE for PGR-Torsion (Sakkas 2016) and sample of the earthquake report in the website (http://
macroseismology.geol.uoa.gr/realtime/). In addition, the respective colorbar is also presented. For PGA, units are cm/s

2
 and for PGR units are mrad/s

2
. 

Figure 1: GMPEs for shallow 
earthquakes used in this study (Mw6.0, 
focal depth 10km, normal fault, rock 
soil type).  

Figure 2: GMPEs for intermediate depth 
earthquakes used in this study (Mw6.7, 
focal depth 66km, rock soil type). 

Figure 3: Soil type categories (rock, stiff,  
soft) used in the system based on the 
modification of the Geotechnical map of 
Greece (Koukis et al.,1993; scale1:500,000) 
according to Sakkas (2016). 

Figure 4: Left: Shallow Seismicity Faulting Zones according to 
Papazachos et al.(1988). Right: Intermediate depth seismicity 
faulting zones according to Benetatos et al. (2004) and SHARE 
(Giardini et al. 2013). 

 

Figure 5: The procedure of 
the presented algorithm.  

PGA: Skarlatoudis et al. (2003) PGA: Sakkas (2016) PGA: Danciu and Tselentis (2007) PGA: Segou and Voulgaris (2013) 

PGR: Torsion—Sakkas (2016) PGR: Rocking—Sakkas (2016) PGA: Chousianitis et al. (2018) 

Sample of the earthquake report 


