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ABSTRACT. Geomagnetic jerks are abrupt changes in the secular variation generated in the Earth's core. Even the most basic characteristics of jerks as its origin and
duration, are still a matter of debate in the scientific community. Data obtained by magnetic observatories and satellites are used in these studies. The main characteristic
of jerks is that they are not simultaneous at the Earth’s surface, with a general pattern of a first arrival in the Northern hemisphere, with a later appearance in the South by
about two years. The non-simultaneous behavior of jerks is important to constrain the electrical conductivity of the lower mantle and for a better understanding on how
jerks are generated in the core. The main objective of this paper is to discuss methods of detection of jerks at Vassouras (VSS) observatory (Brazil). In addition, we want
to highlight the relevance of detection of jerks in observatories in the Southern hemisphere by encouraging the improvement of the data quality and the discussion of the
main geomagnetic jerks characteristics.
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RESUMO. Os /ar#s sao mudangas abruptas na variagdo secular geradas no niicleo terrestre. Até as caracteristicas mais basicas dos /&74s, como sua origem e durago,
530 ainda controversas. Dados obtidos em observatorios magnéticos e satélites sdo usados neste tipo de estudo. A principal caracteristica dos j&r4s é que eles ndo sdo
simultdneos na superficie da Terra, com um padrdo geral de chegada mais cedo no hemisfério Norte e mais tarde no hemisfério Sul, com um intervalo da ordem de 2
anos. O padrdo ndo simultaneo dos Jér4s é importante para estudos sobre a condutividade elétrica do manto inferior e para um melhor entendimento de como os j&r4s
530 gerados no nticleo. O principal objetivo deste artigo € discutir métodos de detecgdo dos jer4s no observatorio de Vassouras (VSS, Brasil). Ressaltamos a relevancia
da identificagdo dos /ers em observatdrios no hemisfério Sul, estimulando a melhora da qualidade dos dados e a discussao das principais caracteristicas dos /ezs.
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INTRODUCTION

The geomagnetic field observed at the Earth's surface results from
contributions of the external, core, induced and crustal fields. In
this paper we focus on the temporal variations of the internal mag-
netic field generated in the core.

The secular variation corresponds to the first time derivative
of the magnetic field. Jerks manifest as changes of the secular
variation trend (Courtillot & Le Mougl, 1984; Le Huy et al., 1998)
identified as a V-shape and as a step-like function in the secular
acceleration (Fig. 1). However, in real geomagnetic data these V-
patterns can not be easily detected, therefore various techniques
have been used to decrease the external magnetic field influence
from the data and to identify jerks.

The occurrence date of jerks is a subject of intense debate
which depends strongly on the method and dataset used. Some
authors used annual means that contain less influence of the ex-
ternal field, while others analyzed monthly means in order to have
a better temporal resolution.

The most common method applied to detect jerks is the fitting
of two straight lines to the secular variation, by least-squares. The
wavelet analysis is another method that has been applied to iden-
tify jerks. Alexandrescu et al. (1996) used the continuous wavelet
transform and found five events characterized as worldwide jerks,
occurred during the last century: 1901, 1913, 1925, 1969 and
1978 (Fig. 2). Some works point to more recent global jerks at
1991 (De Michelis et al., 1998, 2000) and at 1999 (Mandea et al.,
2000).

The global or local extension of geomagnetic jerks is another
widely discussed topic. For example, the 1932 jerk is local since
it was mostly observed in the southern hemisphere and not seen
in any European observatory. Another local jerk was detected in
1949, observed mainly in the Pacific area and in the American
region (Alexandrescu et al., 1996). A more recent and local jerk
occurring at 2003 was found by Olsen & Mandea (2007) by using
satellite data.

However the best-studied jerks of global extension occur-
red in 1969, 1978 and 1991. These three events show a non-
simultaneous behavior. This means that the same event occurs
in slightly different times at distinct observatories; usually these
jerks appear at a later time in the southern hemisphere, with a time
delay of about two years (Alexandrescu et al., 1996; De Michelis
gtal., 2000; Chambodut & Mandea, 2005).

Jerk occurrence times are an important issue in geomagne-
tism since its non-simultaneous behavior has been used in stu-
dies of constraints of the electrical conductivity of the lower man-
tle that is poorly known (Alexandrescu, 1999; Nagao et al., 2003;
Pinheiro & Jackson, 2008).

The aim of this paper is to detect jerks in Vassouras obser-
vatory using different techniques and discuss the advantages and
disadvantages of each method.

METHODOLOGIES TO DETECT JERKS

The usual disadvantage of the general piecewise method to ana-
lyze jerks is that it forces a jerk at an imposed epoch, whether or
not the data contain such a discontinuity. For instance, Le Mougl
et al. (1982) fitted straight-line segments to the secular variation
of some observatories, before and after 1969-1970. They found
that the gradients are seen to vary at different observatories and in
some cases the slopes are indistinguishable (e.g. Honolulu ob-
servatory). These results showed that the jerk amplitude, defined
as the difference of slope of the two straight line segments, also
varies at the Earth’s surface.

In addition, even in data where jerks are clear, there is an un-
certainty in determining the date when they happen as it is believed
that they are not instantaneous, resulting in a SV curve changing
sign over an approximate 2 year period.

An alternative approach that does not consider a priori infor-
mation is presented in Whaler (1987). A linear-segment-finding
algorithm is applied and the hypothesis that the points all lie on
the same line is tested for all possible segments over the whole
interval.

More recently, Alexandrescu et al. (1996) and De Michelis &
Tozzi (2005) applied a wavelet analysis assuming sudden events
of an unknown nature at undefined dates may have occurred in the
geomagnetic field.

In this paper we applied the classical and the wavelet analysis
in order to detect jerks and exemplify how the exact time depends
on the method and dataset used.

WAVELET ANALYSIS

A wavelet is a waveform of limited duration that has an average
value of zero and tends to be irregular and asymmetric. Its main
property is the dilation, which is the variation of the wavelet scale:
the larger the scale, the lower the frequency analyzed.

The advantage of using wavelets is that it is possible to in-
vestigate both the global (low frequency) and the detail (high fre-
quency) of the signal by stretching and squeezing the wavelet
while sliding it along the signal. In contrast to Fourier analysis, it
is possible to detect localized time features of the signal.

The sensitivity of wavelets to local characteristics in a signal
is an advantage in the study of jerks since they are assumed to
be singularities introduced at the core-mantle boundary (CMB).
A singularity is a discontinuity in an a derivative of the signal,
where a is the regularity of the singularity.
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Figure 1 — Simple schematic display of secular variation for a hypothetical component of the magnetic field. The first graph (A) shows the typical V-shape of jerks
in the secular variation and B and C show sketched the secular acceleration and the third differences, respectively. In this case, we would have an impulse in the third

differences at the time when the jerk occurred.
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Figure 2 — Secular variation of East component of Chambon la Forét observatory
in France (yellow circles) and Niemegk observatory in Germany (green circles).
The data shown are first differences of observatory monthly means that have been
smoothed by a 12-month running average.

A problem with wavelet analysis is that the boundary effects
are important and prevent detection of events close to the begin-
ning and end of the time series. In this case it is necessary to
apply a more classical method such as simply analyzing the trend
of secular variation.

A synthetic example, to illustrate the ability of wavelets to de-
tect jerks, is shown in Figure 3. We simulated two changes of
slope which cause a convergence of the wavelet transform coef-
ficients to the exact point of the discontinuity. The regularity of
the discontinuity is an important characteristic of the jerk and it is

Brazilian Journal of Geophysics, Vol. 28(1), 2010

calculated by a log-log plot of the scales versus modulus of the
coefficients along the line of maxima.

VASSOURAS OBSERVATORY (VSS)

In this paper we analyze geomagnetic jerks at Vassouras observa-
tory, in Rio de Janeiro (Brazil), as it is shown in Figure 4. Monthly
and annual means of the X and Y components were analyzed.

In this work we recovered data from Vassouras observatory,
but a gap from 1946 to 1947 still remained. That is the reason
why the time series was divided in two parts: one from 1915 to
1946 and the second one from 1947 to 2001. Gaps in the dataset
shorter than 6 months were accepted and in these cases a linear
interpolation was applied.

RESULTS AND DISCUSSION

The monthly means of the X and Y components at Vassouras ob-
servatory (Fig. 5) show variations of their slope that might be
candidates to jerks. For example in Y component we can see
some changes occurring for example at 1925 and around 1980.
By following the usual procedure to detect jerks we calculated the
first time derivative expecting to enhance these changes. How-
gver, as shown in Figure 6, it was not possible to detect changes
of trend probably due to a low signal-to-noise ratio at Vassouras
and because the first derivative enhances signal and noise alike.
By applying a 12-month running average to the time series or
to calculate the secular variation considering the annual means,
the external field influence decrease. Figure 7 shows a filtered
data in which is possible to see some variations in the slope that
may be candidate jerks. The problem is that there is still a clear
lack of accuracy on estimating the occurrence dates for the jerks.
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Note that depending on how one fits the lines the dates will vary

substantially.

One way to try to solve this limitation is using wavelet analy-
sis. The wavelet transform was applied to the monthly means of
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Figure 3 — Synthetic signal simulating two jerks (A), continuous wavelet transform (B), lines of maxima coefficients of the wavelet
transform (C) and scale versus absolute value of the maxima coefficients of the wavelet transform, in log-log scale.

the X and Y component at Vassouras observatory to detect the

geomagnetic jerks.

Figures 8 and 9 show the wavelet transform of Y component.
It is clear the presence of noise in the space-time scale in both
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Figure 4 — Localization of Vassouras observatory, Rio de Janeiro, Brazil.

lower and higher scales. The lines of maxima of the wavelet trans-
form do not converge and are not straight, as in the synthetic
example (Fig. 3).

We built the log-log plot of the coefficients along the ma-
xima lines of the wavelet coefficients (Fig. 10) from 16 to 32. This
range of scale was chosen because we expected jerks to be pre-
sent in higher scales that correspond to changes in the low fre-
quency content of the signal, below that scale range the data is
noisy. We selected the ridge functions that have positive slopes
that characterize the presence of jerks (Alexandrescu et al., 1995).
Table 1 shows the occurrence dates for the jerks in Y component
are 19225 (a=1.67),1941 (a=1.47) and 1969 (a = 1.37) and
in X component it is 1932.9 (a = 2.03).

Because of the high content of noise in the plane time-scale
we tried another solution to detect jerks (Fig. 11). We applied the
wavelet filter to recover the lower frequency contents in the annual
means by the approximation given by the wavelet in the higher
scales. The application of wavelet filtering reveals that the noise
in the smaller scales may be the main cause for the problems in
the wavelet transform.

We achieved a reasonable separation of signal and noise. It
allows the determination of the dates of occurrence in the filtered
signal using linear regression (Fig. 11). There are other approxi-
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mations that could be done, but the idea was to delineate variati-
ons in a V-shape that would occur in this filtered data.

Table 1 — Lines of maxima coefficients of the wavelet
transform, the date that it happened and the regularities
of geomagnetic jerks obtained from wavelet analysis.

Lines of )
maxima coefficients Date Regularity
X7 1932.9 2.03
Y4 1922.5 1.67
Y10 1941.0 1.47
Y152 1969.0 1.37
CONCLUSION

The signal to noise ratio at Vassouras observatory is low, this cau-
ses the time derivatives to be noisy and more difficult to detect the
jerk occurrence times.

We compared the occurrence dates present in Table 1 with oc-
currences of solar cycle and only the dates 1949 and 1969 were on
period of maxima activity. This may indicates that most of the da-
tes are not related to the solar cycle, which agrees with an internal
origin for the phenomena.
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Figure 5 — Monthly means of the X (A) and Y (B) components of the Vassouras observatory.

Not all events at Vassouras appeared in both X and Y com-  Table 2 shows the dates and methods used to find evidence of
ponents at the same time. Some of them are only detectable in  impulses. Marked dates are the most probable dates for geomag-

one of the components, as

is showed in Table 1. In most of the  netic jerks at Vassouras observatory. This is common in other

cases the impulses are more conspicuous in the Y component.  observatories too.
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Figure 6 — Secular variation of X (A,B) and Y (C,D) components obtained by monthly means at the Vassouras observatory.
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Figure 7 — Secular variation of X (A) and Y (B) components obtained by annual means at Vassouras observatory.
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Figure 8 —In A, the secular variation of the Y component of the Vassouras observatory, from 1915 to 1946, in B the continuous wavelet
transform and in C the lines of maxima coefficients of the wavelet transform.

Table 2 — Detected occurrence dates of geomagnetic jerks in the X
and Y components of the magnetic field at Vassouras observatory.
This table shows results using (1) raw data, (2) 12-month running
average, (3) wavelet transform and (4) wavelet filter.

Raw | Running | Wavelet | Wavelet

data | average | transform | filtering
1922 Y Xand Y
1925 Y Y Xand Y
1932 X X
1941 X Xand Y Y Y
1949 X X
1960 Y Y
1969 Y Y Y
1978 Y Y Y

We concluded that the wavelet transform is not an effective
method to detect jerk in all observatories. When the signal-to-
noise ratio is low, as in Vassouras observatory, the wavelet trans-

form coefficients panel is cluttered with discontinuity-like noise
features. Moreover the resultant ridge functions are too noisy to
allow the estimation of regularity.

The best results were obtained using the wavelet transform to
filter the geomagnetic data in which we decreased the influence
of spikes and other high-frequency noise. The signal-to-noise
ratio was substantially improved by recovering the long-period
contents of the signal and the lines are better fitted to the filte-
red data. We believe that there is not a unique way to detect the
geomagnetic jerks in any observatory around the world. Each
observatory should have unique characteristics and limitations
to the best methodology to be employed.
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