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Abstract 
Since 2008, the Istituto Nazionale di Geofisica e Vulcanologia (INGV) developed 

a temporary real-time seismic network infrastructure (Re.Mo.Tel.) to densify the I-

talian National Seismic Network in epicentral areas, thus improving the location of 

the aftershocks   after a mainshock.[Abruzzese et al. 2011]. 

The aim of this poster is to analyze the impact of the Re.Mo.Tel. on earthquakes 

detection and real-time monitoring of the sequence evolution, the location impro-

vement due to the deployment of stations closer to the epicentral area (with instal-

lations that followed the early evolution and complexity of fault fractures) and the 

network reliability in terms of data stored throughout the working period. 

 

L’Aquila earthquake  
The April, 6th, 2009 Mw 6.3 L'Aquila earthquake represented the first real-case 

where the entire Re.Mo.Tel. infrastructure has 

been deployed. Less than 6 hours after the earth-

quake occurrence, a first accelerometric station 

was streaming data to the INGV seismic moni-

toring headquarters. A total number of 9 seismic 

stations was installed within 4 days after the 

main event, with the aim of recording continu-

ous data to contribute in the aftershocks detec-

tion. In detail the first day a number of 3 stations 

was installed, surrounding the mainshock. Then 

the rest of the stations was deployed on the third 

and the fourth day to the south and the north, 

following the post-seismic evolution. 
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Figure 2 illustrate some of the stations in-

stalled during the sequence. 

Location and magnitude analysis 

Soon after the Mw 6.3 L’Aquila earthquake, the daily human revision of the aftershocks recorded 

by the Italian National Seismic Network, integrated in real time with the signals of the Portable Te-

lemetered Seismic Network (T0 Stations hereafter), allowed a rapid analysis of the evolution and ge-

ometry of the complex fault system reactivated by that seismic sequence [Di Luccio et al. 2010]. 

The Bollettino Sismico Italiano (http://ISIDe.rm.ingv.it/) reports 16416 events, localized after the 

installation of the first T0 stations  in the L’Aquila region, (in the time period starting from April 

6th, 2009, 17:50 UTC, to July 31st, 2010), in an area spanning 42.2°  to 42.6° of latitude North, and 

13.25° to 13.6° of longitude East. During those 16 months of operations the T0 stations, fully inclu-

ded in the real time analysis of the Italian National Seismic Network, contributed to the location of 

8836 earthquakes; 1521 of them wouldn’t have been localized without the signals of the T0 stations. 

 

In Figure 3 (left) we report the distance of the closest station (in 

km) as found in the location obtained using the T0 stations (x a-

xes), versus the distance of the closest station obtained locating the 

earthquakes without the T0 stations (y axes). The mean distance of 

the closest station was reduced from 7.9 to 6.7 km. Nevertheless 

the azimuthal gap was reduced by more than 10°, from 110.5° to 

100.4° (the median was reduced from 99° to 92°). The Figure 3 

(right) shows the azimuthal gap of the full location (with T0 sta-

tions) versus the azimuthal gap of the reduced location (without 

T0 stations). 

In Figure 4 (left) the use of the T0 stations in 

the location reduces the mean of the formal hori-

zontal errors by 25%, from 1.17 km to 0.88 km. 

It also reduces the number of earthquakes loca-

ted with a formal horizontal error greater than 5 

km. A greater reduction (Figure 4 right) is 

found (38%) in the average formal vertical error, 

from 2.71 km to 1.69 km, while the 95th percen-

tile is reduced from 17.3 km to 4.86 km. Wi-

thout the T0 stations the depth was held fixed by 

the Hypoinverse procedure in 635 events, but 

was fixed in 287 events only while using T0 da-

ta. 

Figure 1 
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We have localized with HYPOINVERSE 2000 

[Klein, 2002] the remaining 7315 events, both 

with and without the T0 stations, in order to eva-

luate the contribution of the T0 Stations to the 

knowledge of the seismic sequence. In this group 

of earthquakes the T0 Stations produced 21056 va-

lid P and S phases in a total of 138097 phases (an 

average of 2.9 phases per event in a total average 

of 18.9 phases per event). 

Performance management analysis 
Station code name Installed Decomissioned  

T0101 april 6th 2009 september 1th 2009 

T0102 april 6th 2009 september 1th 2009 

T0103 april 6th 2009 june 12th 2009 

T0104 april 7th 2009 not yet 

T0105 april 8th 2009 september 1th 2009 

T0106 april 8th 2009 not yet 

T0107 april 9th 2009 not yet 

T0110 september 8th 2009 not yet 

The table 1 shows when the single stations are in-

stalled. Some of the stations have not been removed 

yet, because they are part of a new project financed 

by Civil Defense Agency (DPC).  

day days days days 

Figure 7 shows a window of 270 days starting from April 6th. Approximately we stored most of the data, although few general 

gaps are present, together with other gaps mainly due to the transmission medium. 

A network performance analysis must be comprehen-

sive of the entire acquisition system. In a complex 

structure as the INGV, the data, once arrived physi-

cally at the acquisition center, must go through seve-

ral different processes. A fault in one or more compo-

nents could be disruptive as the transmission issue at 

the remote site. It is for this reason that in order to 

have a complete analysis of the accuracy of data, we 

investigate the data in the archive, which is the last 

node in the acquisition system. 

day days days days 

Figure 6 shows data availability for the first fifteen days. Starting from the bottom we can clearly see that although the first 

three stations were installed on day 0 (April 6th) data coming from two of them (T0102 and T0103) were available only one 

day later, while the T0101 was fully available only starting from the third day of installation (April 8th). Similar remarks are 

valid for the stations installed in the successive days. 
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Figure 9 shows the number of gaps found in 

the data. T0101 was 4 Km from the radio link 

center, while T0107 was at 17km. The number 

of gaps increases with increasing distance. 

T0104 was directly connected to the satellite, 

consequently no relevant gaps were detected. 
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Figure 8 compares for each portable station 

the number of working days versus the instal-

lation days. There is an evident problem with 

T0104, which has only 5 days of data on a ba-

sis of 15 days of installation. 
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Figure 10 express the completeness of data in 

terms of samples. T0101, T0102 and T0103 

were supposed to have the same amount of 

data, as T0105 T0106 and T0107. Again 

T0104 has a number of samples that shows a 

break down in the acquisition system.  

INGV 

Conclusions 
For the first time in Italy, during a major 

seismic crisis, the signals provided by a 

portable network were integrated in real 

time into the routine operations of the 

National Seismic Network. Analysis of 

recorded data showed how the 

Re.Mo.Tel. basically provided a good 

coverage of the L’Aquila sequence. Al-

though the existence of few major gaps, 

the data stored throughout the period of 

reference (April 2009-july 2010) contri-

bute to locate 8836 earthquakes on a to-

tal of 16416. This experience allowed us 

to point out both weaknesses and advan-

tages of the entire portable network, 

suggesting future developments in the 

connection facilities and in the procedu-

res for real time data quality check.  

Figure 5 shows the Gutenberg-Richter distribution for 14895 e-

vents localized without the T0 stations (left) and of 16416 e-

vents localized with the T0 stations (right). The minimum ma-

gnitude of completeness, computed with the maximum likeliho-

od method [ZMAP, Wiemer 2001] decreases from ML 1.4 to 

ML 1.3. 

http://iside.rm.ingv.it/

