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Evaluation of secular variation models of IGRF-11 and its application to the epoch reduction
of magnetic anomalies.

Yoshio UEDA (Cosmograyv, co. Ltd)  yueda558@hotmail.co.jp

Abstract

Secular variations of magnetic total forces at the magnetic stations in the eastern
Asian region were compared with those calculated by IGRF-11 model. The magnetic
anomalies at the stations calculated by subtracting IGRF-11 values from observed total
forces are ranging from several tens nT to about 100nT from the 1960’s to 2010.0 year. This
fact means that the magnetic anomaly should be defined with the epoch reduction year.
Annual variations of magnetic anomalies are caused by an insufficiency of secular model of
IGRF-11, and whose main reason may be attributable to the induced secular variation by
the sun spot activities. Annual variations of magnetic anomalies amounting several tens nT
suggest that the epoch reduction should be conducted for compilation of wide magnetic
anomaly map including source data whose survey date span more than 20years. A new
method for the epoch reduction is proposed as follows: in the first step, annual variations of
magnetic anomalies at magnetic stations are approximated by Fourier expansions, then, the
correction values for conversion from anomalies at observed date to those at the epoch date
were calulated. A horizontal distribution of the correction values obtained at several
magnetic stations were approximated by the polynomials of latitude and longitude. The
correction value at an arbitrary position is interpolated using the polynomials. The wide
magnetic anomaly maps covering the Hokkaido region was compiled by using this epoch
reduction method.
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Geomagnetic stations
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Fig.1 Geomagnetic stations used for evaluation of
IGRG-11
Stations in operation are shown by red
circles, and those in close by blue ones.
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Fig.2

Secular variations of total force of
magnetic field observed at
magnetic stations (red) and
calculated values of IGRF-11(blue)
and DGRF model(green) are
shown for 9 stations in the upper
column, and magnetic anomalies
of total force calculated by
IGRF-11 model are shown in the
lower column, respectively.
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Fig.3
Annual variation of total intensity
magnetic anomalies at the magnetic
and sunspot numbers

stations are

plotted by a red line.
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Step—1: Define a epoch date of magnetic anomalies at first, next, calculate
magnetic anomalies of total force at magnetic stations. The annual
variation of magnetic anomalies are then, approximated by Fourier

expansion series.

Step—2: To convert sea surface magnetic anomalies observed at arbitrary date and
place to those at the epoch date, the correction values of magnetic
anomaly at the magnetic stations ( difference of magnetic anomalies at the
epoch date and those at the arbitrary date at magnetic stations) are

calculated using the Fourier series obtained in the first step.

Step—3: The correction values of magnetic anomalies at magnetic stations are
approximated by the polynomials of latitude and longitude, then,
calculate the correction value at the observation point from the

polynomials.

050
Fig.5 Flow chart of annual reduction of magnetic anomalies calculated by IGRF-11 model.
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ANOMALY CORRECTION VALUES (1972.5 TO 1990.0)
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Fig.6

Contour map of the anomaly correction
value to convert anomalies at 1972.5 to
those at 1990.0 year.
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