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Abstract
The updated version of the ITalian Geomagnetic Reference Field (ITGRF) for 2000.0 and its secular variation model 
up to 2005.0 are presented in this paper. The main field model is based on a simple polynomial approximation in 
latitude and longitude of the geomagnetic field elements computed from IGRF on a 12° ¥ 11° grid centred over 
Italy. The annual means from L’Aquila observatory were used to determine the baseline level, imposing a constant 
observatory anomaly bias. This procedure gives a set of 6 coefficients every 5 years from 1960 to 2005 for the 
horizontal H, total field F, vertical Z and declination D elements of the geomagnetic field. The extrapolation of 
ITGRF to 2005 is based on an autoregressive forecasting of the L’Aquila observatory annual means. Comparison 
of the field values computed from the model with those recorded at the other Italian observatory (Castello Tesino) 
shows that the ITGRF improves the fit of the secular variation pattern with respect to the global IGRF model by 
a factor of 3. The ITGRF represents a reliable alternative to global models when reducing magnetic surveys to a 
common reference epoch over the Italian region.
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1.  Introduction

It is well known that regional models are 
more accurate than global models for describing 
the main features of the geomagnetic field over 
a limited region of the Earth. Global models, 
like the International Geomagnetic Reference 
Field (IGRF), are developed to represent mag-
netic features with wavelengths larger than 

regional dimensions, and they are not able 
to represent high spatial frequency magnetic 
features. Regional models, on the other hand, 
are obtained from data measured within the 
region of interest and they are constrained to 
represent the behaviour of the field only over 
this area without considering what is happening 
outside. They are therefore able to model shorter 
wavelengths.

Many countries have developed their own 
regional magnetic reference model, and several 
studies have been carried out to represent the 
behaviour of the geomagnetic field over limited 
regions, with areas covering from a few squared 
geographical degrees to continental scales. Dif-
ferent methods are used to generate the sets of 
coefficients that constitute such reference fields
(Haines, 1990), ranging from simple procedures 
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such as second degree polynomial fitting to more 
sophisticated techniques like the relatively new 
method of Spherical Cap Harmonic Analysis 
(SCHA; Haines, 1985) and its derivatives (De 
Santis, 1991a, 1992).

In the case of Italy, both simple and com-
plex methods have been applied during recent 
years to create a regional geomagnetic reference 
field. Molina and De Santis (1987) proposed a 
reference model based on a polynomial fitting.
This model, valid in its first version for the 
period 1965-1984, has been called the ITalian 
Geomagnetic Reference Field (ITGRF). In its last 
revision (De Santis, 1991b), the model was valid 
up to 1990 with a secular variation model until 
1995. The polynomial approximation was chosen 
because of its simplicity, and a second-degree 
polynomial was considered adequate to represent 
the field, following the empirical Bullard’s rule 
(Bullard, 1967; see also De Santis and Meloni, 
1991), and taking into account that the mean 
errors of the approximation were very low with 
respect to the corresponding IGRF model.

Another model is that created from the 
measurements taken at the different points of the 
Italian repeat station network. In Coticchia et al. 
(2001), a description of the field measurements 
and procedures, maps and data for the latest 
2000.0 Italian survey, can be found. By using 
the SCHA technique, De Santis et al. (1990) 
obtained a set of 100 coefficients able to represent 
the main features of the field with wavelengths 
down to 330 km. The main disadvantage of 
this method is the need for a computer with 
the appropriate software to obtain the values 
of the field at a given location and epoch, and 
this is sometimes is not available when carrying 
out magnetic surveys, where a simple reference 
model is more useful.

In this paper, we present an up-to-date version 
of the ITGRF which is valid for epochs from 
1960 to 2000 with a secular variation model 
valid until 2005. The model, characterised by 
a set of six coefficients for each element of the 
field for each five-year interval was produced by 
taking as the base level the L’Aquila observatory 
annual means and assuming a spatial gradient 
equal to that given by the IGRF. The ITGRF’s 
validity was checked by comparing its generated 
field values with real data not used during its 

development, such as the annual means of 
Castello Tesino observatory and the values of 
the Italian network of repeat stations.

2.  Data used and model generation

To a latitude-longitude grid of the IGRF 
values for the horizontal H and vertical Z
components, declination D and total intensity F
of the magnetic field for epochs 1960-2005, we 
fit a second-degree polynomial of the form

                 
       

          (2.1)

where E is the value of the considered element at 
latitude f and longitude l, and a0' , a1,..., a5 are the 
coefficients to be determined by the least squares 
technique. Latitude and longitude, expressed in 
degrees, are referred to a central point (12°E, 
42°N) of the area concerned. The coefficients
a1, a2 (in nT/degree) and a3, a4, a5 (in nT/degree2)
determine the spatial gradient for each element, 
and they are obtained assuming that the variation 
in the field values is that predicted by the IGRF; 
a0' (nT) represents the base level of the model, 
and it will be modified to a0 (see below) using the 
annual mean values for each element at L’Aquila 
observatory (AQU; 13.32°E, 42.38°N), in order 
to have the same difference between the model 
and AQU.

The spatial gradients of the ITGRF model 
are taken to be the same as those given by the 
IGRF because the latter is a global model based 
on a global data set and is therefore likely to 
represent these gradients well, avoiding boundary 
effects. This is not the case with regard to the 
absolute values of the field; so, for instance, a 
comparison of the values predicted by the IGRF 
with those measured at L’Aquila shows some 
clear differences (De Santis and Molina, 1988).

To correct the values at L’Aquila for the 
typical local anomaly  of the observatory, we de-
fine the coefficient a0 = a0' + e in order to satisfy, 
for each year, the following equality:

      
      (2.2)
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i.e. the field value EITGRF(AQU) generated by 
the ITGRF model at the location of L’Aquila 
observatory is equal to the observatory value 
E(AQU) corrected by an anomaly e. This anom-
aly is computed as the difference between the 
values of each element predicted by IGRF and 
those measured at L’Aquila for epoch 1979.0, 
when the global model was partly based on data 
measured by the Magsat satellite and is therefore 
expected to be one of the most accurate IGRFs 
(Peddie, 1982). Actually, Magsat was in orbit 
from November 1979 till June 1980, so the chosen 
epoch was only at the very beginning of the 
satellite data coverage. However, for the sake 
of continuity, following Molina and De Santis 
(1987), we have retained this epoch as the ref-
erence for the anomaly bias determination. The
resulting differences between the values com-
puted from the IGRF model and L’Aquila ob-
servatory annual means for 1979.0 were 13.2 nT 
for F, 32.0 nT for H, – 4.0 nT for Z, and – 4.4 
arcmin for D.

The input data for producing the model 
are the annual mean values for F, H, Z, and D
measured at L’Aquila observatory from 1960.5 
to 2000.5, obtained from the observatory year-
books. Annual mean values from 2001.0 to 
2005.0 have been computed by extrapolation 
assuming an autoregressive secular variation to 
define the coefficient a0 up to epoch 2005, i.e.
we imposed the following condition relating a 
L’Aquila annual mean Et(AQU), taken at time t
(in years), with the m previous annual means:

            

    (2.3)

Coefficients k0, k1,..., km have been estimated by 
least squares. Regressions of different order m
were made, and m = 4 was finally chosen because 
the corresponding autoregressive model showed 
a better Root Mean Square (RMS) deviation with 
respect to the actual data. In the case of epoch 
1960.0, we employed the so-called retrodiction, 
in the sense that we inverted time as we were 
observing the phenomenon in the opposite 
direction (i.e. from 2000.5 to 1960.5) and ap-
plied (2.3) again. In the same way, a synthetic 
grid of values from 1960.0 to 2005.0 at five-year

intervals constructed from the eighth generation 
IGRF (IAGA, 2000) for each element has also 
been used as input data. This grid extends from 
6.5° to 18.5° for east longitudes and between 
36.5° and 47.5° for north latitudes at 1° intervals, 
covering the whole of Italy and adjacent areas. 

The model coefficients are referred to sea level 
(altitude h = 0). In this sense, the mean values of 
each element at L’Aquila observatory (situated 
at h = 0.682 km) have been reduced to sea level 
by applying a correction that takes into account 
only the dipolar term of the geomagnetic potential 
(i.e. contributions with degree n equal to 1; e.g.,
Langel, 1987). For any intensive field element 
with value E at a height h, the correction DE for
computing its value at h = 0 is expressed as

   
          (2.4)

where R = 6371.2 km is the Earth’s mean radius.
In conclusion, the ITGRF model provides the 

values of each E element as follows:

                 
          (2.5)

where k = i – j, and the coefficients are defined as 
c00 = a0, c10 =a1, c01 = a2, c20 = a3, c02 = a4, and c11 = a5.

3.  Model analyses and results

Values of the ITGRF coefficients a1,..., a5

computed using the least squares method at 
five-year intervals with the associated misfit
error with respect to the corresponding IGRF 
are shown in table I. The a0 coefficients (table 
II) are computed for every year from 1960 to 
2005 applying eq. (2.1) and taking into account 
the local anomaly introduced in eq. (2.2). The 
value of the field for an intermediate epoch 
is computed by interpolation between sets of 
neighbouring epochs.

Since the ITGRF model was developed using 
independent polynomials for each element, the 
self-consistency of the model must be checked. 
For instance, we could check if the total intensity 

E k k Et tAQU AQU( ) = + ⋅ ( ) +−0 1 1
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  Year    F (nT)  Z (nT)    H (nT) D (arcmin)

1960.0
1961.0
1962.0
1963.0
1964.0
1965.0
1966.0
1967.0
1968.0
1969.0
1970.0
1971.0
1972.0
1973.0
1974.0
1975.0
1976.0
1977.0
1978.0
1979.0
1980.0
1981.0
1982.0
1983.0
1984.0
1985.0
1986.0
1987.0
1988.0
1989.0
1990.0
1991.0
1992.0
1993.0
1994.0
1995.0
1996.0
1997.0
1998.0
1999.0
2000.0
2001.0
2002.0
2003.0
2004.0
2005.0

44866.4
44901.1
44933.1
44960.6
44985.1
45005.2
45023.2
45044.2
45068.7
45094.7
45122.3
45149.8
45178.9
45209.9
45241.5
45274.5
45306.1
45334.1
45360.7
45384.2
45403.7
45423.3
45444.4
45466.0
45487.6
45510.6
45536.5
45563.3
45590.1
45616.4
45641.7
45662.9
45682.2
45701.9
45723.1
45746.9
45772.4
45798.9
45826.0
45854.0
45886.5
45920.4
45953.1
45984.4
46013.4
46039.7

38072.3
38096.7
38118.8
38139.0
38156.1
38166.7
38178.1
38194.9
38213.8
38229.1
38245.0
38260.5
38276.0
38296.0
38319.5
38342.5
38362.8
38381.5
38403.8
38423.5
38435.2
38453.9
38480.6
38503.8
38524.0
38546.7
38574.8
38603.4
38633.6
38668.7
38699.4
38724.6
38745.3
38761.5
38781.7
38803.9
38824.4
38849.4
38881.4
38913.9
38948.4
38983.8
39015.5
39045.2
39074.3
39102.5

23736.5
23761.1
23786.5
23806.5
23825.0
23846.0
23861.9
23873.8
23890.3
23914.7
23941.1
23968.6
23998.6
24024.6
24046.6
24073.1
24099.9
24122.2
24136.9
24149.7
24166.9
24174.3
24172.2
24176.0
24184.4
24190.7
24195.1
24200.5
24202.4
24195.2
24193.1
24192.0
24195.5
24207.9
24215.8
24225.3
24240.4
24250.5
24250.7
24251.3
24257.4
24262.1
24266.0
24271.1
24276.5
24281.8

  –127.78
  –123.63
  –119.29
  –114.74
  –110.30
  –106.45
  –102.75
    –99.04
    –95.64
    –92.53
    –89.33
    –85.70
    –82.17
    –77.94
   – 73.11
    –68.08
    –62.91
    –56.93
    –50.46
    –43.89
    –37.82
    –31.69
    –24.76
    –17.93
    –11.80
     –5.87
       – .26
       5.05
     10.15
     15.06
     19.37
     23.61
     27.84
     32.28
     37.61
     43.05
     48.52
     54.29
     60.36
     65.73
     70.50
     75.55
     80.31
     85.26
     90.01
     94.96

Table  II. a0 coefficients of the ITalian Geomagnetic Reference Field for each field element.
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F is equal to the square root of the sum of squares 
of the horizontal and vertical components, that is, 
if ∆F F H Z= − + =2 2 0 ; this is called the geo-
metrical condition. Another method is to impose 
the absence of vertical electric currents in the 
atmosphere (Chapman, 1942), which in terms 
of the gradients of the horizontal components, 
has the form

    .               (3.1)

This is called the physical condition. Figure 1a,b 
shows both conditions for the ITGRF at epoch 
2000. As we can see, DF values over the Italian 
territory are small, being lower than 8 nT, and 
lower than 4 nT per degree for the condition (3.1) 
on the horizontal gradients; so we can conclude 
that the ITGRF is geometrically and physically 
self-consistent.

With the obtained coefficients, the values of 
the field elements can be computed for a given 

location in Italy and compared with those obtained 
using the IGRF. Figure 2 shows the behaviour of 
the total field intensity at L’Aquila from 1960 to 
2005 (annual mean values until 2000, values after 
2000 are obtained by the autoregressive method) 
and those predicted by the ITGRF and the IGRF. 
It appears that, during the complete period, the 
ITGRF follows the observed F values better than 
the IGRF. Quantifying this difference in terms of 
RMS values, we found RMSAquila-ITGRF = 13.2 nT 
(this difference being the same for every epoch 
because of the way the model has been designed) 
whereas RMSAquila-IGRF = 15.4 nT.

This better behaviour of the ITGRF was an 
expected result, because of the determination 
of the a0 coefficient from the annual values 
measured at L’Aquila. To test the validity of the 
regional model, it is necessary to compare its 
values with data not used in the development of 
the model, for example with the annual means 
of Castello Tesino observatory (CTS; 11.65°E, 
46.05°N).

∂
∂

−
∂( )

∂
=

X Y

λ
φ

φ
cos

0

a b

Fig.  1a,b.  a) Difference (nT) between total field intensity and the square root of the sum of squares of the hori-
zontal and vertical components at epoch 2000; b) difference (in nT/degree) between the gradients of the horizontal 
components. The star marks the location of L’Aquila observatory.
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Figure 3 is analogous to fig. 2 but for Castello 
Tesino F values. Apparently, in this case, the 
global model behaves better than the regional 
one when comparing the two models with the 

observed values. This is due to the fact that 
data from Castello Tesino are directly used in 
the development of the IGRF, whereas they are 
not for the ITGRF. Nevertheless, the regional 
model follows the temporal variation of the 
different elements better than the IGRF does. 
Figure 4a presents the differences between the 
F annual mean values at Castello Tesino and the 
synthetic values obtained from the ITGRF and 
the IGRF. While the difference is practically 
constant with respect to the ITGRF, it changes 
sharply for the IGRF because the latter model 
has constant secular variation over given five-
year intervals. The ITGRF takes into account the 
changes in secular variation by the inclusion of 
the a0 coefficient, allowing the regional model 
to follow accurately the secular variation as 
illustrated in fig. 4b.

This fact is confirmed if we compare the 
variation of the annual means of the magnetic 
elements measured at CTS with respect to the 
respective mean values over the interval 1965 to 
1995, and the same for the values obtained from 
the ITGRF and the IGRF models. For example, 
if we consider the H values (fig. 5), we obtain 
an RMS of 3.0 nT for the ITGRF variations with 
regard to those of CTS, while an RMS of 6.4 nT 
is reached for the IGRF. This difference increases 
when considering the total field intensity, with 
an RMS of 3.7 nT for the ITGRF and 12.3 nT 
for the IGRF. 

We can compare the values obtained from 
the ITGRF with those computed from the 
INGRF2000 model, a reference field created 
from the measurements taken at the different 
locations of the Italian repeat stations network 
(Coticchia et al., 2001). This model has the 
same form as a second-degree polynomial in 
latitude and longitude, valid at sea level for 
the whole Italian territory except marine areas. 
Differences between a 0.5° ¥ 0.5° grid of values 
generated from the INGRF2000 and grids with 
same locations created using the ITGRF and the 
IGRF are similar, and in the case of F for epoch 
2000 they are less than 20 nT over more than 
90% of the Italian territory (fig. 6).

Once the self-consistency and validity of the 
ITGRF have been demonstrated, and it has been 
shown that the ITGRF secular variation follows 
the values measured at L’Aquila and Castello 

Fig.   2.  Annual mean values of F measured at L’Aquila 
(circles) together with the values predicted by the 
ITGRF (solid line) and the IGRF (dashed line).

Fig.   3. Annual mean values of F measured at Castello 
Tesino (circles) together with the values predicted by 
the ITGRF (solid line) and the IGRF (dashed line). 
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Tesino observatories better than the global 
IGRF model, we can create maps for Italy for 
the different elements of the geomagnetic field at 
a given epoch. Figure 7a-d presents maps for the 
F, Z, H and D elements for epoch 2005.

Fig.  4a,b. a) Difference between annual mean val-
ues for the F component at Castello Tesino and those 
obtained from the ITGRF (solid line) and IGRF 
(dashed line) models, respectively; b) behaviour of 
the secular variation for the F component at Castello 
Tesino (circles), for the IGRF (dashed line) and the 
ITGRF (solid line) models.

a

b Fig.  5. Variation of the horizontal field component with 
respect to its mean value over the interval 1965 to 1995 
for Castello Tesino (circles), the ITGRF (solid line) and 
the IGRF (dashed line).

Fig.  6. Differences between the INGRF2000 and the 
ITGRF for F at epoch 2000.



499

ITalian Geomagnetic Reference Field (ITGRF): update for 2000 and secular variation model up to 2005 by autoregressive forecasting

Fig.  7a-d. Maps for: a) F; b) Z; c) H, and d) D for epoch 2005. Units are nanotesla for F, Z and H, and arcmin 
for D.

a b

c d
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4.  Conclusions

In this paper we have presented the so-called 
ITGRF2000, an up-to-date version of the Italian 
Geomagnetic Reference Field model that allows 
the determination of the different elements of 
the geomagnetic field over Italy from 1960 to 
2005. The model is a second-degree polynomial 
in longitude and latitude and it consists of sets 
of six coefficients for each magnetic element at 
five-year intervals.

The design of the model, based on the spatial 
pattern of the IGRF global model but with a 
base level computed from annual mean values 
measured at L’Aquila observatory, makes it 
an accurate model for representing the secular 
variation of the field element values in Italy. 
This fact, together with its simplicity, makes the 
ITGRF a useful model for reducing magnetic 
surveys carried out at different epochs over the 
Italian territory, including future surveys, up to 
2005, to a common epoch.

The intention of the Geomagnetism Unit of 
the Istituto Nazionale di Geofisica e Vulcanologia, 
the body responsible for geomagnetic field mon-
itoring in Italy, is to revise the model at five-year
intervals and to allow access to the ITGRF2000 
through the homepage of the Institute (http://
www.ingv.it) for the computation of field values 
at any location and for a given epoch.
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