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We thank Dr. Yamaguchi for his relevant and interest
ing comment that gives us an opportunity to clarify our
statistical study on the Etna volcano. We first briefly
summarize the two most important objections of Yama
guchi:

1. Some series show an autocorrelation, therefore the
significance level for the Pearson correlation is
biased; he then suggests to filter the data through a
particular autoregressive model.

2. A large number of time lags increases the possibility
to have some "significant" correlation by chance.
Regarding the first point, probably the most impor

tant, it is a well-established issue that Pearson cross
correlation between two autocorrelated series can lead
to erroneous results (see e.g. Granger and Newbold
1974; Phillips 1986). We are aware of this fact; two of
us, for example, analyzed the correlation between sea
level and geomagnetic inversions (Marzocchi et al.
1992) by using a method different from the one sug
gested by Yamaguchi, developed in econometrics (10
hansen 1990; Phillips 1991) to correlate series without a
flat spectrum (autocorrelated series). However, in the
present case we preferred not to use it because of the
comparatively low quality and peculiar nature of the se
ries analyzed. The series of data analyzed in Cardaci et
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al. (1993) are based on mostly subjective classifications
and are very different from tree-ring width data; the
latter are derived from a discrete parameter process
with the variable defined in a continuous range, where
as volcanologists face series that are mostly composed
of discrete values (e.g. the number of days character
ized by paroxistic events or the number of seismic
events) and with a very large number of ties (e.g. peri
ods without volcanic or seismic activity). These charac
teristics do not recommend the use of the model sug
gested by Yamaguchi as well as all other similar meth
ods (Hannan 1970; Sims 1980; Johansen 1990; Phillips
1991).

Also, the significance levels calculated for the Pear
son cross-correlation need a bivariate Gaussian distri
bution, and therefore continuous variables, but our ex
perience on statistical analysis suggested that, whereas
an "exact" statistical significance can be reached only
by considering this bivariate distribution, a statisfactory
approximation can be reached for series strongly non
Gaussian. To clarify this point, we perform a simulation
calculating the Pearson cross-correlation of 10000 si
mulated couples of small (50 data) independent binary
(O, 1 as possible outcomes) series, and count the num
ber of significant correlations for different significant
levels (the significance levels are calculated as in Car
daci et al. 1993). In Table 1 we report the results ob
tained: It is clear that the maximum difference of prob
ability from what is expected is :51%.

Having said this, the problem of the autocorrelation
in some series, as correctly pointed out by Yamaguchi,
remains. Whereas for the series considered in Figs. 4
and 5 of Cardaci et al. (1993) the autocorrelation is ab
sent or not too large, and the significance level of the
cross-correlation can be considered as a good approxi
mation, this problem is relevant to the series consid
ered in Fig. 3, and particularly to the series of flank
eruptions and the number of high-frequency events
(see Fig. 2 and Table 1 of Cardaci et al. 1993). Taking
into account the above discussion and the change in
seismic and volcanic (flank) activity around the 1979
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(see Table 1 and Fig. 2 of Cardaci et al. 1993), we cal
culated the Pearson's cross-correlation over a shorter
period (from 1979 to 1987) and with a time window of
100 days (chosen considering the correlation peaks re
ported in Fig. 3 by Cardaci et al. 1993), a time greater
than the autocorrelation time of the variables. In Fig. 1
we report the autocorrelation function for the variables
used, and in Fig. 2 the plots of the cross-correlation per
formed. These results confirm the ones obtained by
Cardaci et al. (1993).

Concerning the second point, we agre e with the ob
jection of Yamaguchi. For this reason we considered
different time windows (not multiple ones of the oth
ers) and took only the stable results to minimize this
problem. It is in fact very unlikely that a significant cor
relation merely due to chance shows up at the same lag
in different windows.

Fig. 2a-c Cross-correlation Pearson analysis of the same varia
bles considered in Fig. 3 by Cardaci et al. (1993). a High-frequen
cy event and flank eruptions; b average tremor amplitude and
flank eruptions; c low-frequency event and flank eruptions. The
period investigated is from 1979 to 1987 and the time window is
100 days. Reported on the y-axis is the cross-correlation, and on
the x-axis the time lag in days. The dotted lines represent the 0.05
and 0.01 significance level ca1culated as in Cardaci et al. (1993)
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Fig. 1 Autocorrelation functions for the variables used in the
cross-correlation of Fig. 2 averaged with a time window of 100
days. Reported on the y-axis is the correlation coefficient, and in
the x-axis the time lag in days. The dotted lines represent the 0.01
significance level
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Table 1 Number of significant correlations for different signifi
cance leve l of 10000 simulated binary series of 50 data and prob
ability Pl =0.2
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