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This was my first visit to the Earthquake Research Institute and I got the chance to work - as planned - with my host, Prof. Minoru Takeo, and with Ass. Prof. Mie Ichihara.


My research interests focus on time series analysis applied to signals recorded at active volcanoes. In the past years I have developed, together with collaborators and students, a number of spectral, dynamical, stochastic and pattern recognition methods of analysis of geophysical signals, methods that I usually apply to volcanic tremor continuous signals. These datasets are among the most informative ones that can be acquired at a volcano and, starting from the original raw time series, different parameters can be computed iteratively over suitable time windows. The time evolution of these parameters can be then analyzed to highlight different dynamical volcanic regimes.


Most of these approaches are now described in a contribution that I was invited to write for the EOLSS encyclopedia (developed under the auspices of the UNESCO), a contribution that I fine-tuned at the end of my stay at ERI and which I therefore decided to author with the double affiliation (University of Udine and ERI, University of Tokyo):

Carniel, R. (2012). Time series analysis: dynamical evolution of spectral, deterministic and stochastic parameters for the characterization of volcanic activity, in Geophysics and Geochemistry,[Eds. UNESCO-EOLSS Joint Committee], in EOLSS Encyclopedia, developed under the Auspices of the UNESCO, Eolss Publishers, Oxford ,UK, [http://www.eolss.net]


During my stay at ERI I kept following this line of research, first from the applicative point of view, applying a number of previously developed methodologies (seismic intensity, average and dominant frequency, spectrum distribution variance, first zero of the autocorrelation function, autoregressive coefficients and their relative ratios, singular values and parameters estimating their relative importance, power bins and their moments, detrended fluctuation analysis, etc.) to then evaluate the time evolution of each of the computed parameters. The dataset that was used as a case study is the seismic dataset recorded during the 2011 eruption of Shinmoe-dake (Kirishima volcano group), made available by Prof. Takeo.


From the methodological point of view I then focused in particular on the Nonnegative Matrix Factorization (NMF) method, which we had applied first to Erta `Ale volcano during the development of Giuseppe Cabras Ph.D. Thesis in Udine. NMF is an emerging new technique in the blind

 separation of signals. Volcanic tremor in fact often consists of a mixture of

 signals having different and independent sources, both volcanic and non-volcanic,

 possibly including anthropogenic ones. NMF is therfore a promising technique to separate such a mixture of foreground / interesting / target ”signals” from

 background / interference / undesired ”noise”. At Erta ’Ale volcano we used it for instance to separate a lava lake high convection foreground

 signal from a low convection background “noise”. 


During my stay at ERI I tackled the problem of separating with NMF a volcanic signal from a  noise due to wind. The problem is conceptually different from the previous one because in this case the noise is non stationary and superimposes on a more stationary signal and not the other way around like at Erta ’Ale. This led us to the development of a variation of the method that was then applied first to a case study with seismic data recorded at Villarrica volcano, and then developed extensively and applied on infrasonic data recorded at Shinmoe-Dake. In this case the efficiency of the separation can be evaluated by studying the cross-correlation patterns between seismic and infrasonic signals, using the techniques proposed by Ichihara et al. (GRL, 2012). 


The methodological developments and the preliminary application to Shinmoe-dake infrasonic and seismic data were already presented at two workshops: the Annual workshop of the ESC Volcano seismology group co-sponsored by the IASPEI/IAVCEI  Commission on Volcano Seismology (La Restinga, El Hierro,  Canary Islands, Spain, 14 - 21 September 2012) and the IV Biannual Collapse Caldera Workshop (Bolsena, Italy, 23 - 29 September 2012).


All the results obtained during my stay at ERI will be hopefully submitted for publication in paper(s) where I will appear again with the double affiliation (University of Udine and ERI, University of Tokyo).


Further applications of my methods are also planned using datasets recorded at Miyakejima volcano, and will be partially carried out during a probable future short visit to ERI in 2013.
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