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1.INTRODUCTION

The Earth’s magnetic field changes on timescales
from seconds to hundreds of millions of years. On the
one hand, these changes in the field, which result from
processes occuring both inside and outside the Earth,
greatly complicate the process of providing reference
models of the magnetic field; but on the other hand the
temporal variations of the field, in particular those on
periods of a few years and longer and predominantly of
internal origin (the secular variation), provide us with
one of the few available probes of the dynamics of the
Earth’s deep interior. Much of the effort that is cur-
rently invested in geomagnetic research is aimed at ex-
ploiting this potential, but this should not suggest that
other applications are limited. The geomagnetic field is
of great importance in fields as diverse as mineral ex-
ploration, long-range radio communications, cosmic ray
physics, and, of course, navigation.

Largely because of its importance to navigation, ob-
servations of the magnetic field have been made for
well over 500 years, and observations that are useful
for mapping the global magnetic field date back almost
400 years. The very large number of observations that
have accumulated over this period are reduced to form
reference maps. These maps are important for a broad
spectrum of practical and scientific endeavours, ranging
from navigation of ships and aircraft to studies of the
dynamo process in the core which is responsible for the

J. Bloxham, Department of Earth and Planetary Science,
Harvard University, 24 Oxford Street, Cambridge, MA 02138

Global Earth Physics
A Handbook of Physical Constants
AGU Reference Shelf 1

Copyright 1995 by the American Geophysical Union.

generation of the Earth’s magnetic field. We begin by
summarizing the available data; then we review the var-
ious reference fields that are available; following this, we
discuss the basic morphology of the field and its secular
variation; and conclude by considering some of the in-
ferences that may be drawn from maps of the field on
the dynamical regime of the fluid core.

For a comprehensive recent review of geomagnetism
we refer the reader to the first two volumes of Jacobs’
Geomagnetism: of particular relevance are the chapters
by Langel [18] and by Gubbins and Roberts [11].

2. MAGNETIC FIELD OBSERVATIONS

Over the last five hundred years, the technology of
magnetic field measurement has progressed from the
simplest magnetic compass to high resolution satellite
measurements. In this section, we briefly discuss the
various types of magnetic field measurements that are
encompassed by this range of technology.

Rather than attempting a comprehensive review of
geomagnetic observations {for which, see [19]), we aim
instead to guide the reader towards the relevant litera-
ture and data archives. We do so by dividing our treat-
ment into two parts: first we consider modern data,
which we use to describe 20th Century data; and sec-
ond histroical, or pre-1900 data.

The magnetic field is a vector quantity, so to describe
it fully at a point in space three orthogonal components
must be measured. For example, the three orthogo-
nal components X, Y, and Z corresponding to the local
north, east and vertically downward directions, could be
measured as shown in Figure 1. Instead, other compo-
nents are often measured, such as the magnetic decli-
nation (D), the magnetic inclination (I), the horizontal



components of the field in the local geodetic coordinate
system.

Magnetic survey and repeat station data greatly ex-
pand the geographical coverage of magnetic observa-

is incomplete, and it is likely that a substantial num-
ber of measurements remain to be included. The data
available are summarised in Table 1. For more complete
accounts of the problems associated with using histori-






















































