Dear Editor,

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

Sincerely,

Venera Dobrica, Crisan Demetrescu, Mioara Mandea

Comments by Jon Mound

The results from the observatory records were quite similar to previous analyses, giving

confidence in the application of HP filtering to these records, although, as in previous

studies, it is very difficult to find cleanly separated and identified periods. I found the

indication that the sub-centennial constituent is a coherent variation over the last several

centuries particularly intriguing. However, since the five locations considered are

all European, it may not be surprising that they show a similar variability, particularly

within gufm1 as the spatial resolution of that model does decrease significantly towards

the start of that model.

We think that the main cause of similar variability would be the core source with an Earth’s surface effect on large area, as shown by Stefan et al. (EPS, 2017) to have acted during the entire timespan of gufm1, but also the limited spatial resolution of gufm1 could have a role, as suggested by the reviewer. We added a corresponding text in the revised manuscript at page 11, line 5.

A minor addition regarding the discussion on page 3 lines 9-11 on the six-year geomagnetic

signal, it should be noted that there is a corresponding six year signal in

length-of-day that cannot be explained by known external sources and thus has been

linked to processes in the core (this is discussed in the cited work by Gillet et al. and

Home & de Viron; but see also work by Abarca del Rio et al., 2000, Annales Geophysicae;

Mound and Buffett, 2006, EPSL; Duan et al., 2018, EPSL). Thus, although the

mechanism responsible for the 6-year geomagnetic signal remains under debate it is

almost certainly internal in origin.

Additionally, from a structural point of view, I might move that discussion so that it

connects to the paragraph on page 2 lines 20-30; which ends with a discussion of these

sort of inter-annual signals. The discussion on page 3 could then remain focused on

the (inter)decadal and longer variations.

As suggested, we moved in the revised  manuscript the discussion on the 6-year variation on page 2, lines 20-30, also citing the indicated papers and mentioning lenth-of-day data.

When applying the Butterworth filter, is there a reason to do this to the HP-filtered trend

rather than applying it to the data directly? Perhaps running a filter on a filter doesn’t make any difference in this case as all of the removed signal is at frequencies much

higher than those of interest, but even if that is the case, why not simply apply the

Butterworth filter to the original time series?

As you might see from Figs. 3 and 4 the results obtained by applying the Butterworth filtering directly on data did not differ so much by those given by HP filtering. The reason for applying the HP filter is that we get from it, beside the trend that contains lower frequencies, the higher frequency signal, namely the so-called cyclic one. The latter seems to be less contamined by lower frequencies than in case we try to filter out the high-frequency signal directly from the original time series as a first step, although, as you already stated above ”it is very difficult to find cleanly separated and identified periods”.    

On page 10 lines 20-23, there is a discussion of the relative timing of geomagnetic

events (which may or may not be jerks) relative to the maxima and minima of the subcentennial

variation. The two dates are said to correspond “within a few years”, but

in reality there is about a decade between them. Given the uncertainty on both sides

of this comparison, I might be more conservative in discussing the closeness of this

correspondence.

In the revised manuscript we replaced ‘within a few years’ by ‘within a decade’ and mentioned the uncertainties on both sides of the comparison. 

Page 12, lines 3-5. I agree that after your processing to remove suspected external

signals, the time series no longer has the sharp V-shaped events, that are often used

as an identifier of jerks. However, your method of removing suspected external signals

is essentially to filter out high frequencies, which necessarily results in smoother time

series. If you applied your filters to a “perfect” V shaped or sawtooth function with a period

of 20 years, what would survive? I suspect that it would also end up looking rather

smooth. I don’t see any easy resolution to this problem through pure time series analysis,

comparison to external field models or proxies (e.g. indices of solar activity) seem

necessary to unravel the origin of the high frequency content within the geomagnetic

observatory time series.

The analysis of the decadal constituent (the cyclic component of HP filter that retained decadal and smaller periodicities in data), assumed to be related to the 11-year solar cycle, was beyond the scope of our paper, having in view its source, entirely external or external plus induced internal. However, as both reviewers considered, 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 (with exceptions), 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, PEPI 2014, and Dobrica et al., EPS 2013). We leave for a future study a more detailed look on the effect of external sources in D.
Why is the green line in figure 3 discontinuous? Presumably this reflects a suspected

change in frequencies that contribute to this signal. If this is truly external signal is

there any corresponding change known of in measures of the external field?

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.        

In figures 9 & 10 the amount of noise in the data and the mismatch between the data

and gufm1 appears to grow significantly between about 1700 and 1800 (the exact

timing of this differs between sites). Therefore I might be cautious about claiming that

the sub-centennial signal is really traced all the way back to 1600.

The sub-centennial signal is indeed very noisy at the beginning of the five time series and mismatches to gufm1 are evident. However, the gufm1 time series are consistent with each other. On the oher hand, gufm1 is not based only on the five time series, but on a much larger number of measurements and the SH analysis distributes errors over the entire spherical surface. As the sub-centennial variation in gufm1 closely follow the observed time series in the last ~200 years of the time series depicted in Fig. 10, there is ground to give credit to the entire time series.  

Other minor points: 
I find the lightly weighted lines (particularly the grey lines in figure 6) very hard to see

in printed form, although they are ok when viewed on the computer.

In the revised manuscript we increased a bit the weight of the grey lines in Fig. 6 in order to be more visible in printed form.

last line of page 2: “seemed to characteristic in case of declination” reads oddly to me,

perhaps simply “characteristic of declination” would work better.

We changed accordingly. 
