GEOMAGNETIC SECULAR VARIATION AND FIELD
PBSCILLATIONS OF EXTERNAL ORIGIN AT HUANCAYO, PERU

G. K. Rangarajan’, O. Veliz*> & B. R. Arora!

The long uninterrupted series of magnetic measurements made at Huancayo close
to the dip equator are analysed to bring out salient features of secular variation and
oscillations of external origin in the magnetic elements. It is shown that the secu-
lar change at Huancayo is largely comparable to the global models for different
epochs. The secular jerk in 1969-70, noted over Europe manifests more prominantly
in the vertical component, Longer period oscillations of internal origin are identified
with different periodicities in H, Z and D. Solar cycle periodicity of 11 years is not
distinguishable in the departures of the annual mean values from the secular trend.
Quasibiennial signal is unambiguously noticed with variable amplitudes during
the epoch under analysis. The modern technique of singular spectrum analysis is
applied to the data to show its simple structure in terms of annual, semi-annual and
14-month periodic components. Indications of the presence of a 14-month signal
in H induced by Chandler wobble are seen.
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VARIACOES SECULARES E OSCILACOES DO CAMPO GEOMAGNETICO DE
ORIGEM EXTERNA, EM HUANCAYO, PERU - 4 longa e continua seqiiéncia de
medidas magnéticas efetuadas em H uancayo, perto do equador magnético, é ana-
lisada a fim de se obter fei¢des de variagdo secular e osci Zagées de origem externa
dos componentes magnéticos. E demonstrado que a variagdo secular em Huancayo
¢ comparavel a modelos globais para periodos distintos. O secular salto magné-
tico de 1969-1970, observado na Europa, manifesta-se preponderantemente na
componente vertical. As oscilagdes de longo periodo, de origem interna, séo
identificadas com periodicidades diferentes em H, Z, e D. A periodicidade do
ciclo solar de onze anos ndo é perceptivel nas variagdes do afastamento dos valo-
res das médias anuais, em comparagdo com a tendéncia secular. O sinal quasibienal
é claramente observado com amplitudes varidveis durante o intervalo de tempo
da andlise. A moderna técnica de andlise de espectro singular é aplicada aos
dados para mostrar sua estrutura simples, em termos dos componentes periodi-
cos de seis, doze e quatorze meses. A presenga do sinal de quatorze meses ¢
identificada na componente H induzida pela oscilagdo de Chandler:
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INTRODUCTION

The establishment of geomagnetic observatory at
Huancayo, Peru (Lat. 12°03°S, Long. 284°40°E) in 1922
was of great importance to the ionospheric physicists as it
led to the discovery of the daytime equatorial electrojet
current belt centred over the dip equator.

The location of Huancayo is significant from other
points of view also. The lowest magnitude of total intensity
(F) of the earth’s magnetic field occurs over the central part
of South America. Isolines of zero inclination (I) and verti-
cal component (Z) deviate significantly from the geographic
equator in the neighbourhood. Annual change in declination
(D) is the largest in its vicinity while change in I is minimal
with largest positive and negative annual rates of change
scen on cither side (Baldwin & Langel, 1993). It will,
therefore, be interesting 1o study in detail the sccular trend
and shorter period oscillations of the field components at
Huancayo and to compare the same with the features
obscrved clsewhere.

Some important aspects of the secular variation in the
geomagnelic ficld are:

(i) the gcomagnetic jerk reported at scveral European
observatories during the 1969-70 epoch (Le Mouel et.
al., 1982) manifests as a change in the linear trend of
the geomagnetic ficld and has been known to occur in
different magnetic elements depending on the
geographic location of the observatory (Golovkov &
Simonyan, 1989);

(if) longer period variations in the range 30 to 90 years
observed with different amplitudes in different regions:
and

(iii) solar cycle and solar magnetic cycle components with
11 and 22 year periodicity whose origin (internal or
external) is still open to question.

In a recent study of the secular change in the geographic
location of the dip equator, Rangarajan (1994b) found that
the north south migration of the dip equator is minimal over
Huancayo whereas just 15° to 45° further east, the swing
between 1945 and 1990 was significant.

The geomagnetic field of external origin at an
observatory close 1o the dip equator also exhibits distinct
characteristics like the strong semi-annual variation in
contrast 1o the dominance of the annual variation at low
latitudes.

The local time dependence of the strength of the annual
and semi-annual variations of the magnetic field at equato-
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rial locations was discussed in detail by Bhargayy
1972) and Bhargava ctal. (1973). A comprehensive
of these oscillations covering all latitudes has been
by Campbell (1989). ;

[n addition to the annual and semi-annual vy
low latitude geomagnetic ficld is known (o exhip
periodicities like the pole tide signal or Chandle.#
of 14 months (Rao & Rangarajan, 1978), quag
oscillation (Sugiura 1976; Rangarajan, 1985
(1989) has shown that the equatorial electrojet

is much stronger than that over the Indian an
regions and that many ionospheric and ge
features in the three longitude sectors are not _'
comparable.

It 15 well known that magnitudes of the d_}_
components at different frequencics are enhang
the daytime, These variations also include a ¢
internal origin induced by external currents w

and sub-surface clectrical conductivity,

In this communication, we perform an
analysis of the long series of geomagnetic data
Huancayo since 1922 to study both the sec'lii
features and oscillations of the field due to sou_"r
to the earth. '

The basic data utilised are the mean m
derived [rom obscrvations on all days from

FIELD OSCILLATION OF INTERN

Secular variation

Annual mean values of the magnetic elS
utilised to study the secular changes at H
the period 1922 to 1988, It is usually rece
perform the analysis with local midnighl_'\_f
to quiet days, as most of the field changes 0
could be satisfactorily eliminated
substantially diminished (sce for
Tomlinson, 1986). Alldredge (1976) foun'd;
source cffect due to solar activity is b
and Z annual means than in D. Useful 1
when data derived from obsecrvations 0
year are used. Since the present @
characterizing both sccular and other 0
the monthly means obtained from all
considered appropriate.
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crmine the nature of the smooth secular trend,

ls ol increasing order were [itted to the annual
¢s by the method of propagating least squares
by Gangi & Shapiro (1977). The best-fit
ls - a cubic for H, a parabola for D and a quartic
d the percentage variance accounted for by
yrders are given in Table 1. The fitted curves
1e cpoch under analysis are shown in Fig, 1. D
Huancayo are by far the smoothest with almost
crease since 1922, H too shows smooth trend
int of inflexion near 1932; since then H is
continuously. However, Z has a secular change
sed by a rapid increase in the initial part and an
signal in the latter years. This explains why a
der polynomial was necessary in the case of the
componcnt. Residuals, determined as departures
ooth secular trend, are known to have cyclic
ts which may be both of internal origin (with
year periodicitics) or due to solar activity (11
~solar magnetic activity (22 years). Such
es have been identified at several stations by
& Yacob (1969) who found that the solar cycle
n Hwas larger during odd cycles indicative of a
ariation.
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Secular trend in the magnetic elements at
0, derived from polynomials of best fit (sce

- Tendéncia secular nos componentes magnéticos
cayo, obtida pelo melhor ajuste polinomial (ver
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Table 1/Tabela 1

H:29611.2 +25.59 X -1.9829 X*

Z:122 8+ 134,766 X -6.2033 X2+ 0.113487 X*-0.000726 X'
D 8.088-0.0445 X - 0.000796 X2

(X=1,. ... 67 correspond to the years 1922 to 1988).

Percentage accounted by Polynomial of degree

1 Deg. 2 Deg. 3 Deg. 4 Deg.

96.1 99.2 99.9 n H
6.5 55.4 78.9 95.0 Z
98.0 99.9 - - D

Long-term periodicitics

The departures of the observed annual values from
the secular trends are shown in Fig. 2. In all three
elements, the residuals show fairly large amplitude
undulations. In Declination, one could notice a long term
periodicity of about 60 to 80 years with a maximum near
1935-40 and a minimum near 1970-75. This periodicity
has been observed and analysed in great detail by the
Russian scientists (sec for e.g. Petrova & Burlatskaya,
1983). Langel ct al. (1986) believe that the 60-year
periodicity can be expected from torsional MHD
vibrations. In case of Z, the cyclic component with a
30- ycar periodlicily stands out, not necessarily as the
harmonic of the 60- year variation. The residual in H, on
the other hand, is complex with no well defined
pcriodiclity though two distinct maxima scparated by
about 40 years could be noticed. This result appears
distinctly different from those shown by Bhargava &
Yacob (1970) for several other stations. Alldredge (1977)
noticed a periodicity close to 25 years in magnetic
observatories’ data and concluded that it is of internal
origin due to its non-coherency in different regions. The
absence of any well- defined oscillations in the vicinity
of 20 years lq_nds support to the views of Alldredge that
it is not a coherent global fluctuation caused by external
sources. Golovkoy (1983) has attributed long period
variations of internal origin to local axi-symmetric source
with the motions propagating along the core surface from
a single point.
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Figure 2 - Departures of observed annual mean values from
the secular trend models.

Figura 2 - Variagdes nos afastamentos das médias anuais
observadas, em comparagdo com modelos de tendéncia

secular

Solar cycle variations

In all the three elements, there is no discernible
component with a periodicity of 11 years. If present, this
could be both due 1o a genuine short term secular change or
induced by solar cycle changes in the external part of the
geomagnetic field. Demonstrating that solar cycle variation
in H at Tucson was in phase opposition to the sunspot cycle,
Yukutake (1965) attributed this to the effect of an increasce
of ring current intensities at solar maximum, However, later
investigations using regional and global data sets revealed
that solar cycle components varied both spatially and
temporally and, when present, were not always anti-phase
with sunspot cycles (Bhargava & Yacob, 1970; Rivin, 1974;
and others), perhaps marking varied contributions from
several sources with incoherent phases. Evaluating
separately the relative strengths of the solar cycle component
in the constituents of external fields, e.g. Sq and ring-current
intensity (DR) modulation, Murty & Arora (1977) found
solar cycle modulation in Sq and DR in H at low latitudes
to be comparable in amplitude but nearly in phase
opposition. It is suggested that the absence of the 11- year
oscillation in the geomagnetic field at Huancayo is the result
of mutual cancellation of the two effects associated with
ring current and Sq due to their phase opposition.-
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Secular jerk

Whenever a sudden change in the slope of th
secular variation of the magnetic field is noticed, i
a secular variation impulse or simply asa ‘jerk’. A o1
secular jerk was noticed most clearly in the Dec
many European observatories during 1969 (L

., 1982). Corresponding change in H was see;
Amenca while Z was affected around the samie D
the Australasian and Siberian re gions (Wha]e ;
According to Whaler, the most striking visual
when the first differences of observatory meané

Two straight line segments with different slopx
possible secular impulse. Gubbins & Tomlins
detected significant signatures of the geoma"”
jerk in the Y component at Apia during
Amberley durin g 1972. They also indicated 4
the record in the beginning of 1978, Both the staﬂ\r
New Zeland in the southern hemisphere.

min
w2

—‘:‘ b= ™
g = A

nT
80—

60 -
40
20~
o
nT
ol = Al
-20 |-
-43 -
=50 |-
=80 |~

| | I |
1920 30 40 50 60

Figure 3 - First differences of obscrved
of the magnetic elements. The dashed
smoothing,

Figura 3 - Diferencas nas médias anua
componentes magnéticos, As linhas
tam uma suavizacdo dos dados efetua:

To identify secular jerk at
differences of the annual mean va
elements were computed and these ar
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ar impulsc of 1969 observed over most of the world
t Huancayo but not concurrently in all the three
occurs earlier in H and later in D compared to
h\}e slope change is most discernible. There is no
f a jerk near 1978 but there is a prominent
ust after 1930 in both Z and D. Golovkov &
1989) analysed data from 42 observatories and
he histogram of years when inflexion was seen
€S, peaked in 1949 and 1969. But the earlier jerk
nuch smaller geographic extent. We believe that
jerk noticed in Huancayo near 1930 may be
in its regional extent and therefore, was not seen
analyses. According to Gavoret et al. (1986) only
erks have occured in the 20th century. Results
ncayo are consistent with this observations.

on of the observed annual mean values with
dels

rical harmonic (S.H.) models for the main field
ent epochs have been streamlined by the
nal Association of Geomagnetism and Aeronomy
raﬁng all available data. They arc now available
4’ efficients of degree and order 10 called Definitive
ctic Reference Field (DGRF) for the epochs 1943,
- 1980, 1985 and as IGRF for 1990 (sce for
n & Langel, 1993), They are definite in the sense
rther revision is anticipated for these coeficients
ore data become available. The reference field
ives only a global represengation of the geomagnetic
could account for only very long wavelength
s dictated by the highest degree (circumference
n.) Regional discrepancies are expected to emer-

bserved annual mean values are compared with
l-derived values. Such comparison of data from
n observatory in Central Mexico was carried out
‘Fuccugauchi & Campos - Enriquez (1993). The
good correlation between IGRF derived-values
945 and 1990 and the observed annual mean
indicative of very low secular variation anomaly

g. 4 are shown the difference between observed
-based annual mean values of the three magnetic
or the years 1945 to 1990, every 5 years apart.
990 was extrapolated from the observed secular
cussed earlier, It is seen that H and D have well -
gdsecular variation anomalies of similar nature with a
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notable decrease in the discrepancy between observations
and model field towards the later epochs, For each epoch,
the departures themselves are not too large to be termed
strictly as ‘anomalous’. [t is tempting to ascribe the observed
departure in the earlier years to less perfect observations. In
contrast to the secular anomalous change in the horizontal
plane, the vertical component shows a parabolic trend for
the difference field with a near perfect match for the current
epoch. Changes in the observed annual mean values could
be attributed to the nature of the meandering dip equator in
the vicinity of Huancayo (Rangarajan, 1994b). As
mentioned earlier, the local characteristics of the geographic
location of the dip equator as derived from [GRF is widely
different over a limited longitude zone in this part of the
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Figure 4 - Departures of the observed annual mean values
(every 5 years apart) from the values derived from spherical
harmonic models for the epochs 1945, 1950, ... 1990.

Figura 4 - Variagcdes nos afastamentos das médias anuais
observadas a cada 5 anos, em comparagdo com valores
derivados de modelos harménico-esféricos, para o perio-
do de 1945-1990.

In broad terms, IGRF models appear to be very good
compromise to observations since 1980 for all the three
elements. Results and conclusion of similar nature were also
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derived for North American continent by Dawson & Newiltt
(1982) and for West Africa by Vassal (1987).

FIELD OSCILLATIONS OF EXTERNAL
ORIGIN

Quasi-biennial oscillation

The presence of a strong signal with a quasi-periodicity
of two years termed Quasi Biennial Oscillation (QBO) in
stratospheric parameters like zonal wind, tlemperature, total
ozone etc. 1s well known, There have also been a few
attempts to detect the presence of this signal in the
geomagnetic ficld. Yacob & Bhargava (1968), from spectral
analysis of long serics of magnetic H component at Alibag
in India showed that the QBO signal is a reality in the quiet
day ficld and its source could well be the Sun. Applying
band-pass digital filters, Rajarao & Joseph (1971) isolated
the QBO in H at stations well separated in longitude to show
the dependence of its amplitude on the station’s location.
At QBO periodicity, Sugiura & Poros (1977) showed close
correlation between the solar activity indices and the
geomagnetic disturbance field.

To identify the time variations in the QBO signal at
Huancayo using mean monthty values derived from all days,
a band-pass digital filter with unit response for 24 + 4 months
was uscd. For immediate comparison, the corresponding H
data from Alibag (18°N;72°E) in India and the sunspot
number scries are also processed similarly. The time
cvolutions of the QBQO signal in the four paramcters are
shown in Fig. 5.

For Huancayo, the signal is stronger in H than in Z,
The amplitude of the signal appears modulated but not
very systematically so that it is difficult to calculate the
modulating frequency, if any. The largest signals are seen
before 1930, near 1945, and after 1980. Much earlier,
Stacey & Westcott (1962) did not find any signal
corresponding to QBO at Huancayo in the spectrum of H
for the epoch 1922-1945. At first sight, it is surprising
that while the present analysis shows strong QBO around
1930 and 1945, the spectral approach did not isolate QBO
in almost concurrent data sets. This apparent contradiction
is attributed to the phase variability of QBO and the quasi
periodic nature of the different epochs. The signal strength
is diluted 1n spectral approach where average
representation is provided by the peak value in the
frequency domain.
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Figure 5 - Time variations of bandpass fi
months) data of H, Z at Huancayo. H at Alibag
number, Rz for quasi-biennial oscillation.

Figura 5 - Variagdes temporais dos dados)]
meses) dos componentes: H e Z, em Huancay
e Rz (numero de manchas solares) para;
quasibienal.

It is noteworthy that while the ana
Westcott had failed to resolve the sign
peak amplitudes for QBO were found t
continuum in the spectra of Apia and,
based on a longer series of data, co_nﬁ_
does exist at equatorial and low latitude:
part of the time-span, the singals at tw
stations arc not coherent. These are;
observations of Stacey & Westcott (19
whilé QBO’s fluctuations are periodic;i
to be randomly excited. Further, since Il
both the stations do not show overall
in sunspot numbers, it can be surmi
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mappear 1o be a sole cause for the observed QBO in
: equatorial latitudes.

ecently it has been shown (Olsen, 1994) that the
omagnetic field could be attributed to the coupling
between middle atmosphere and the ionosphere
strong QBO at stratospheric heights can leave a

Jatitude geomagnetic ficld is known to exhibit
émi-annual, 14-month pole-tide and other short-
iriations. It has been recently recognized that if a
- exhibits multiple time scales in its variability, the

¢ information about the deterministic and stochastic
a time serics. In brief, the method consists of
ding the time scries in a M - dimensional subspace

RIS 1) { | )|

¢ of this method is that despite the arbitrary size of
bedding space (M), only the first few eigen values
cantly contribute (o the total variability so that the
ies can bc decomposed in terms of very few
ant component variations, If there is a well-defined
dal fluctuation in the time series, it manifests as a
1gen veclors in exact phasc quadrature. A very nice
dlive example has just been provided by Schlesinger
ankutty (1944) who identified an oscillation of 65 -
IS in the global climate system using this powerful

i .
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In this section, we report about the results of applying
the method of Singular Value Decomposition to the mean
monthly value data of H at Huancayo between 1922 and
1988. As the data series is known to be a combination of
both low and high frequency components, the time series
was first detrended with a digital high pass filter with unit
response for periods 18 months and less. Earlier analysis
(Bhargava et al. 1973) has clearly shown that the monthly
values derived from all days show the influence of the
disturbance field in the semi-annual and annual variations
which manifests as of sccondary importance during late
cvening or night hours. The daytime field in the equatorial
region is largely of ionospheric origin and is stronger during
quict days. Aswe could not have access to the corresponding
monthly data restricted to quiet days, we consider an
alternate method for isolating the disturbance componcent
in the time scries used. For this purpose a regression analysis
was performed with the monthly H data and the index Aa
of geomagnetic activity (Mayaud, 1980) which rcpresent
global geomagnetic activity level over and above the
ambient quict day conditions. The regression cocfTicient is
then used as a normalization factor to hopefully cqualize
the cffect of disturbance in the data and make them
representative of quiet day field only.

For the singular spectrum analysis a viewing window
of M = 49 was chosen after several trials. The singular
spectrum (square root of the individual eigen values)
cxhibits a noisc floor beyond M = 12 or so. The resulting
scven eigen vectors (EV) in descending order of
importancc are shown in Fig. 6. The percentage of variance
accounted for by thc individual modes are respectively
10.2,10.0,9.3,9.2, 4.4, 4.1 and 2.8. The first three pairs
of cigen vectors are in ncar phase quadrature indicating
that they represent well defined oscillations of the ficld.
From the number of cycles completed over the embedding
space it is clear that the first pair represents semi-annual,
the second pair the annual and the third pair a likely 14
month signal. The data corresponding to the 5th mode,
when spectrally analysed revealed the presence of a near
14-month periodicity. Yacob & Bhargava (1968) also found
such an unexpected periodicity in Alibag H but could not
indicate the likely causative mechanism. Rao & Rangarajan
(1978) later succeeded in precise isolation of the pole tide
signal (422 days), close to the fluctuation in the length of
the day due to Chandler’s wobble. Singular spectrum of
Huancayo H field indicates that it is fairly simple in its
structure with strong semi-annual (20% variance) and
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annual (18%) components with the pole tide signal also
being detectable.

EV.1

EV.2

EV.3

EV.4

EV:5

EV.6

EV.7

50

Figure 6 - First seven Eigen vectors resulting from the sin-
gular spectrum analysis of Huancayo (monthly values on
all days). Note the phase quadrature in the first 3 pairs of
eigen vectors, indicative of strong oscillatory signals with
6, 12 and 14 month periodicities.

Figura 6 - Primeiros sete autovetores obtidos da andlise
de espectro singular em Huancayo (valores mensais todos
osdias). Notar a quadratura de fase nos primeiros [rés pares
dos aufovetores, que indica o forte sinal oscilatorio com
periodicidades de seis, doze e quatorze meses.

In a recent analysis carried out by Rangarajan (1994a),
it was shown that the time variation in the amplitude of
significant signal in a time series of Indian monsoon rainfall
was exactly matching with the same derived from the
technique of complex demodulation (see Banks, 1975, for
details). The most salient aspect of the complex
demodulation is that is represents the slow and smooth
variation of both the amplitude and phase of the central
frequency chosen for demodulation, covering the epoch.
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Fig. 7 gives the demodulates, with the top thre
corresponding to the demodulates obtained from the
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fethod ol analysis, the first and last 10 percent of the
tion will not be correctly represented. After

for this. it can be seen that all through the period,
of the secmi-annual variation is constant with a
indicative of equinoxial maximum as would be
The amplitudes. of both the annual and semi-
mponents. exhibit cyelicity of nearly 11 years but
in phasc with the maximum of the solar cycle. [t
orthy of note that the annual component is
bly weaker in comparison to the semi-annual
but the pole tide signal, over certain segments,
gnificant amplitudes while at other intervals it is
ro. Most significant effect of the normalization
adopted is scen for the annual component.

EENELUSIONS

arth’s magnetic ficld components, close the dip
the American scctor, arc shown to exhibit several
» [eatures of internal and exiernal origins, The
change in the magnetic ficld at Huancayo is largely
able to the model field, generated by Definitive
tic Reference Field (DGRF) for different epochs.
al component indicates the signature of the 1969-
jerk noticed most prominently over Europe and
Solar cycle signal in the magnetic field measured
of annual mean values from the secular change
the three elements are not easily distinguishable.
ontrast, a quasi-bicnnial oscillation of the field
ble amplitudes 1s clearly identified, Singular value
ition of the time series clearly indicates the fairly
icture of the field variations of external origin.
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