Dear Editor,

Please find our answers (marked in red) to comments by Susan Macmillan and the description of necessary changes in the revised manuscript. 

Sincerely,

Venera Dobrica, Crisan Demetrescu, Mioara Mandea

Comments by Susan Macmillan
There are some novel ideas about separating signals in geomagnetic data here and

they have been applied to a new collection of geomagnetic data. However separating

sources of the signals is not explored at all. The Hodrick-Prescott (H-D) filter is widely

applied in business data where trends are being isolated in data with seasonal and annual signals.
The conclusion “The generally accepted geomagnetic jerks occur around extrema in

the time derivative of the trend” is hardly surprising as this is practically the definition

of a geomagnetic jerk, insofar as we have one.

According to our processing of data (HP analysis) we have been able to separate the observed geomagnetic field into a trend and a cyclic signal that might be atributted to internal and, respectively, external sources of the geomagnetic field. Therefore ”the time derivative of the trend” represents only the internal part of the observed geomagnetic field, which is not the same with the well-known time derivative of the observed geomagnetic field based on which Courtillot et al (1978) defined a jerk. Moreover, the sharpness, i.e. the V shape, of a jerk results not only from the V peak of the decadal oscillation at the jerk time (that shows up in terms of observatory annual means), but also from the two straight line segments that approximate the SV evolution of observatory data before and after the jerk according to the original definition of a jerk. Of course, in a first order approximation, one could still define jerks by straight-line segments fitted to the HP trend, but with less justification than in the case of observatory annual means contaminated with external features. 

It is not clear to me that the conclusion “The generally accepted geomagnetic

jerks: : :coincide with extrema in the time derivative of the 11-year constituent” can be

obtained from Figures 6 and 7. These Figures show a coincidence of the jerk dates

with extrema in various cyclic constituents, not just the 11-year cycle, of the time derivative.

Your comment at the end about a definition for a jerk essentially says this though,

viz “: : :the geomagnetic jerk concept should be considered as a more general notion,

namely the evolution of the secular variation as a result of superposition of two (or

more) constituents describing effects of processes in the Earth’s core at two (or more)

time-scales.”

In Fig. 6 (and in Fig. 7 that regards only the cyclic constituent at European observatories), all accepted jerks (except the 1999 and 2007 ones) coincide indeed with extrema in the time derivative of the cyclic constituent. A closer look at data (perhaps not that easy to do at the figure 6 scale) shows for instance that the minimum related to the 1969 jerk in the sub-centennial constituent takes place at 1965 and in the inter-decadal constituent at 1968. Differences between the accepted jerk occurence moments and the time the extrema are reached in the two longer-term constituents appear also in case of 1905, 1925, and 1978 jerks. Our conclusion you cited in the comment refers to the two long-term constituents (inter-decadal and sub-centennial constituents). According to our observation, the 1999 and 2007 jerks should be shifted to 1998 and 2006. Let us note, however, that these events are not world-wide but localized to the African sector (Mandea et al., 2000; Chulliat et al., 2010). 
More detail is needed on how the 30-year and 73-year spectral lines are identified in

Figure 2 because these values are then used (at least initially) in some of the subsequent

filter design. Does the length of the series, which you comment is important,

somehow weight the times of the observatory peaks in the averaging process?

Most observatories indicate these figures for the spectral line corresponding period. We adopted them to filter all observatory timeseries, because, according to Demetrescu and Dobrica (2014, Appendix) the filtered time series do not lose the information related to actual periods involved, no matter what figure is used in filtering.  

In your description of the H-D filter are the expected periodicities part of the filter design?

What are the advantages of the H-D filter over fitting a cubic spline then doing a

spectral analysis to the residuals?

No, the expected periodicities are not part of the filter design, they are true periodicities in data, constrained by the HP trend and cyclic parts of a signal. This might be also seen in the FFT spectra presented in Figs 2b, S2 and S3. As is described in section 3 of the paper, the HP filter function does not concern with any periodicity in data, it simply simultaneously minimizes two sums, one of the difference between the time-series and its trend component and the second one regarding the second-order difference of the trend component. Actually, according to Paige and Trindade (2010, Electronic Journal of Statistics, 4, 856-874, doi: 10.1214/10-EJS570) the Hodrick-Prescott filter is a special case of a linear penalized spline model with knots placed at all observed time points. In the following figure, a cubic spline was applied to our data, showing that the smoothing is insignificant, at odds with applying the HP filter which reveals periodicities in data. 
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What is the reason for the split in the 3rd panel of Figure 3? NGK runs continuously

through this time.

The third panel of Fig. 3 was supposed to show that the cyclic signal is a superposition of harmonics of the 11-year cycle. A visual inspection and also FFT power spectra of the cyclic constituent (Fig. S3) show the presence of low frequencies in the 15-25 year period band. We treated separately the two parts of the signal (1890-1960 and 1961-2014) because the plot suggests a change in frequency that contribute to the signal. Indeed, for the first segment of data we got a period of 10.65 years and a much longer one (33.7 years), and for the second segment values of 17.38 and 29.22 years. The last two oscillations are a result of combinning a 10.89-year oscilation with a 42.89-year one. So, somehow, we deal with beatings between the sunspot (so-called 11-year) and magnetic (~22-year) solar cycles. This would be a subject of future, more detailed studies.        

Please clarify how you get a _22-year oscillation over the past _40 years from Figure 3. It looks more like 16-17 years and in any case must be related to the 2 periods used in the “two-waves” sinusoidal fit.
The answer is to be found at the previous question. We hope that a future study will give a more definite answer. In the revised version of the manuscript we shall avoid our strong statement regarding the presence of 22-year oscillation. 

An analysis of the sunspot series (a completely independent series) would be useful to illustrate the significant departures from the 11-year cycle. This would also lend weight to the assertion that the high frequency cyclic signal is external in origin.

We are aware of the fact that the 11-year signal should not be attributed entirely to external sources, and what we did was in fact to separate a high frequency signal in data, without being entitled to decide on sources. In the revised version of the paper we added a fourth panel in Fig. 3 (and a corresponding comment in the description of the figure on page 5) plotting the sunspot number time series, just for an independent indication of the external origin of this signal: it might be seen that the cyclic component is almost in opposite phase with the 11-year solar cycle, suggesting that these variations are the effect of external processes controlled by the solar activity. The correspondence is very clear in H (see Demetrescu and Dobrica, 2014 and Dobrica et al., 2013). We previously (Demetrescu and Dobrica, 2014) have shown that in the intensity components H and Z the decadal signal is very clearly in opposite phase with the sunspot number timeseries. This is expected because in annual averages the depressed field during geomagnetic storms is never compensated by an increase of the field (in the recovering phase of a storm, H eventually reaches the pre-storm values). So in years of  high solar activity the annual averages will be lower than in low solar activity years. The declination should generally follow this behaviour of the intensity components, but differences can appear. We leave for a future study a more detailed look on the effect of external sources in D.

How can you be sure that the big jerks are not influencing the results of the filtering

in Figure 6? This is crucial as your main conclusion seems to be along the lines of

“geomagnetic jerks are not random features but a cyclical feature of Earth’s magnetic

field”. An important conclusion potentially.

The results of filtering are not influenced by the position of the big jerks. 
