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In August 1985 the InternationalAssociationof Geomagnetismand Aeronomyrevised theInternationalGeomag-
netism ReferenceField (IGRF). This is the third revision since the first IGRF was producedin 1968. The revised
IGRF now consistsof 10 sphericalharmonicmodelsof themain geomagneticfield andits secularvariationandcovers
theinterval 1945—1990.For theinterval 1965—1980the constituentmodelsaredefinitive (DGRF5), in thesensethat it
is not intendedto revisethem in thefuture.A brief descriptionof thederivationof therevisedIGRF is given,together
with a brief review of basicformulaeand a set of world contourmapsof thegeomagneticelementsfor 1985.

1. Introduction 1980 are definitive models(DGRFs), in the sense
that it is notplannedto revisethemin the future.

In August 1985 the InternationalGeomagnetic The three earlier DGRFs are identical with the
ReferenceField (IGRF) was revisedby Working DGRFs for theseepochsin the third generation
GroupI-i (Analysisof the main geomagneticfield IGRF (Peddie,1982).
and secular variations) of the International As- The main field is that partof the totalgeomag-
sociation of Geomagnetism and Aeronomy netic field that originateswithin the Earth, but
(IAGA). The revised version, the fourth genera- excludingthe field dueto magneticmaterialin the
tion of the IGRF, now providesa meansof gener- crust andalso the field causedby internal electric
ating valuesof the geomagneticelementsfor the currentsinducedby externalmagneticfields. The
interval 1945—1990. IGRF is thusintendedto describethatpart of the

The IGRFis a descriptionof the main geomag- geomagneticfield whosesourceslie, accordingto
netic field andits secularvariation in termsof 10 presentideas,within the Earth’sfluid core.
sphericalharmonicmodels.Of these,nine describe A comprehensiveaccountof the history of the
the main field at epochs5 years apartfrom 1945 IGRF since its introduction in 1968 has been
to 1985 and the tenth describesthe predicted given by Peddie(1982), togetherwith adiscussion
secular variation of the field for the interval of how the first threegenerationsare interrelated.
1985—1990.The modelsfor 1965, 1970, 1975 and We shall thereforeconcentratehere on the most

recent revision. After a brief description of how
the fourth generationIGRF was producedfrom

* Chairman,Working GroupI-i, InternationalAssociationof the candidatemodelssubmitted,a brief review of
Geomagnetismand Aeronomy. the basicformulaewill be given.
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2. The third generationIGRF seenthat some of the earlier main-field models
were truncatedat n * = 8, ratherthan 10 asspeci-

The original pians for the production of the fied. With the exceptionof the GSFCMFA series
fourth generationIGRF, as formulatedby Work- of models,which havealreadybeendescribedby
ing Group I-i in 1983, called for the adoptionof Langelet al. (1986), and the GSFCMF8Omodel,
definitive main-field models (DGRF5) for 1945, which has been describedby Langel and Estes
1950,1955,1960 and1980,a main-field model for (1985), details of all the candidatemodels are
1985anda secular-variationmodelfor the interval given in the five papers that immediately follow
1985—1990 (the latter two constituting IGRF this introduction.
1985).The maximumdegreeandorder (n *) of the The next groupof eight papersdescribeassess-
sphericalharmonicmodelswas plannedto be 10 ments of the accuracy of some or all of the
for the main-field models and eight for the secu- candidatemodels. Other assessmentshave been
lar-variationmodel, madeby An et al. (1985) and by Kuhn et al.

Five groups (the Institute of Terrestrial Mag- (1985). In decidingon the revisedIGRF, Working
netism, Ionosphereand Radio WavePropagation Group I-i took accountof the resultsof all these
(IZMIRAN) in the U.S.S.R., the National assessments.
Aeronauticsand SpaceAdministration (NASA), The fourth generationIGRF does not exactly
the U.S. GeologicalSurvey(USGS) and the U.S. conform to the specificationlaid down in 1983.
Naval OceanographicOffice (USNOO) in the Firstly, it becameclear that all the candidate
U.S.A. andthe British GeologicalSurvey(BGS) in main-field modelsfor 1945, 1950, 1955 and 1960
the U.K.) submitteda total of 23 candidatemod- were capable of significant improvement. The
els. Table I summarizesthesemodels. It will be truncationlevel of n * = 8 for severalof them is a

TABLE I

The IGRF candidatemodels

Epoch Modelnamea n * Authors

1945 GSFCMF45AS45 8 Langelet al. (1986)
1945 GSFCMF45BSFA45 8 Langeland Estes(1987)
1945 GSFCMF45CSFAS45 10 Langeland Estes1987)
1950 GSFCMF5OAS50 8 Langelet al. (1986)
1950 GSFCMF5OBSFA5O 8 Langeland Estes(1987)
1950 GSFCMF5OCSFAS5O 10 Langeland Estes(1987)
1950 BGSMF5O 10 Barracloughand Kerridge(1987)
1955 GSFCMF55AS55 8 Langelet al. (1986)
1955 GSFCMF55BSFA55 8 Langeland Estes(1987)
1955 GSFCMF55CSFAS55 10 Langeland Estes(1987)
1960 GSFCMF6OAS60 8 Langelet al. (1986)
1960 GSFCMF6OBSFA6O 8 LangelandEstes(1987)
1960 GSFCMF6OCSFAS6O 10 LangelandEstes(1987)
1960 BGSMF6O 10 BarracloughandKerridge(1987)
1980 GSFCMF8OGSFC(12/83) 10 LangelandEstes(1985)
1980 USNOOMF8O 10 Quinn etal. (1987)
1980—1985 BGSSV82 8 Quinnetal. (1987)
1980—1985 IZMSV82 8 Golovkov and Kolomiitseva(1987)
1985 USGSMF85MF-85 10 PeddieandZunde(1987)
1985 USUKMF85 10 Quinnetal. (1987)
1980—1990 USGSSV87SV-85 8 PeddieandZunde(1987)
1985—1990 BGSSV87 8 BarracloughandKerridge(1987)
1985—1990 IZMSV87 8 Golovkov andKolomiitseva(1987)

a Wheretwo model namesaregiven, thesecondis that originally givenby theauthors.
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reflectionof this. It wasthereforedecidednot to tion
designatethe constituentIGRF models for these ~

2v= �1 (1)
epochsas DGRFs. It is hopedto adopt DGRFs
for thesefour epochsat the next IAGA meetingin In sphericalpolar coordinates,the solution of eq.
1987. 1 maybewritten as a seriesexpansionin spherical

Secondly,the derivationof themain-field model harmomcs
for 1985 differed slightly from that planned.The — N “ ~

procedureusedwasas follows. Havingdecidedon — a n—i m = ø~ / /

the DGRF for 1980, we selected the best en

secular-variationmodelfor theinterval 1980—1985. x (g~cos mA + h~sin mA)P~(cos9) (2
The IGRF 1985 was then producedby adding 5 where a denotesthe mean radius of the Earth
yearsof this secularvariationto the DGRF 1980 (6371.2km), r the distancefrom the centreof the
coefficients. Earth, 9 the geocentriccolatitude,A the longitude,

The results of the revision processthat pro- P,~the associatedLegendrepolynomial (Schmidt
ducedthe fourth generationIGRF areas follows, quasi-normalized)of degreen and order m and
The main-field models for 1945, 1950 and 1955 g~and h~’denotethe sphericalharmoniccoeffi-
are the threeGSFCMF B seriesmodelsfor these cients(in nT) thatconstitutethe modelsthat make
threeepochs.It shouldbe noted that thesethree up the IGRF.
(non-definitive) IGRFs extend only to n * = 8. The geocentriccomponentsof the main geo-
The main-field model for 1960 is the BGSMF6O magneticfield are derivedby partial differentia-
model (n * = 10). The DGRF 1980 model is the tion of eq. 2
GSFCMF8O (also known as GSFC (12/83)) x’ = (1/r)(aV/89) (3a)
model truncatedat n * = 10.Themain-field model

- Y’=(—l/rsino)(aV/aA) (3b)
for 1985 was produced,as descnbedabove,from
the DGRF 1980 anda secular-variationmodel for Z’ = 3V/3r (3c)
the interval 1980—1985. The secular-variation whereX’, Y’ and Z’ denotethe northward,east-
model used is a meanof the BGSSV82,IZMSV82 ward and radially inward components,respec-
and USGSSV87 models. Although this sec,~ilar- tively, of the field. (In the case of the secular
variationmodel extendsonly to n * = 8, the main- variation V, X’, Y’, Z’ and the coefficientsg,’,”
field model extendsto n * = 10. The degree9 and and h’ are to be regardedas representingthe
10 coefficientsare thus identical to thoseof the time ratesof changeof the quantitiesreferredto
DGRF 1980. The predictive secular-variation above.)
model for the interval 1985—1990is a meanof the It is often necessaryto work in geodeticrather
BGssv87,IZMSV87 and USGSSV87models. It thangeocentriccoordinatesand to use field com-
is truncatedat n * = 8. ponents (X, Y, Z) referring to this coordinate

The sphericalharmonic coefficientsof the 10 system.The usualprocedureis, firstly, to convert
modelsthatconstitutethe fourthgenerationIGRF the geodeticcoordinates9’ (colatitude), A (longi-
are given in Table II. They are in the Schmidt tude)and h (orthometricheight abovemeansea-
quasi-normalized form (Chapman and Bartels, level) to geocentric coordinates.The geocentric
1940) andreferto a sphereof radius6371.2km. field components(X’, Y’, Z’) are computedfrom

eqs. 3 and 4 and are then convertedback to
geodeticfield components(X, Y, Z). In these
conversionsthe Earthis assumedto be an oblate3. Review of basic formulae
spheroid.For the purposesof the IGRF, theInter-
national Astronomical Union (1966) ellipsoid is

It is assumedthat the main geomagneticfield recommended.It has an equatorialradius (a) of
can be expressedas the gradientof a scalarpoten- 6378.16 km and a reciprocalflattening (1/f) of
tial (V) which is the solution of Laplace’s equa- 298.25.
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PGRF 1985
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IGRF 1985
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IGRF 1985
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IGRF 1985
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IGRF 1985
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IGRF 1985

—ISO —ISO —120 —90 —50 —30 0 30 SO 90 120 150 ISO

I ~ ~, i~I~~ii~

5I~~90

—ISO —,50 —,20 —90 —SO —30 0 30 60 50 20 ISO ISO

ER CR1 U9

Fig. 13. Total intensity(F) in nT.

GRF 1985

—ISO —150 —120 —SO —60 —30 0 3 10 90 120 ISO ISO

~ _7___— ~,4_ -—

~ ~ (~ ~‘~‘ ~‘\ ~ ,1~_~ / a
40 —~- -~--— ‘ ~ ~ I /z____ ~

I” (‘ ~,~ ~,: ~ ,~,, ‘ 7I , ,: .~ ~ -

O ,~, - - - - / - - ‘I .

- “- ~-— ——, /4 F ~_ ~/ ‘ I , \ ~ -~ — \C I’)

~ ~ /~ \I~\~ TiiiiI~\ ~ /
.5 -F-i — --.5 -~- -~ — ~- ~- a—’ ~

-ISO -ISO —220 -50 -50 —30 0 39 50 55 120 ISO ISO

COCATO A

Fig. 14. Annualchangeof total intensity (F) in nT a
1.



292
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cal Survey,MurchisonHouse,WestMains Road,

p = (a2 sin2O’ + b2 cos20/)i~~’2 EdinburghEH9 3LA, U.K.

cos 6 = (h + p)/r

sin 6 = (a2 — b2) ‘cos 0’ - sin O’/pr Acknowledgement
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