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A revised calculation of Dst, general interpretations, and a map
of low-latitude, storm-time magnetic disturbance: 1958 – 2007
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Abstract. A new version of the storm-time Dst disturbance index is calculated using
the original hourly magnetic-observatory data from the four standard observatories and
collected over the years 1958 – 2007. The calculation method amounts to a refinement
of that first used by Sugiura [1964], and which is now used by the Kyoto World Data
Center for routine calculation of Dst. The most important methodological difference con-
cerns the removal of solar-quiet (Sq) variation. Each 50-year observatory time series is
band-stop filtered in the frequency domain – removal of specific Fourier amplitudes cor-
responding to stationary, periodic variation driven by the Earth’s rotation, the Moon’s
orbit, the Earth’s orbit around the Sun, and their mutual coupling. The resulting non-
stationary, disturbance time series (Dist) from each observatory is weighted by site ge-
omagnetic latitude, and he time series from all the observatories are then averaged to-
gether to give what we call Dst5807−4SH . Comparisons are made with the standard Ky-
oto Dst, and various biases, especially for residual Sq, are identified in the Kyoto Dst.
Analysis is made of magnetic disturbance corresponding to positive Dst values, mostly
storm sudden commencements, and negative Dst, mostly corresponding to subsequent
storm main and recovery phases. Individual observatory time series are analyzed for pos-
sible site-specific, induced magnetotelluric signals. A global, Dst-scalable map is constructed
of a standing, asymmetric pattern in local-time disturbance. Greatest (least) average dis-
turbance is found to be dusk (dawn) centered, a result that might be interpreted in terms
of a persistent, storm-time partial ring current. Still, the local-time disturbance map pre-
sented here challenges some conventional ideas about the magnetosphere and magnetic
storms. The disturbance index Dst5807−4SH time series is made freely available for space
physics and solid-Earth applications.

1. Introduction
The dynamic behavior of the Earth’s magnetosphere is

governed by the Sun and the solar wind [e.g. Cowley , 1995;
Russell , 2000]. Embedded in the solar wind is the inter-
planetary magnetic field, and with its connection onto the
geomagnetic field, occurring especially with enhancements
of solar-wind speed caused by coronal-mass ejections, the
field lines of the magnetosphere are progressively advected
from the dayside magnetopause, across the noon-midnight
meridian of the polar cap, and into the nightside magnetotail
[e.g. Hughes, 1995; Kennel , 1996]. This process of magne-
tospheric convection can be highly time-dependent, giving a
disturbance to the geomagnetic field that we call a magnetic
storm [e.g. Lui , 2000] and that can be prominently manifest
in the magnetogrms of ground-based magnetic observato-
ries [e.g. McPherron, 1995]. In data from low-latitude mag-
netic observatories the most obvious storm-time signature is
a general reduction in the intensity of the horizontal compo-
nent of the magnetic field [see, for example, the early papers
by van Bemmelen, 1900; Chapman, 1927]. This effect is in-
ferred to be due to a storm-time, magnetospheric electric
current that encircles the Earth in the equatorial plane, gen-
erally flowing in the westward direction [e.g. Daglis et al.,
1999], although it is also widely recognized that this is a
simplistic depiction of what is really only a part of a com-
plex current continuum. The degree of diminution of the
surface horizontal intensity, such as caused by a ring cur-
rent, is regarded as a fundamental measure of the intensity
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of a magnetic storm [e.g. Gonzalez et al., 1994; Kozyra and
Liemohn, 2003]. And theoretical work confirms that the
storm-time diminution of horizontal intensity recorded at
low-latitude observatories can be reasonably interpreted in
terms of the energy content of a magnetospheric ring current
[Dessler and Parker , 1959; Sckopke, 1966],

It is important, therefore, to accurately measure low-
latitude, ground-level magnetic disturbance. An early and
ambitious program for doing just that was undertaken by
Vestine et al. [1947], whose efforts were first motivated by
the necessity to avoid magnetically-disturbed data when
mapping the main field, but where digression was made to
better describe magnetic disturbance for purposes of scien-
tific understanding. Subsequently, and in response to the
International Geophysical Year (IGY), Sugiura [1964] de-
veloped what is now the standard method for measuring
low-latitude disturbance, the Dst index that is now contin-
uously calculated by the Kyoto World Data Center. Over
the years, the details of the Dst calculation method has
been revised [Sugiura and Hendricks, 1967; Sugiura and
Poros, 1971], but the basic philosophy has remained the
same: Subtract a time-dependent, quiet-time baseline from
the magnetic-observatory data, and, then, average the re-
maining disturbance fields from several observatories. Un-
fortunately, estimating the quiet-time baseline is not easy,
and this fact has motivated alternative proposals for measur-
ing low-latitude [Kertz , 1964]. Despite these difficulties, the
Dst index has become an almost indispensable diagnostic
for the space weather community, and there are also efforts
predict Dst for operational applications [e.g. McPherron and
O’Brien, 2001]. Recently, Karinen and Mursula [2005] have
constructed a long Dst time series, one that overlaps with
that inititated by Sugiura et al.. Although Karinen and

1


