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Abstract: New geomagnetic ground survey was carried out in years 2006–2008. The
survey was accomplished under fair geomagnetic-activity conditions during the minimum
phase of a solar activity cycle No. 23. The measurements of the geomagnetic field were
reduced to the 2007.5 epoch using magnetograms of the Hurbanovo Geomagnetic Obser-
vatory. The distribution of the geomagnetic field over the territory of Slovakia is presented
in the paper in terms of isoline contour maps of the northern, eastern, and vertical geo-
magnetic components together with the total magnetic intensity. The map of magnetic
declination is added because of its practical importance. In addition, the maps of the nor-
mal geomagnetic field represented by first-degree polynomial model are shown here. The
maps are also available on the web site http://www.geomag.sk/GMP/MagnMapsSk. Data
of some nearby repeat stations in the adjoining countries were also employed in order to
create the isoline contour maps.
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1. Introduction

The geomagnetic field in its nature is variable in time and space. The main
part of the geomagnetic field has its origin in the magnetohydrodynamic
processes in the Earth’s core. It varies slowly with time and these changes
are called secular variations. An additional source of the geomagnetic field
contributes to the Earth’s core’s secular variations on the long time scales.
This is the part of the geomagnetic field, which is caused by the crustal field
– anomalies caused by differences in the magnetic properties of the various
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geological formations. Besides these slow (secular) variations of the geo-
magnetic field - time scales of these processes range from several decades to
several thousand years, there are also faster changes, which have extrater-
restrial origin, with time scales ranging from fractions of seconds to several
years. Both of them, geomagnetic storms and eleven-year variation of the
geomagnetic activity are their well known representatives, the first of them
to be an irregular event and the latter, which is connected directly to the
cycle of the solar activity, to be a regular variation, respectively.
The knowledge of the geomagnetic anomalies caused by the crustal field,

is important information for exploration of the geological structures. To
obtain such information, the geomagnetic ground survey has to be accom-
plished at a dense network of observation points regularly distributed over
the whole territory. The measurements have to be accompanied by con-
tinuous registration of the geomagnetic field at a nearby working variation
station or geomagnetic observatory. Using such magnetograms the fast geo-
magnetic variations, i.e. those from the external sources, are removed from
the data.
Several geomagnetic surveys have been performed at the territory of Slo-

vakia since the middle of the 19th century. The first one was carried out
by Karl Kreil in 1843–1851 (Kreil and Fritsch, 1850; Barta, 1954). He
measured at 8 points throughout the territory of present-day Slovakia (This
territory was a part of the Austro-Hungarian Monarchy at that time.) The
next two surveys were done by Guido Schenzl in 1867–1869 at 19 observation
points (Schenzl, 1869; Barta, 1954) and by Ignátz Kurländer in the years
1892–1894 at 7 points (Barta, 1954). No complete geomagnetic survey was
carried out in the first half of the 20th century. Only magnetic declination
was mapped twice in that time and they were published in (Čechura, 1934)
and (Běhounek, 1939). The next complete surveys, when three independent
geomagnetic elements were determined, were carried out after the World
War II. These were the measurements done in 1951–1953 (93 points, 1952.5
epoch) (Ochaba, 1959), in 1967–1968 (120 points, 1967.5 epoch) (Krajčovič
and Németh, 1972), in 1979–1982 (128 points, 1980.5 epoch) (Podsklan,
1987) and in 1993–1995 (119 points, 1995.5 epoch) (Váczyová, 1999). The
last geomagnetic ground survey, which is the subject of this paper, was
performed in 2006–2008 at 121 observation points and it was reduced to
the epoch 2007.5. However, after the preliminary analysis the data of three
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points were excluded (Dolné Trhovǐste, Ludrová and Svederńık) because we
suspected them to be incorrect.

2. Preparatory stage of the survey

The previous geomagnetic ground surveys widely employed observation
points, which were established in the past, many of them during the first
survey after World War II. This practice was abandoned in the last survey,
because many old established observation points were lost, destroyed, or
contaminated by man-made magnetic matters (e.g. agricultural or silvicul-
tural devices, industrialization). If an observation point was found and it
passed through the first examination with proton precession magnetometer
(PPM), i.e. we excluded the presence of some unnatural gradient of the
geomagnetic field in the surroundings of the point, we used this point for
the measurement. Otherwise, we found a new place in the vicinity of the old
point and after checking the geomagnetic field homogeneity, we accepted it
as a new observation point. The list of the points is given in the Table 1 and
their territorial distribution is shown in the Fig. 1. Altogether 131 points
were employed for the geomagnetic ground survey performed in 2006–2008.
The average area for one point in the territory of Slovakia was approximately
400 km2. In addition to the geomagnetic data, which we measured at ob-
servation points over the Slovak territory and abroad (in the closest vicinity
of the Slovak borders), some magnetic repeat station data from the neigh-
bouring countries are also listed in the Table 1. Those data can be found
on web site http://www.geomag.bgs.ac.uk/gifs/surveydata.html. We
employed them together with our own data for determining of the geomag-
netic elements distribution models as extension data.
Váczyová and Valach (2006) showed that the field measurements at the

stronger geomagnetic activity, Kp > 4, should not be performed, because
the error (after the reduction to the epoch) is much greater compared to a
commonly acceptable error for field measurements. For this reason, years
2006–2008 were suggested to be the most suitable period for realization of
the ground survey. This period fits into the minimum phase of the solar
activity cycle. Indeed, the average value of Kp, which is a commonly used
index for describing geomagnetic activity, was only of 1.9 during the period
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Fig. 1. Distribution of observation points in the territory of Slovakia and in its close
vicinity.

when geomagnetic measurements were carried out, the median value of Kp
was 2 and the inter-quartile range extended between 1 and 2. (Geomag-
netic index Kp ranges from 0, for the quietest geomagnetic field, to 9, for
the most disturbed field.)

3. Equipment and methods of data processing

Complete series of D and I measurements with the DI-flux theodolite, Zeiss
Theo 015B with Elsec 810, were performed at the observation points (Newitt
et al., 1996). Each DI-flux measurement was supplemented with 10 proton-
precession-magnetometer (PPM) measurements of the total magnetic field
with the EDA magnetometer or magnetometer PMG-1.
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The measurements were carried out in daytime with no special require-
ments, about what part of day to use, adopted. The only limitation arose
out of the method for the determination of astronomical azimuths, for which
the observations of the Sun were used. The azimuth of the azimuth mark
was determined from observations of the Sun according to the method de-
scribed e.g. in (Holub, 1963). Three series of observations were made at
each point.
The data obtained were reduced to the 2007.5 epoch with the help of the

records of the geomagnetic field from the Hurbanovo Geomagnetic Obser-
vatory. The assumption of identical transient variations of the geomagnetic
field, together with the assumption of uniform secular variations in the
whole territory of Slovakia during the three-year period of the survey were
assumed for this purpose. The following formula was used to obtain the
reduced value of an element at an observation point:

EOP; epoch = EOP; t − (EHRB; t − EHRB; epoch)

where EOP; t is the value of the geomagnetic field element measured at the
observation point at the time of the measurement t, EHRB; t is the element’s
value at Hurbanovo Observatory for the time t and EHRB; epoch is the ob-
servatory value for the 2007.5 epoch. In this paper the X (northern), Y
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(eastern) and Z (vertical) components are discussed together with the total
magnetic field F. It is because X, Y and Z elements are registered at the
Hurbanovo Observatory (HRB), whose data were used for the reduction of
the measured field data. In addition, the magnetic declination is shown, as
well. It is included in the paper, because the magnetic declination is widely
used for practical purposes, e.g. in the aircraft’s navigation.
The location of the HRB observatory is characterized by:

φHRB = 47.9
◦, λHRB = 18.2

◦, h = 112 m.

The mean values of X, Y, Z and F at the HRB observatory for the 2007.5
epoch have been accepted as:

X = 20975 nT, Y = 1209 nT, Z = 43532 nT and F = 48337 nT.

4. Maps of geomagnetic elements

The mapping of Slovakia resulted in maps of isolines displaying the graphical
representation of the distribution of the individual elements for the 2007.5
epoch. The maps of isolines of X, Y, Z and F were constructed with a
step of 50 nT. Figs. 2–5 refer to the X, Y, Z and F elements, respectively.
Magnetic declination (D) is widely used for practical purposes. Therefore,
we also prepared a map with the distribution of D. The isogones for epoch
2007.5 are shown in Fig. 6. The spacing between the adjacent isogones
is 0.1◦. The colour versions of these maps are available on the web site
http://www.geomag.sk/GMP/MagnMapsSk.

5. The normal geomagnetic field for the 2007.5 epoch

The normal field over the area has to approximate the true field as well as
possible. A polynomial expressing the value of the geomagnetic field ele-
ment as a function of geographical longitude and latitude has also various
practical purposes. For such a small territory as the territory of Slovakia
is, the first degree polynomial approximation is quite sufficient (Váczyová,
1999).
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Fig. 2. Map of isolines of the northern component (X) in the territory of Slovakia for
the 2007.5 epoch. The values assigned to isolines are given in nanoteslas. The spacing
between adjacent contours is 50 nT.

Fig. 3. Map of isolines of the eastern component (Y) in the territory of Slovakia for
the 2007.5 epoch. The values assigned to isolines are given in nanoteslas. The spacing
between adjacent contours is 50 nT.
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Dolinský P. et al.: Geomagnetic ground survey in Slovakia. . . (255–272)

Fig. 4. Map of isolines of the vertical component (Z) in the territory of Slovakia for
the 2007.5 epoch. The values assigned to isolines are given in nanoteslas. The spacing
between adjacent contours is 50 nT.

Fig. 5. Map of isolines of the total field (F) in the territory of Slovakia for the 2007.5
epoch. The values assigned to isolines are given in nanoteslas. The spacing between
adjacent contours is 50 nT.
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Fig. 6. Map of isogones (declination D) in the territory of Slovakia for the 2007.5 epoch.
The values assigned to isolines are given in arc degrees. The spacing between adjacent
contours is 0.1◦.

We derived the normal field in two steps: In the first step, the linear
models of the distribution of the geomagnetic elements X, Y, Z and F were
computed using the values obtained at all observation points (preliminary
linear model). Some of the points are situated in the regions, which are
anomalous, i.e. the magnetic field in these regions are influenced by some
local magnetic anomalies.
The normal field must be free of the influences of local magnetic anoma-

lies. For this reason, differences between the preliminary linear model and
the observed values of geomagnetic elements for each observation point were
computed. Observation points with the highest differences were excluded
from the data sets (15 or 16 points, i.e. approximately 14 per cent of points
were excluded). The values of the remaining observation points were used
in order to derive the final linear models of normal geomagnetic field.
The models of normal field were calculated as the first-degree polynomi-

als that best fitted the observations. The polynomials were fitted by the
method of multilinear regression. The normal field for X, Y, Z and F is as
follows:
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X= (20936.5 ± 6.8) nT − (513.3 ± 8.0) nT/◦ · (φ− φHRB)−
− (17.8 ± 2.2) nT/◦ · (λ− λHRB)

Y = (1207.8 ± 4.9) nT + (0.3 ± 5.8) nT/◦ · (φ− φHRB) +

+ (90.2 ± 1.6) nT/◦ · (λ− λHRB)

Z = (43576.2 ± 6.3) nT + (517.2 ± 7.5) nT/◦ · (φ− φHRB) +

+ (81.6 ± 2.0) nT/◦ · (λ− λHRB)

F = (48357.0 ± 1.5) nT + (251.3 ± 1.9) nT/◦ · (φ− φHRB) +

+ (68.0 ± 0.5) nT/◦ · (λ− λHRB)

The errors written in brackets are standard errors (σ). The geographi-
cal positions φ (latitude) and λ (longitude) of the locality in question are
expected to be given in arc degrees. (The coordinates of the Hurbanovo
Geomagnetic Observatory are φHRB = 47.9◦, λHRB = 18.2◦.)
Figures 7–10 show the normal fields for X, Y, Z and F, respectively. As

expected according to (Váczyová, 1999), the isolines of the normal field
enumerated on the basis of the previous measurements, expressed by first-
degree polynomials, are in general consistent with the measured values of
the field.

6. Secular variation of the geomagnetic field

Comparison of the first-order polynomial models of the 2007.5 epoch with
those of the 1995.5 epoch (Váczyová, 1999) suggests that the geomagnetic
field between epochs 1995.5 and 2007.5 changed rather uniformly. The de-
pendence of the secular variation estimated on geographical coordinates
using these two linear models turns out to be less significant than an error
(standard deviation) resulting from these models. In order to have infor-
mation about the secular variation in the territory of Slovakia, which is of
relatively small area, the secular variation at Hurbanovo Geomagnetic Ob-
servatory can be presented. Secular changes of the geomagnetic elements
X, Y, Z, F and D are shown in Figs. 11a-e . The time series on the figures
begin in 1949 because starting from this year no gaps in data sets occurred.
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Fig. 7. Map of isolines of the normal distribution of the northern component (X) in the
territory of Slovakia for the 2007.5 epoch (First-degree-polynomial model). The values
assigned to isolines are given in nanoteslas. The spacing between adjacent contours is
50 nT.

Fig. 8. Map of isolines of the normal distribution of the eastern component (Y) in the
territory of Slovakia for the 2007.5 epoch (First-degree-polynomial model). The values
assigned to isolines are given in nanoteslas. The spacing between adjacent contours is
50 nT.
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Dolinský P. et al.: Geomagnetic ground survey in Slovakia. . . (255–272)

Fig. 9. Map of isolines of the normal distribution of the vertical component (Z) in the
territory of Slovakia for the 2007.5 epoch (First-degree-polynomial model). The values
assigned to isolines are given in nanoteslas. The spacing between adjacent contours is
50 nT.

Fig. 10. Map of isolines of the normal distribution of the total field (F) in the territory
of Slovakia for the 2007.5 epoch (First-degree-polynomial model). The values assigned to
isolines are given in nanoteslas. The spacing between adjacent contours is 50 nT.
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Fig. 11. Secular variation of the geomagnetic field at the Hurbanovo Geomagnetic Ob-
servatory since the year 1949. Five geomagnetic elements are shown here: (a) northern
component X, (b) eastern component Y, (c) vertical component Z, (d) total field F and
(e) magnetic declination D.
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7. Discussion and conclusion

The magnetic survey in question has yielded some new facts about the geo-
magnetic field distribution in the territory of Slovakia and confirmed most
of its features, which resulted from the previous geomagnetic ground sur-
veys in the 1995.5, 1980.0 and 1967.5 epochs. Comparing with the previous
surveys, nowadays it is very hard to find locations, where no artificial dis-
turbances exist. Because of this fact, the measurements had to be carried
out very carefully and an emphasis had to be on the on-site seeking for
suitable observation places during the expeditions. For the majority of lo-
calities we were forced to abandon the common practice of reoccupation the
observation points of the previous surveys. It was because the old points
were either destructed or they were contaminated by man-made sources of
magnetic disturbances. These reasons are also lightly reflected in differences
of contour maps for isolines of the geomagnetic field elements if we compare
them with those of 1995.5 or the previous ones, but main reasons of differ-
ences are secular variations of GMF. However, we have found only minor
discrepancies and we do not consider them to be an error. They represent an
independent picture of the geomagnetic field distribution, which is unbiased
by the fixed network of the observation points used in the past. Of course,
the measured data were after processing checked carefully and those that
were suspected to be corrupted were excluded from our data set. Therefore,
the differences from the previous maps are not errors, but the new informa-
tion yielded by independent distribution of the observation points. All main
features of the geomagnetic anomalies were well-preserved in the new maps.
Central-Slovakian anomaly still remains the most conspicuous geomagnetic
anomaly in Slovakia.
Generating the geomagnetic maps for the 2007.5 epoch, the data of ten

abroad observation points were also included to the data-base. They were
mostly the points of national repeat station networks in Poland, Czech Re-
public and Hungary (Note: European repeat station surveys are coordinated
by the MagNetE Group, see e.g. http://space.fmi.fi/MagNetE2009/).
Including these data improves the linking of the geomagnetic field elements’
isolines over the Slovak territory to those of the neighboring countries.
By comparing the geomagnetic isoline maps (Figs. 2–6) with the geo-

logical map of Slovakia (Ibrmajer et al., 1989), we can conclude that the
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geomagnetic anomalies in Slovakia are due to the significantly extended neo-
volcanic rocks, which are the carriers of inhomogeneous magnetic properties,
natural remanent magnetization and magnetic susceptibility. These rocks
constitute mountains of horizontal extent of about 100–250 km2, which is
situated mainly in the Central and Eastern Slovakia (Krs, 1966; Orlický et
al., 1974; Váczyová, 1999).
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