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A. General Project Information: 
1. Submission date 

13/02/2015 
 

2. Name, institution and email address of Person Submitting Project  
Iole Serena Diliberto, Istituto Nazionale di Geofisica e Vulcanologia, iole.diliberto@ingv.it 
 

3. Name of Project 
Continuous Monitoring of High Temperature Fumaroles 
 

4. Project URL, if applicable 
 
 

5. Relevant papers related to the Project, with links, if possible 
Diliberto I.S., 2013 http://www.sciencedirect.com/science/article/pii/S0377027313002370 
Diliberto I.S. 2011 http://www.annalsofgeophysics.eu/index.php/annals/article/view/5183 
Cannata et al.,  2012 http://link.springer.com/article/10.1007%2Fs00024-011-0297-z 
Milluzzo et al., 2010 http://www.sciencedirect.com/science/article/pii/S0377027310003112 
Madonia et al., 2013 http://www.sciencedirect.com/science/article/pii/S1474706513000703 
Inguaggiato et al., 2012 http://onlinelibrary.wiley.com/doi/10.1029/2011GC003920/full  
Diliberto I.S., 2002 http://link.springer.com/article/10.1007%2Fs00445-001-0198-6 
 

6. Names of Project team members (and email addresses) 

Iole Serena Diliberto, iole.diliberto@ingv.it;  
Lorenzo Calderone; Fabio Di Gangi; Andrea Mastrolia; 
 email addresses lorenzo.calderone@ingv.it; fabio.digangi@ingv.it; andrea.mastrolia@ingv.it 
 

7. Institutions of Project team members 
Istituto Nazionale di Geofisica e Vulcanologia 
 

8. Details of any other Project partners 
 
 
 

B. Status:  
1. Did the Project receive funding? 

Yes, as a part of national projects for surveillance of volcanic activity. These data come from 
the continuous monitoring of geochemical and geophysical parameters that have been 
included, for many years, in the institutional activities of the Istituto Nazionale di Geofisica e 
Vulcanologia (I.N.G.V.), for the volcanic surveillance. 
 

2. Agency or funding organization which funded the project (including funding numbers) 
Dipartimento di Protezione Civile, Italy 

 
 

C. Description: 
1. Goal of the project 

Volcanic surveillance aiming to follow the pre-eruptive scenarios and to define, possibly to 
reduce, the volcanic risks 
 

2. Size and scope of user community 
Geoscientists who want to interpret changes of active geodynamic systems. Particularly, 
volcanologists are interested in the long term variations of temperature, because heat and 
fluids released on the surface give geochemical information on the deeper magmatic 
sources.  



Temperatures of fumaroles present at La Fossa cone of Vulcano are the result of expansion 
processes of magmatic fluids. The temperatures of emission reflect the enthalpy of primary 
system, processes of mixing with fluids from different sources, changes of phases and also 
exogenous disturbances. The time variations shown by this continuous monitoring and the 
comparison between emission temperature and many other geochemical parameters allow 
some interpretation of the sources. Possibly the time-series analysis of long-term monitoring 
of ground surface temperatures, included on a wider scale, could also contribute to 
investigate the surface effects of global warming. 

 
3. Size and topic of the dataset 

109 Kbyte (.CSV); soil temperatures measured by a thermocouple inserted in high temperature 
fumaroles. 
 

4. What type of metadata was added to the dataset? 
Structural metadata  
 

5. What standards were used if any 
The monitoring data (continuous and periodic) are stored in a former data management 
system (DBMS Database Management System) with access through interactive textual 
language SQL.  
Is under execution the implementation of the old database management system to a Web 
Catalog Service and to a Web Map Service for the management and modeling of geodata. 

 
6. Data annotation process 

A radio transmission of packet data was used, a sequence of serial bits including a header and 
payload checksum. 
 

7. Description of the data annotation process  
This series of data comes from the monitoring network of geochemical parameters set up for 
surveillance of volcanic activity. The continuous monitoring system has been structured in a 
central unit (CU), which performs the polling stations peripherals; more peripheral stations 
(PS) connected via radio or cell phone; one or more sub-centers (SC) that poll the devices 
connected via radio. A data logger stores data in the remote site, at predefined intervals (eg 
every hour). A master station (eg a server, or a personal computer) polls the datalogger to 
download the data packets from the memory of the data logger and processes the string to 
extract information (channel, time, data). Data are automatically saved to text file (*.csv), and 
are available in the form of tables. The dialogue with the SP occurs via radio modem RF 
600-1200 baud modem or cellular telephone 9600 Baud. For Vulcano island data of 
fumaroles have been acquired and stored by the peripheral stations Vulcra SP and SP 
Vulcra2. An intermediate position located in Lipari (SP Lipos) makes radio link with the SC 
desk called Subceca, which then retransmits to the central unit located at the center of 
research INGV Palermo. The monitoring data have been periodically (weekly or monthly) 
transmitted to the research team of IGF-CNR, and the mean term variations have been 
interpreted to complete the framework of geochemical modeling of volcanic activity. In the 
most recent years the data have also been displayed at the Regional Department of Civil 
Protection in graphical pages daily refreshed (https://192.168.0.2/dpc/dpc-vulcano-
temperature.html) 

 
8. Example of data before the rescue process 

24 data folders, more than 9000 csv datafiles, 179 Mbytes of data have been checked up to 
extract the daily mean of temperature in 4 high temperature monitoring sites (range 250-450 
°C) which are located on the top of La Fossa active cone (Vulcano, Italy). Temperatures of 
fumaroles were then validated by comparison with other datasets (like chemical and isotopic 
composition of gases associated to the steam release, rainfall data, other fumaroles and soil 
temperatures, ambient temperature, supply voltage). Sometimes the maintenance on the top 
of the crater was impossible to be carried out, therefore the time series shows some primary 
gaps of data due to the interruption of energy supplied by battery 100 amps, or due to troubles 
in the communication system. During this long term acquisition the automatic interval for 
measurement was generally once every two hours or once an hour. To test the acquisition 
system the interval for measurement has been sometimes reduced up to one a minute. This 
shorter interval was also set up to follow some short time variations. 
 

9. Example of data after the rescue process 
Validated data of high temperature fumaroles, ranging from 250 to 540 °C. The sampling 



interval after the rescue process is one value a day, covering a total period of 23,3 years. I 
chose a sampling frequency lower than the available ones  because, for this stage, my interest 
was to investigate the long-term variations. The rescue process of the first years of data has 
determined some secondary gaps in the time series, because of a delayed validation process. 
In some periods the maintenance on the field was difficult and wrong data were caused by 
defective cold junction compensation and by short term random variations, that we interpreted 
as noise. The wrong temperatures have been detected and erased during the validation 
process.  

 
D. Motivation: 

1. A description of ways in which the data could be or is used after being made available 
electronically  

The data have been used to follow the variations of overheated steam emissions at Vulcano 
(Aeolian Islands, Italy). The variation of temperature is directly correlated to variation of heat 
and energy released from the magmatic system, being one evident surface effect of the 
continuous  advection of fluids, affecting active geodynamic systems (ref. Diliberto et al., 
2002 and therein citations). Among the recorded time variations, some major trends lasting 
more than 4 years have been observed. The period of time from 1998 to 2009 has been 
already discussed (ref. Diliberto I.S., 2011; Diliberto I.S., 2013 ). The Fast Fourier Transform 
applied on subsets of data, highlighted the main cyclic component of the last years and 
simplified the comparison among many other time series of data. Temperature cycles have 
been often associated with coherent changes in the molar fraction of CO2 in fumaroles. The 
geochemical interpretation of the observed time relationships is that the continuous 
monitoring of high-temperature fumaroles reveal increased enthalpy input from a deep 
magmatic source to the brine-type biphasic hydrothermal system located between 1 km and 
2 km in depth. 

 
2. Data repository or website used to make the data available to the wider user community 

Database of INGV – Palermo  
 

3. Please explain why you chose to rescue this data set, in particular 
Recently I was appointed as coordinator of the geochemical surveillance in Vulcano (Italy) by 
INGV and so I have been working to integrate all the monitoring data acquired during the 
previous years. I began to analyze the latest data going back in time; the result presented here 
is a homogeneous series of temperature data starting in 1991. The continuous monitoring of 
fumaroles began in 1984 and, since the beginning, the extreme environment conditions of La 
Fossa cone has represented a hard challenge for researchers and technicians. The reasons 
are the highest temperature, maximum record 550 °C,  acidic gases, highest moisture, heavy 
rainy periods, alternate to dry seasons, and no energy supply was available at the top of the 
active cone. The data were gathered according to conventions aimed to the surveillance of 
volcanic activity, that have been periodically renewed among the research group of Istituto 
nazionale di Geofisica e Vulcanologia (I.N.G.V.) (ex Istituto di Geochimica dei Fluidi), the 
Gruppo Nazionale per la Vulcanologia  (G.N.V.), the Consiglio Nazionale delle Ricerche 
(C.N.R.), and Dipartimento di Protezione Civile (DPC). During these years we have been 
renewing some aspects of monitoring systems, without abandoning the former monitoring 
sites, without choosing new procedures, for not interrupting such a long record of data. Before 
changing techniques, the new monitoring procedures should be tested by comparing the new 
results with the former ones to ensure continuity of data acquisition.  
 

4. Description of how data was/is being used 
The continuous monitoring of fumaroles, offers a record in real time, minimizing the request of 
access to the extreme volcanic environment. The temperature is sensible to many influences, 
but is still in relationship with the hidden energy sources (hydrothermal, magmatic, 
geodynamic) that we want to study.  The long-term monitoring allowed comparisons with 
different subsets of data and confirmed the direct relationship with the changes of magmatic 
gas release. Some comparisons with other geochemical and geophysical parameters 
highlighted the common causes of major time variations. Moreover, the island of Vulcano is 
located in a region characterised by high seismic release and the recorded change of 
temperatures showed interesting time-relationship with local volcano-tectonic activity (ref. 
Madonia et al., 2014; Cannata et al., 2012; Milluzzo et al., 2010) The direct correlation 
observed between the time-series of temperature and seismic release indicates that both 
parameters give expression to the internal forces acting on the geodynamic system of 
Southern Thyrrenium. 
 



5. Plans to extend the project including plans for long-term sustainability 
This is a unique data-set coming from continuous monitoring made in an extreme environment 
and hasn't been yet published.  
The experience matured in this field can be extended to monitor many other areas, minimizing 
costs and getting expeditious results. The exchange of the acquired data among different 
scientific disciplines, coupled to long-term comparisons, will be necessary to have the 
surveillance programs working properly and to obtain reductions to the cost-benefit ratio. 
 

6. Possible extensions to other fields, datasets, etc. 
This data rescue can be analyzed by different points of view. The same monitoring system 
could be installed in other quiescent volcanoes, to follow any change in intensity and extension 
of thermal anomalies related to hydrothermal and or magmatic steam output. This monitoring 
could be a starting point to set up a surveillance system in volcanic observatory to remotely 
follow evolution of closed conduit volcanic systems. Moreover, well defined monitoring 
networks would help the calibration of IR thermal images, and of different remote sensing 
techniques for the interpretation of changes observed at the earth's surface.  

 
E. Other: 

1. Other supporting information (max 500 words) 
By the continuous monitoring network operating at la Fossa cone we minimized the access to 
unsafe areas, but we have recorded, in real time, direct information on the steam convection of 
vapors and gases. Time series obtained by multiparametric program of surveillance showed 
that the thermo-physical properties of the hydrothermal systems, actually feeding the active 
cone, are not stable and are subjected to frequent departures from stationary regimes. While 
steam flow measurements are not available for long-term monitoring, the monitoring of 
fumarole temperatures accounts for the evolution of exhaling activity and contributes to the 
evaluation of the risk level associated to volcanic activity. 
The thermal monitoring of fumaroles indicates that, in the thermal area of the cone La Fossa, 
the external agents (rain and barometric perturbations) have some minor influences, just short-
term effects on the fumarole  temperatures. Differently  a change in partition of the energy 
release between the summit area of the active cone and the peripheral areas have been 
heralded by the ensemble of temperatures recorded in the time series 1991-2014. This change 
occurred after March 1996, and has been verified by comparison with other data series 
(chemical and isotopic composition of fluids, diffuse CO2 flux, deformation, rate of energy 
release evaluated on local and regional scales) to interpret the evolution of this volcanic 
system. 
The steps for this geochemical approach to the volcanic surveillance have been: 
A) Making a starting hypothesis, in this case the stationary convection of the magmatic system 
beneath the Vulcano and Lipari Islands: The heat and mass flow towards the surface respond 
to the forces conjugated to the temperature distribution from depth (Lomintz, 1994).  
B) Checking the available data: The geologic record, the seismic energy release and the 
exhaling activity showed at Vulcano frequent departures from the steady state, driving to the 
past eruptions. In the last century continuous and discontinuous monitoring of surface fluids 
registered changes of surface emissions of fluids, changes of temperature, but also seismic 
activity anomalously high if compared to surrounding zones. 
C) Comparing the empirical approach to the theoretical background to interpret those surface 
variations related to change of energy released from the deep system. 
D) Linking the monitoring data to flux equations to define the rates of variation and to test if a 
kinetic approach is possible. Moreover to find out some correction to be applied to the 
investigative process. The main reason to offer a broad access to electronic archive is that the 
step D can be completed successfully only by multidisciplinary approach to many parameters. 
According to this sequence of steps the long-term monitoring of fumaroles showed a 
combination of cyclical variations which can be interpreted as one of the effect of the 
temporary departures from the stationary state supposed for the system feeding La Fossa 
area, and the possible cause are not necessarily of magmatic origin. The steady state 
pressure field, as well as the steady state temperature gradients can be perturbed either by 
magmatism and by seismotectonic processes related to the regional dynamics. 

2. Are you planning to attend or present at the EGU General Assembly in April 2015 
 

 
Supplementary files, such as photographs, in PDF or other formats 
1_Vulcano_panor_view.jpg; 2_1993-arcinfoGIS.jpg; 3_2014 thermal photomosaic.jpg; 4_tforIDRA.jpg: 
5validatedT91-14.csv ------------ 


