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PLINIO: an interactive web interface for
seismic monitoring of Neapolitan volcanoes

L. D’Auria, R. Curciotti, M. Martini, G. Borriello, W. De Cesare,
F. Giudicepietro, P. Ricciolino, G. Scarpato

Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Vesuviano, Italy

INTRODUCTION

Seismic monitoring of active volcanoes has different and sometimes contra-
sting requirements. The peculiar features of volcanic seismicity makes an inte-
ractive system more complex than required for typical seismic monitoring.
Intense seismic swarms of small magnitude earthquakes need a rapid but con-
sistent processing for tracking in real time the evolution of an ongoing volca-
nic unrest. At the same time a comparison with the past record for detecting
patterns still observed or anomalous behaviours is needed. Furthermore a cor-
relation between different parameters as event magnitude and depth, event
occurrence rate and volcanic tremor amplitude may be required. Finally, a
rapid exchange of information among scientists located worldwide can be
important for drawing conclusions about the evolution of a crisis.
The first task can be fullfilled by an automatic seismic processing system, fol-
lowed by a manual revision from expert seismologists. The second and the
third can be simply accomplished storing the results of the processing in rela-
tional databases, that very well suited for such applications. The last task can
be simply achieved by making the dataset accessible on-line thour a web ser-
ver, in a friendly and interactive way.
On the basis of the experience matured on the automatic seismic monitoring
system of Stromboli ([2]) the research team of Monitoring Centre of I.N.G.V.
“Osservatorio Vesuviano” started developing a similar software infrastructure
for the monitoring of Neapolitan volcanoes.
The existing databases: GeoVes, with supervised analysis, and Web Based
Seismological Monitoring (WBSM) system, with automatic location, have been
joined into a single friendly graphical interface aimed at improving the data
accesibility and efficiency of the monitoring system.

GENERAL OVERVIEW OF PLINIO

The core of PLINIO is a PHP engine that queries two relational databases
and gives a graphical output to the users. Actually we have used a PHP engi-
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ne (release 5.1.2) embedded in a Apache (2.0) web server. The PHP engine
uses JpGraph libraries (release 1.2) by Aditus Consulting. All these software
are freely available on common Linux platforms.
The PHP core queries a Microsoft SQL database, containing results of manual
processing of seismic data and a MySQL database containing results of real-
time automatic analysis. The automatic analysis are performed by an
Earthworm installation. The general scheme is depicted in Figure 1.
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FFiigg..  11.. General scheme of PLINIO. Dashed lines defines separated computers.

REAL-TIME EARTHWORM PROCESSING AND WBSM DATABASE

Earthworm (EW) is one of the most used software package devoted to sei-
smic monitoring [1]. It consist of a set of software packages and libraries
aimed at real time seismic data acquisition, transmission and processing. One
of the key point of EW is its modularity. Different EW installation can run
simultaneously on different remote machines and can interact each other
through the Internet Protocol (using either TCP and UDP connections).
The core of each installation is a set of shared memory buffers (RINGS) that
can hosts incoming data (waveforms, pickings, hypocenter locations and control



messages) and share them among processes attached to the RING. A typical
EW installation own 3 rings: a WAVE_RING (for waveforms), a PICK_RING
(for automatic pickings) and an HYPO_RING (for automatic locations).
The scheme of the EW installation used by WBSM is shown in Figure 2. The
module coaxtoring collects incoming data using the UDP/IP protocol and put
them into a WAVE_RING. Here they are continuously analysed by the
pick_ew module that performs an STA/LTA based automatic picking and puts
them into the PICK_RING. The binder module, clusters the pickings supposed
to be related to the same seismic event. Once clustered pickings are processed
by a pipe of modules (eqproc, eqbuff, eqcoda, eqverify and hypo_mgr). The last
module, interacts with HypoInverse routines that performs the actual location.
Resulting hypocenters are delivered to the HYPO_RING, where they are col-
lected by the OV_report module and inserted into the WBSM database.
OV_report does not belong to the EW software distribution but it has been
developed by the INGV-OV “Centro di Monitoraggio” team. Other ausiliary
modules (copystatus and statmgr) are needed for verifying the status of the
modules and for notifying system malfunctioning to the administrators.
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FFiigg..  22.. Scheme of the Earthworm installation used by WBSM. (from [6]).



MANUAL PROCESSING AND GEOVES DATABASE

Routine seismic data analysis at INGV-OV are performed by seismologists
belonging to the “Seismic Laboratory”. They perform daily a visual inspection
of digital seismograms searching for natural and artificial seismic events.
Earthquakes are manually picked and locates using the WinPick software code
(developed at INGV-OV). Results are inserted into a relational database
GeoVes, containing information about all the detected seismic events (earth-
quakes, artificial explosion, thunders, landslides and other events with a doubt-
ful classification). The database contains also information about the seismic
network (sensors, data loggers etc...) and raw waveforms for each event.
GeoVes is intented for internal usage only. It is equipped with an ASP web inter-
face for low level queries and download of picking, hypocenters and waveforms.

PHP INTERFACE AND JPGRAPH LIBRARIES

PHP is one of the most powerful tools for the management of dynamic web
pages [5]. One of the aims of PLINIO is to provide a friendly output in real
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TTaabb..  11.. Structure of the table evento in WBSM database.

NNaammee DDeessccrriippttiioonn TTyyppee SSiizzee  ((bbyytteess))

id Event id integer 10
subId Secondary id char 50

tipoSisma Type of event char 50
tempo Origin time date 8

frazioneSec Decimal part of the O.T. real 7
area Geographic area char 50
lat Latitude real 15

long Longitude real 15
prof Depth real 7

magnitudoTipo Type of magnitude char 50
magnitudoValore Magnitude real 7
stationNumber Numer of stations integer 5

gap Azimuthal gap integer 5
minDistanza Distance between epicenter and closest station real 7

rms Final RMS real 7
errH Epicentral uncertainty real 7
errV Depth uncertainty real 7

qualityIndex Hypo71 quality index char 10
autore Location author char 100

NomeSum Summary file mane char 100
NomeArc ARC file name char 100

NomeDMX DMX file associates char 100
Sumbin Hypo71 summary file blob



time. We have accomplished this task using PHP libraries for querying both
the Microsoft SQL server (GeoVes) and the MySQL (WBSM) databases. We
have used JpGraph libraries for plotting the results [4].
The main page of PLINIO has a lateral menu (Figure 3) allowing the selec-
tion of pages within 3 submenus:
1. Latest events: a list and a map of the most recent events recorded by the

INGV-OV network, last events in Italy recorded by the Italian Seismic
Network managed by INGV-CNT, latest events in the Euro-Mediterranean
region (from EMSC web site http://www.emsc-csem.org) and latest events
worldwide (from NEIC website http://wwwneic.cr.usgs.gov).

2. Station maps: an interactive detailed map of the seismic networks with
reference to each station (Figure 4) 

3. Queries: a set of queries on the databases. They are described in sec.6.

Queries are managed by selecting a time interval, a geographic area and a mini-
mum quality index. This selection is perfomed in a frame positioned in the top
of the main PLINIO web page (Figure 3). It is based on JavaScript functions,
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TTaabb..  22.. The structure of the table Sismi in GeoVes.

NNaammee DDeessccrriippttiioonn TTyyppee SSiizzee  ((bbyytteess))

Id Event id integer 4
Data Event Date date 8

OraHH Origin time hour byte 1
OraMM Origin time minutes byte 1
OraSS Origin time seconds real 4

Tipo_Sisma Event type integer 4
Intensita Intensity byte 1

Lat_Epicentro Latitude real 4
Long_Epicentro Longitude real 4
Magnitudo_Ml Local magnitude real 4
Magnitudo_Mb Body wave magnitude real 4

Profondita Event depth real 4
Area Geographic area integer 4

Num_Dati Number of phases integer 4
Gap Azimuthal gap real 4
Rms Final RMS real 4
Errh Epicentral uncertainty real 4
Errz Depth uncertainty real 4

Qualita Hypo71 quality index char 2
Processing Type of processing integer 4
Nome_File Location file name char 50
Tipo_File Type of file integer 4
Stato_File Current state of the file integer 4
Label_CD Label of the backup CD char 50

Descr Description char 255
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FFiigg..  33.. Screenshot of the main page of PLINIO. On the left the menu, on the top the interval and
area selection form.

FFiigg..  44.. Example map of a seismic network: Campi Flegrei.



triggered by buttons, that allows a rapid selection of predefined intervals (Last
24h, Last week, Last month, Last year). Once the selection has been done, it
is kept using the SESSION mechanism of PHP (Table 3). So also changing
the type of query (locations, magnitudes etc..) the selected interval, area and
quality are kept constant if not explicitly changed.
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TTaabb..  33.. PHP SESSION variables used by PLINIO.

VVaarriiaabbllee TTyyppee DDeessccrriippttiioonn

sYY, sMM, sDD, sHH, sMI, sSS integer Begin of the interval
eYY, eMM, eDD, eHH, eMI, eSS integer End of the interval

area char Geographic ares
qualità char Hypo71 quality index

EXAMPLE QUERIES

The submenu Statistiche allows the following queries:
– Number of events: this query gives an histogram showing the time varia-

tion in the occurrence rate of seismic events in the selected area. The num-
ber of bar of the histogram is selected automatically (i.e. 20). Each bar
height is proportional to the event occurrence rate (events/day). This
allows a comparison of occurrence rate even using different time intervals
(years, months, days). On the top of each bar also the total number of
events for the interval spanned by the bar is shown (Figure 5).

– Magnitude: this query shows a plot where magnitudes of single events are
shows as function of time. It may allows the detection of pattern of
increasing magnitudes (Figure 6). Together with the time-varying plot also
an histogram showing the relative percentage of events for a magnitude
interval is shown.

– Depth: using this query time variations in the depth of hypocenters are
plotted (Figure 10). Also an histogram showing the statistical distribution
of hypocenters over the depth range is generated.

– Energy: this query plots the cumulative energy released by earthquakes in
the selected time interval and area, using the magnitude-energy relation
E=109.9+1.9M (Figure 7).

– Location: this query shows an interactive map using the GoogleMap
JavaScript API [3]. First a Keyhole Markup Language (KML) file is created,
then using a GGeoXML object of the API two map overlays (one for the
events and one for the stations) are created (Figure 8). Together with the
KML file, also another file is written using the Hypo71 format. This file can
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FFiigg..  55.. Frequency occurrence rate in the Campi Flegrei area between February 2006 and February
2007. Blue numbers are the occurrence rates (events/day) while the black ones are the absolute
number of events.

FFiigg..  66.. Magnitude distribution in the Campi Flegrei area between February 2006 and February 2007.
Notice the swarm in October 2006.
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FFiigg..  77.. Cumulative energy trend in the Campi Flegrei area between February 2006 and February
2007. The energy-magnitude relation used is 109.9+1.9M.

FFiigg..  88.. GoogleMaps view of epicenters in the Campi Flegrei area between February 2006 and
February 2007 (blue crosses. Seismic stations are indicated by red symbols.
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FFiigg..  99.. 3D view of hypocenters in the Campi Flegrei area between February 2006 and February
2007 using the SeismicityViewer applet.

FFiigg..  1100.. Depth variation of hypocenters in the Campi Flegrei area between February 2006 and
February 2007.



be used for a 3D interactive visualization using the SeismicityViewer applet
[7] (Figure 9).

– Typology: a pie diagram showing the distribution of seismic events in the
selected time interval and area by typologies (earthquakes, long-period,
landslides, other) is plotted (Figure 11).

– Area: this query gives a pie diagram showing the distribution of earthqua-
kes in the selected time interval by areas (Figure 12).
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FFiigg..  1111.. Distribution of event typologies in the Vesuvius area between February 2006 and February
2007.

FFiigg..  1122.. Areal distribution of earthquakes between February 2006 and February 2007.
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