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In August 1985 the International Association of Geomagnetism and Aeronomy revised the International Geomag-
netism Reference Field (IGRF). This is the third revision since the first IGRF was produced in 1968. The revised
IGRF now consists of 10 spherical harmonic models of the main geomagnetic field and its secular variation and covers
the interval 1945-1990. For the interval 1965-1980 the constituent models are definitive (DGRFs), in the sense that it
is not intended to revise them in the future. A brief description of the derivation of the revised IGRF is given, together
with a brief review of basic formulae and a set of world contour maps of the geomagnetic elements for 1985.

1. Introduction

In August 1985 the International Geomagnetic
Reference Field (IGRF) was revised by Working
Group I-1 (Analysis of the main geomagnetic field
and secular variations) of the International As-
sociation of Geomagnetism and Aeronomy
(IAGA). The revised version, the fourth genera-
tion of the IGRF, now provides a means of gener-
ating values of the geomagnetic elements for the
interval 1945-1990.

The IGREF is a description of the main geomag-
netic field and its secular variation in terms of 10
spherical harmonic models. Of these, nine describe
the main field at epochs 5 years apart from 1945
to 1985 and the tenth describes the predicted
secular variation of the field for the interval
1985-1990. The models for 1965, 1970, 1975 and
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1980 are definitive models (DGRFs), in the sense
that it is not planned to revise them in the future.
The three earlier DGRFs are identical with the
DGREFs for these epochs in the third generation
IGRF (Peddie, 1982).

The main field is that part of the total geomag-
netic field that originates within the Earth, but
excluding the field due to magnetic material in the
crust and also the field caused by internal electric
currents induced by external magnetic fields. The
IGREF is thus intended to describe that part of the
geomagnetic field whose sources lie, according to
present ideas, within the Earth’s fluid core.

A comprehensive account of the history of the
IGRF since its introduction in 1968 has been
given by Peddie (1982), together with a discussion
of how the first three generations are interrelated.
We shall therefore concentrate here on the most
recent revision. After a brief description of how
the fourth generation IGRF was produced from
the candidate models submitted, a brief review of
the basic formulae will be given.
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2. The third generation IGRF

The original plans for the production of the
fourth generation IGRF, as formulated by Work-
ing Group I-1 in 1983, called for the adoption of
definitive main-field models (DGRFs) for 1945,
1950, 1955, 1960 and 1980, a main-field model for
1985 and a secular-variation model for the interval
1985-1990 (the latter two constituting IGRF
1985). The maximum degree and order (n*) of the
spherical harmonic models was planned to be 10
for the main-field models and eight for the secu-
lar-variation model.

Five groups (the Institute of Terrestrial Mag-
netism, Ionosphere and Radio Wave Propagation
(IZMIRAN) in the U.S.S.R., the National
Aeronautics and Space Administration (NASA),
the U.S. Geological Survey (USGS) and the U.S.
Naval Oceanographic Office (USNOQO) in the
U.S.A. and the British Geological Survey (BGS) in
the U.K.) submitted a total of 23 candidate mod-
els. Table I summarizes these models. It will be

TABLE 1
The IGRF candidate models

seen that some of the earlier main-field models
were truncated at n* = §, rather than 10 as speci-
fied. With the exception of the GSFCMF A series
of models, which have already been described by
Langel et al. (1986), and the GSFCMF80 model,
which has been described by Langel and Estes
(1985), details of all the candidate models are
given in the five papers that immediately follow
this introduction.

The next group of eight papers describe assess-
ments of the accuracy of some or all of the
candidate models. Other assessments have been
made by An et al. (1985) and by Kuhn et al.
(1985). In deciding on the revised IGRF, Working
Group I-1 took account of the results of all these
assessments,

The fourth generation IGRF does not exactly
conform to the specification laid down in 1983.
Firstly, it became clear that all the candidate
main-field models for 1945, 1950, 1955 and 1960
were capable of significant improvement. The
truncation level of n* = 8 for several of them is a

Epoch Model name n* Authors

1945 GSFCMF45A S45 8 Langel et al. (1986)

1945 GSFCMF45B SFA45 8 Langel and Estes (1987)

1945 GSFCMF45C SFAS45 10 Langel and Estes 1987)

1950 GSFCMF50A S50 8 Langel et al. (1986)

1950 GSFCMF50B SFAS50 8 Langel and Estes (1987)

1950 GSFCMF50C SFAS50 10 Langel and Estes (1987)

1950 BGSMF50 10 Barraclough and Kerridge (1987)
1955 GSFCMF55A S55 8 Langel et al. (1986)

1955 GSFCMF55B SFAS5 8 Langel and Estes (1987)

1955 GSFCMF55C SFASSS 10 Langel and Estes (1987)

1960 GSFCMF60A S60 8 Langel et al. (1986)

1960 GSFCMF60B SFA60 8 Langel and Estes (1987)

1960 GSFCMF60C SFAS60 10 Langel and Estes (1987)

1960 BGSMF60 10 Barraclough and Kerridge (1987)
1980 GSFCMF80 GSFC(12/83) 10 Langel and Estes (1985)

1980 USNOOMF80 10 Quinn et al. (1987)

1980-1985 BGSSV82 8 Quinn et al. (1987)

1980-1985 1ZMSV82 8 Golovkov and Kolomiitseva (1987)
1985 USGSMF85 MF-85 10 Peddie and Zunde (1987)

1985 USUKMF85 10 Quinn et al. (1987)

1980-1990 USGSSV87 SV-85 8 Peddie and Zunde (1987)
1985-1990 BGSSV87 8 Barraclough and Kerridge (1987)
1985-1990 1ZMSV87 8 Golovkov and Kolomiitseva (1987)

2 Where two model names are given, the second is that originally given by the authors.
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reflection of this. It was therefore decided not to
designate the constituent IGRF models for these
epochs as DGRFs. It is hoped to adopt DGRFs
for these four epochs at the next IAGA meeting in
1987.

Secondly, the derivation of the main-field model
for 1985 differed slightly from that planned. The
procedure used was as follows. Having decided on
the DGRF for 1980, we selected the best
secular-variation model for the interval 1980-1985.
The IGRF 1985 was then produced by adding 5
years of this secular variation to the DGRF 1980
coefficients.

The results of the revision process that pro-
duced the fourth generation IGRF are as follows.
The main-field models for 1945, 1950 and 1955
are the three GSFCMF B series models for these
three epochs. It should be noted that these three
(non-definitive) IGRFs extend only to n* = 8.
The main-field model for 1960 is the BGSMF60
model (r* =10). The DGRF 1980 model is the
GSFCMF80 (also known as GSFC (12/83))
model, truncated at n* = 10. The main-field model
for 1985 was produced, as described above, from
the DGRF 1980 and a secular-variation model for
the interval 1980-1985. The secular-variation
model used is a mean of the BGSSV82, IZMSV82
and USGSSV87 models. Although this secular-
variation model extends only to n* = 8, the main-
field model extends to n* = 10. The degree 9 and
10 coefficients are thus identical to those of the
DGRF 1980. The predictive secular-variation
model for the interval 1985-1990 is a mean of the
BGSSV87, 1ZMSV87 and USGSSV87 models. It
is truncated at n* = 8.

The spherical harmonic coefficients of the 10
models that constitute the fourth generation IGRF
are given in Table II. They are in the Schmidt
quasi-normalized form (Chapman and Bartels,
1940) and refer to a sphere of radius 6371.2 km.

3. Review of basic formulae

It is assumed that the main geomagnetic field
can be expressed as the gradient of a scalar poten-
tial (V') which is the solution of Laplace’s equa-

tion
viV=0 (1)

In spherical polar coordinates, the solution of eq.
1 may be written as a series expansion in spherical
harmonics

v=a¥ ¥ (ayr)""

n=1m=0
x (g™ cos mA + k™ sin mA) P (cos 8) (2)

where 4 denotes the mean radius of the Earth
(6371.2 km), r the distance from the centre of the
Earth, 8 the geocentric colatitude, A the longitude,
P the associated Legendre polynomial (Schmidt
quasi-normalized) of degree n and order m and
g7 and A denote the spherical harmonic coeffi-
cients (in nT) that constitute the models that make
up the IGRF.

The geocentric components of the main geo-
magnetic field are derived by partial differentia-
tion of eq. 2

X' =(1/r)(3V,/28) (3a)
Y’ =(—1/r sin 8)(3V/3\) (3b)
Z'=av/dr (3¢)

where X’, Y’ and Z’ denote the northward, east-
ward and radially inward components, respec-
tively, of the field. (In the case of the secular
variation ¥V, X’, Y’, Z’ and the coefficients g
and A7 are to be regarded as representing the
time rates of change of the quantities referred to
above.)

It is often necessary to work in geodetic rather
than geocentric coordinates and to use field com-
ponents (X, Y, Z) referring to this coordinate
system. The usual procedure is, firstly, to convert
the geodetic coordinates 8 (colatitude), A (longi-
tude) and A (orthometric height above mean sea-
level) to geocentric coordinates. The geocentric
field components (X', Y’, Z’) are computed from
eqs. 3 and 4 and are then converted back to
geodetic field components (X, Y, Z). In these
conversions the Earth is assumed to be an oblate
spheroid. For the purposes of the IGRF, the Inter-
national Astronomical Union (1966) ellipsoid is
recommended. It has an equatorial radius (a) of
6378.16 km and a reciprocal flattening (1/f) of
298.25.
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IGRF 1985

Fig. 9. East component (Y) in nT.
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The equations for the conversion from geodetic
to geocentric coordinates are

r=[h(h+2p)(a* sin@’ + b* cos?9’ ) /p*] "
cos = cos 8" -cos 8 —sin #’ - sin
sin @ =sin 8’ - cos 8 + cos 8’ - sin ¢
where
p=(a? sin@’ + b* cos?9’)'"?
cos 8= (h+p)/r
sin 8§ = (a?—b*)-cos 8’ -sin 8’ /pr
Here b denotes the polar radius of the ellipsoid
(=all—f],and 6=6-10".
The other geomagnetic elements (declination
(D), inclination (1), horizontal intensity (H) and

total intensity (F')) can be computed using the
following relations

D = arctan(Y/X) (4a)
I'=arctan(Z/H) (4b)
H=(Xx+7v?)? (4c)
F=(X*+Y2>+2Z%)"? (4d)

When computing values of the geomagnetic ele-
ments for dates between 1945 and 1985 that do
not coincide with the epochs of the main-field
models, linear interpolation between the two
main-field models for the epochs immediately be-
fore and immediately after the desired date is to
be used. For dates between 1985 and 1990, the
main-field model for 1985 and the predictive secu-
lar-variation model for the interval 1985-1990 are
to be used. When calculating the elements that are
not linear functions of the spherical harmonic
coefficients (D, I, H, F), the components X, Y,
Z must first be calculated using linear interpola-
tion. The non-linear elements are then computed
from these values using egs. (4a—d).

Global contour maps of the values at sea-level
and at 1985.0 for the geomagnetic elements D, I,
H, X, Y, Z and F are shown in Figs. 1-14. They
are based on IGRF 1985 and are taken from
Barraclough and Kerridge (1986), who also in-
clude tables of grid-point values.

The IGRF coefficients in computer-readable
form and computer programs for calculating
field-component values are available from the fol-
lowing Data Centres:

World Data Center A for Rockets and Satel-

lites, Code 601, NASA /Goddard Space Flight
Center, Greenbelt, MA 20771, US.A.

World Data Center A, National Oceanic and
Atmospheric Administration, NESDIS/NGDC
(E/GC11), 325 Broadway, Boulder, CO 80303,
U.S.A.

World Digital Data Centre C1, British Geologi-
cal Survey, Murchison House, West Mains Road,
Edinburgh EH9 3LA, U.K.
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