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l.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 
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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 Lange1 [18] and by Gubbins and Roberts [ll]. 

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 2 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 
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Fig. 1. Geomagnetic field elements. 

field intensity (H), or the total field intensity (F). Ob- 
servations of three oriented orthogonal components of 
the field at a point in space are commonly referred to 
as vector observations; other observations are referred 
to as scalar measurements. 

2.1. Modern Data 
The first magnetic observatory was established over 

150 years ago. Since then, a large number of observa- 
tories have been founded, many of which have subse- 
quently closed or relocated. The present network of 
permanent magnetic observatories represents an invalu- 
able source of information on the secular variation. 

For mapping the main field (the part of the geomag- 
netic field originating in the Earth’s core) and the sec- 
ular variation magnetic observatory data are normally 
reduced to an annual mean, generally the mean of all 
hourly means during a given year. This averaging re- 
moves much of the contamination,due to external field 
variations, though contamination from solar cycle vari- 
ations remains as a leading source of noise in the rate- 
of-change of field at some observatories. In addition 
a large quasi-stationary offset is present due to the lo- 
cal crustal field at the observatory site. This offset has 
been the subject of much attention, especially recently 
[16,23]. Generally the data are further reduced to yield 
the X (north), Y (east), and 2 (vertically downward) 
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- 

tions, especially in the period prior to satellite obser- 
vations. Repeat station data, observations made at in- 
tervals typically of a few years at the same site, lack the 
control of permanent magnetic observatory data (since 
the site is occupied at most for only a few days at a 
time) but are still of importance for tracking the secular 
variation. Repeat station data are reviewed by Barton 

PI. 
Survey data on the other hand are observations made 

with no attempt to re-occupy sites at which observa- 
tions were made previously. Although much of the mo- 
tivation behind magnetic surveys is to map the crustal 
field, these data are of great use in mapping the global 
magnetic field. Land based survey data are reviewed 
by Barraclough and Macmillan [2]; marine survey data 
by Sharman and Metzger [24]; and aeromagnetic survey 
data for main field modelling by Coleman [lo] and Hood 
[I31. 

The first satellite measurements of the field were 
made almost 25 years ago by Sputnik 3. Near global 
coverage was achieved with the POGO series of satel- 
lites from 1965 to 1971, which measured the total field 
intensity; Magsat in late 1979 and early 1980 achieved 
near global measurement of 3 orthogonal components of 
the field. Magsat remains unsurpassed in the quality 
of data provided, although several more recent satel- 
lite missions have provided useful data. These include 
the DE2 satellite in 1982, and the POGS satellite (part 
of the U.S. Defense Meteorological Satellite Program) 
launched in 1990. Satellite data are reviewed by Lange1 
and Baldwin [21]. 

2.2. Historical Data 
The last decade has seen a resurgence of interest in 

using historical measurements of the field to extend the 
timescale over which the field can be studied; a recent 
review is given by Jackson [17]. Adequate observations 
exist for mapping the global magnetic field back to the 
17th century. These observations consist mostly of ma- 
rine survey data early in the period, with an increasing 
number of land based survey measurements and some 
permanent magnetic observatory measurements later in 
the period. Many problems are encountered with these 
data, especially owing to the uncertainty in the geo- 
graphical coordinates of the observation points, a prob- 
lem that was especially great prior to the advent of reli- 
able chronometers for the determination of longitude in 
1768. Despite much work, the compilation of these data 
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- 




































