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ABSTRACT 
 
The 10th generation International Geomagnetic 
Reference Field (IGRF-10) model has been 
exploited to predict the geomagnetic elements 
and annual changes for Nigeria. The predicted 
values represent the mean for the year 2009.0 at 
altitude 0.00km.The predicted total intensity (F), 
horizontal intensity (H), declination (D), and the 
inclination (I) are compatible with values at 
magnetic equator where Nigeria is located. This 
approach of isolating the regional background 
field is consistent, globally accepted and serves 
as an important source of information about 
magnetic fields in Nigeria. The geomagnetic 
elements will be useful for geomagnetisians who 
are interested in isolating regional magnetic field 
from observed data and for exploration 
geophysicist whose interest is locating magnetic 
anomalies.   
 

(Keywords: international, geomagnetic, intensity, 
generation, reference, spherical) 

 
 
INTRODUCTION 
 
The International Geomagnetic Reference Field 
(IGRF) is a series of mathematical models of the 
Earth’s main field and its annual rate of change 
(Maus et al., 2005a). The IGRF is an 
Internationally agreed-to series of global 
spherical harmonic models of the Earth’s 
magnetic field whose sources are mainly in the 
earth’s core (Macmillan and Maus, 2005). The 
IGRF allows numerical values of the 
geomagnetic field vector to be calculated 
anywhere from the earth’s core out into space. It 
is the product of a collaborative effort between 
magnetic field modelers and the institutes 
involved in collecting and distributing magnetic 
field data from satellites, observatories and 
surveys around the world.  The idea of IGRF 
originated from the discussion in respect of the 

presentation of the results of the World Magnetic 
Survey (WMS).  
 
The WMS was a mandate of the International 
Geophysical year which during 1957-1969, 
encouraged magnetic surveys on land, at sea, in 
the air, and from satellite (Zmuda, 1971). The 
body also has additional responsibility of 
collecting and analyzing the results. A proposal 
was made in 1960 by the Committee of WMS 
and IAGA (International Association of 
Geomagnetism and Aeronomy) that the various 
results of the WMS should be applied to 
spherical harmonic analysis.  This proposal was 
accepted and the first IGRF was ratified by IAGA 
in 1969.  Therefore, the IGRF models uses the 
well known spherical harmonic expansion of the 
scalar potential in geocentric/geodetic 
coordinates and the model coefficients are 
based on all available data sources from 
geomagnetic measurements from observatories, 
ships, aircrafts and satellites.  
 
The IGRF is modified every five years under the 
auspices of the IAGA. The model coefficients 
could be definitive (Table1) in which no further 
revisions are expected.  It is wrong to use the 
term IGRF without specifying the generation. 
This is important so that the actual coefficients 
used can be accurately established. 
 
Measurements of the magnetic fields of the 
Earth are used extensively to explore its 
structure, particularly in the search for solid 
minerals, hydrocarbons, and other resources of 
economic value. Due to the large mineral 
potential of Nigeria, geoscientists from 
academia, government agencies, and some 
private investors have frequently collected 
magnetic data either on the ground or in the air. 
Airborne magnetic surveys cover substantial 
amounts of area in a short time, providing a 
large amount of data that needs to be analyzed 
and interpreted.  
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Table 1: Summary of Nomenclature and IGRF History (IAGA, 2005).
 

 
 
 
One of the important stages in the analyses of 
potential field (magnetic and gravity) data is the 
removal of a background (regional) field from the 
observations that approximates the field whose 
sources are in the earth’s core. Different 
background field techniques are usually exploited 
which are common in geophysical literature. 
Some of the techniques available in the 
geophysical literature for isolating regional fields 
include: filtering approach (e.g., Chakraborty and  
Agarwal, 2006; Syberg, 1972; Zurflueh, 1967); 
relaxation technique (e.g., Agarwal and Sivaji, 
2006); upward continuation (e.g., Jacobsen, 
1987); wavelets technique (e.g., Fedi and Quarta, 
1998), and other methods (e.g., Wessel, 1998; 
Nettleton, 1954).  
 
The use of different background fields for different 
surveys coupled with the fact that surveys are 
recorded at different times sometimes with 
different parameters, techniques and 
specifications introduces difficulties especially 
when adjacent surveys have to be combined. 
There is also an additional problem of very poor 
spatial distribution of magnetic observatories in 
Nigeria which would have been an important 
source of information about magnetic fields. Only 
one magnetic observatory exits in Nigeria and it is 
located at Kaduna (latitude 100 18’ and longitude 
70 30’). It, therefore, becomes imperative to use 
an internationally agreed global model 
representing the field from the core to solve the 

above problems. The 10th generation 
international geomagnetic reference field (IGRF-
10) model became very useful for this purpose. 
 
 
THEORY AND METHODOLOGY   
 
Theory: The mathematical models of the 
earth’s main magnetic field and its secular 
variation comprises a set of spherical 
harmonic (or Gauss) coefficients,   and 

 in a series expansion of the geomagnetic 
potential (Barton, 1997).  The negative 
gradient of a scalar potential v can be 
represented by a truncated series expansion 
(Equation 1); where r,

gn
m

hn
m

λθ , are geocentric 
coordinates (r is the distance from the centre 
of the earth, θ  is the colatitude and λ  is the 
longitude), R is a reference radius 
(6371.2km);  ( )Pn

m θ  are the Schmidt semi – 
normalized associated Legendre functions of 
degree, n and order, m. An interesting 
characteristic of the geomagnetic field is its 
variance as a function of spherical harmonic 
degree (Maus,  2008).The full vector of the 
magnetic field defined in Fig.1 can be 
obtained from a simple set of spherical 
harmonic coefficient of a scalar magnetic 
potential (Maus, 2006). 
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Full Name Short Name Valid for: Definitive for: 

IGRF 10th generation (revised 2004) IGRF-10 1900.0-2010.0 1945.0-2000.0 
IGRF ninth generation (revised 2003) IGRF-9 1900.0-2005.0 1945.0-2000.0 
IGRF eighth generation(revised1999) IGRF-8 1900.0-2005.0 1945.0-1990.0 
IGRF seventh generation(revised 1995) IGRF-7 1900.0-2000.0 1945.0-1990.0 
IGRF sixth generation (revised 1991) IGRF-6 1945.0-1995.0 1945.0-1985.0 
IGRF fifth generation (revised 1987) IGRF-5 1945.0-1990.0 1945.0-1980.0 
IGRF fourth generation (revised1985) IGRF-4 1945.0-1990.0 1965.0-1980.0 
IGRF third generation (revised 1981) IGRF-3 1965.0-1985.0 1965.0-1975.0 
IGRF second generation (revised 1975) IGRF-2 1955.0-1980.0           - 
IGRF first generation (revised 1969) IGRF-1 1955.0-1975.0           - 

]    (1) 
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Figure 1: Definition of the Geomagnetic Field Elements: Inclination (I), Declination (D), Total 
Intensity (F), North Component (X), East Component (Y), and Down Component (Z) (Langel, 1987). 
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Methodology: The IGRF-10 (the 10th Generation 
standard main field model) which is the latest 
model adopted by the (IAGA) was used to 
compute the various geomagnetic element (F, Z, 
H, X, Y, I, D) and secular variation (dF, dZ, dH, 
dX, dY, dI, dD) 1o by 1o for Nigeria.  This is a 
degree and order 13 models for 2005 – 2010 with 
models for 1900 forward enabling computation of 
the main field for dates between January 1, 1900 
and January 1, 2010. Some of the candidate 
models for the 10th generation IGRF are 
available in literature (Lesur et al., 2005; Maus et 
al., 2005b; Maus et al., 2005c). 
 
Geomag 6.1 was used to predict the various 
magnetic elements and their secular variations 1o 
by 1o for Nigeria for the year, 2009. The software 
requires date in decimal year or in month and 
day. The program could be used in two ways 

depending on whether the predicted geomagnetic 
elements are referenced to the world Geodetic 
system, 1984 (WGS 84) or geocentric latitude 
and longitude.  If geodetic coordinates is 
specified, then the height in kilometers above sea 
level is required.  If the geocentric coordinates is 
specified, then the geocentric distance in 
kilometers is required.  The program then 
calculates the geomagnetic field values and their 
rates of change (secular variation) depending on 
the option selected at the position and the time 
specified and displays the results on the screen.   
 
We preferred the WGS 84. It is now 
recommended to use the World Geodetic system, 
1984 (WGS 84) when specifying the IGRF in 
geodetic coordinates (Maus et al., 2005a).  This 
option enabled the computation of geomagnetic 
elements at altitude 0.00km (sea level). Most 



potential field data (e.g. gravity) are reduced to 
sea level; although any potential field data can be 
vertically continued. 
 
 
RESULTS AND DISCUSSION 
 
The results of the various geomagnetic elements 
and their secular variations are presented in 
Tables 2 – 8. While the north component (X) 
increases towards the north, its secular variation 
increases towards the south.  The declination (D) 
and its secular variation follow the same pattern. 
The inclination/angle of dip (I) and its rate of 
change increases towards the north with higher 
values in the northeast. The total field intensity (F) 
increases generally to the north with higher 
values in the northeast and lowest values in the 
southwest. The annual change for the total 
intensity displays a general increase from south 
to north; however, the values in the northwest are 
higher than the northeasterly values.  
 
The horizontal magnetic intensity (H) and its 
secular variation follow the same pattern as total 
intensity and its annual change.   The total field 
intensity (Table 2) is almost comparable with the 
horizontal field intensity (Table 3).  This could be 
understood from Equation (7).  Nigeria is located 
in magnetic equator where the earth’s magnetic 

field is horizontal. That is, where the line of zero 
inclination (Z = 0) is never more than 15o from the 
equator (Telford et al., 1976).  The very low 
values of the vertical intensity (Z) as compared to 
the total intensity (F) and horizontal intensity (H) 
can be accounted for in equation (8).  This implies 
that (Z) can only attain its higher values at the 
poles where I, tends to 90o.  This property, 
inclination (I) of the earth’s magnetic field is, 
therefore, important.  This property has 
application in exploration geophysics where 
magnetic anomalies are the main target.  In this 
case, the earth’s field inclination is first 
considered because this is the only direction of 
the components of any local magnetic anomalies 
which is measured by a total field magnetometer 
(Breiner, 1973).   
 
The predicted values should not be compared to 
the real life data. The difference on the predicted 
and observed may be due to local crustal and 
induced fields as well as unmodeled external 
fields. There may also be some contributions from 
buildings, rail tracks, vehicles and induced current 
in the conducting earth. If you measure the 
magnetic field at a point in the earth’s surface, do 
not expect to get the value predicted by the IGRF 
(IAGA, 2005). 
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CONCLUSION 
 
The geomagnetic field model for the year, 2009.0 
and the associated secular variation model at 
altitude 0.00km have been produced for Nigeria.  
The model is based on predicted annual mean 
and secular variation determined from the 10th 
generation International Geomagnetic reference 
field (IGRF- 10).  This model provides a reliable 
description of the main field.  The predicted values 
will be useful to geomagnetisans who are involved 
in geomagnetic modeling and to exploration 
geophysicist whose interest is locating magnetic 
anomalies.  
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