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Geomagnetic repeat station survey in Hungary during
1994-1995 and the secular variation of the field between
1950 and 1995

Péter KOVACS* and Alpar KORMENDI*

A geomagnetic repeat station survey was carried out in Hungary during the period 1994-95.
The magnetic declination, inclination, and the total field were directly observed by proton-
precession and DI-flux magnetometers. The network consisted of 195 sites. In most cases, the geo-
graphic coordinates of the stations and the azimuths of the reference marks were determined by a
pair of GPS receivers. The direct observations were reduced to the epoch of 1995.0 using the con-
tinuous geomagnetic records ofHungary’s Tihany Geomagnetic Observatory. The normal reierence
field in Hungary is expressed traditionally by a second-order polynomial of the geographic coordi-
nates. In the course of the last campaign, the polynomial coefficients were computed by the method
of adjustment according to the most frequent value. The normal distributions ot the secular varia-
tions of the field elements were determined by second-order polynomials ot latitude and longitude
for the period 1950-95.

Keywords: magnetic survey maps, secular variations, magnetometers, Hungary,
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1. Introduction

The Earth’s magnetic field is composed of several components having
different origins and time variations. While the fast fluctuations are known
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to be connected mainly with magnetospheric, ionospheric phenomena
(currents of charged particles), it is suggested that the long-term, so-called
secular variations are caused by slow movements of magnetized materials
inside the Earth’s core [DE SANTIS et al. 1997]. In order to model the inter-
nal processes, one must separate the magnetic effects of several origins
from the total, observable magnetic field. The part of the field that is
thought to be generated mainly by sources from the Earth's interior is
termed normal field.

For a great many years the temporal variation of this field has been
carefully investigated at some points of the Earth, primarily at the locations
of geomagnetic observatories. However, the observatory network is rather
sparse and uneven for effectively mapping the spatial distribution of the
field, as well as its temporal variations. The fundamental purpose of repeat
station surveys is to map the geomagnetic field over a relatively dense and
even network of an area of limited size and to compile normal maps of the
surveyed region and date (epoch). A knowledge of the normal magnetic
distribution is of great importance from two aspects: viz. (as was already
mentioned) comparison between fields of different epochs can yield infor-
mation about mass-flow processes of internal origin; on the other hand, be-
cause the normal map demonstrates the global behaviour of the field, it can
serve as a reference for investigating local magnetic anomalies.

The results of the field measurements performed at different dates and
different stations are reduced to the same epoch by eliminating the fast
temporal variation of the field of mainly external origin. Corrections are
carried out with the aid of the continuous magnetic records of observato-
ries. The time-corrected field reflects the effects both of the internal mag-
netic sources and of the Earth’s crust. To obtain the normal reference field,
the anomalies caused by the surface magnetic rocks must be eliminated.
For limited-size regions of the Earth (with no significant curvature), the
geomagnetic field can be modelled by polynomials of latitude and longi-
tude. The spatial wavelengths of the crust-generated magnetic changes are
much smaller than those of the variation of the core-field. For this reason,
the analytical magnetic model of the Earth’s interior can be obtained by
truncation of the polynomial at the first or second order. For determining
the normal map for larger, continent-size areas, regional harmonic analy-
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ses (SCHA, TOSCA, ASHA) can yield reliable results [for a summary of
these methods, see De SANTIS et al. 1997].

The first magnetic network survey in Hungary was carried out be-
tween 1847 and 1857 (Table 1). The most extensive geomagnetic research
was led by Lorand E6tvos, who performed gravity and geomagnetic obser-
vations simultaneously, between 1902 and 1917 at 1600 stations located at
several regions of the former territory of Hungary [FEKETE et al. 1918].

1847-57 K. Kreil Magn. theodolite,

(1850.0) J. Liznar 52 D, 1, H Earth-Inductor

B0 o w  aw Ml telhe

(11889920-%[; I Kurlander 38 D, 1. H Eﬂﬁ?ﬁ.’.tnzefﬂﬁ'r“e’

(11990023:.107, 1906.0) L EOvos 1600 D, 1 H Eﬂaﬁr?-'l%euocdtglrite'

(11993;6306) J. Hofhauser 26 D Magn. theodolite

(15;59(;.500) Cy-Barta 290 D, LHZ I’;Aai?f?lgziioo(ig:I%HM BMZ
(19650 R Somfsi 0 DHZ  BMZ QHM

(13;;0302) ;_'TLgtrE“iCZi' 299 D, H, F QHM, Proton-magn.

Tabic I. Summary of the Hungarian geomagnetic surveys carried out between 1847 and
1982. The columns show: the observational period and the date of the data reduction (in
brackets); the names of the persons who directed the measurements and data processing; the
number of surveyed stations; the measured magnetic components; and the equipment used.
The networks of the surveys carried out before 1917 covered the former territory of
Hungary
|. tdblazat. A Magyarorszag terliletén 1847 és 1982 kozott elvégzett geomagneses haldzati
mérések 6sszefoglalasa. Az egyes oszlopok az alabbi adatokat tartalmazzak: az észlelések
id6szaka, illetve zarojelben a mért adatok vonatkoztatasi id6pontja; a méréseket és az
adatfeldolgozast iranyitd személyek nevei; a hal6zatban résztvevé allomasok szama; a mért
magneses komponensek; az alkalmazott miszerek tipusai. Az 1917 el6tt elvégzett kutatasok
halézatai Magyarorszag korabbi teriiletére vonatkoznak

The first systematic survey within the country’s present boundaries
was completed in 1950. Later on, detailed mapping of the Hungarian mag-
netic field was repeated every fifteen years [SZABO 1983]. The last cam-
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paign was carried out in 1994 and 1995. In this survey the magnetic decli-
nation, inclination, and the total field were directly measured by DI flux-
gate and proton precession magnetometers. The data were reduced to the
epoch of 1995.0 The network consisted of 195 stations located inside Hun-
gary (184 sites), and within the borders of the neighbouring countries
(11 sites).

Here, we present the repeat station network and the equipment utilized
for our last geomagnetic campaign. Later on, we give a brief overview on
the mathematical procedure adopted for computing the magnetic normal
field, then we summarize the results obtained. Finally, the normal distribu-
tion of the mean secular variation computed for the time interval of
1950-1995 will be presented.

2. The magnetic repeat station network in 1994-95

Most of the stations of our last magnetic campaign were identical with
the base points of the 1964-65 survey [ACZEL, STOMFAI 1968]. In order to
curtail expenses, however, the number of original stations was considera-
bly reduced. Because the magnetic sources of the crust do not represent the
global trend of the magnetic field, the network was truncated mainly in re-
gions which are characterized by local magnetic anomalies. These areas
are very well known in Hungary on the basis of former geomagnetic inves-
tigations. Unfortunately, some of the remaining points had to be omitted
because of the increased artificial magnetic noise due to the development
of civilization in the last three decades. In order to approach the even char-
acter of the former network, some new base points were established instead
ofthe artificially disturbed sites, taking into account the following basic re-
quirements:

— not close to local magnetic anomalies,

— absence of artificial disturbances,

— proximity to the original network station.

To ensure the connection between the magnetic charts of Hungary and
the neighbouring countries, some of the border-area repeat stations of our
neighbours were also surveyed during the last campaign.
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The final form of the network consisted of 195 base points, their loca-
tions are shown in Fig. 1 The names of the stations and their coordinates
are listed in Appendix I.

17.5° 19.5° 21.5° 23.5°

Figure 1. The Hungarian geomagnetic repeat station network in 1994-95. The site names
are listed in the Appendix

1 &bra. A magyarorszagi geomagneses alaphal6zat 1994-95-ben. Az allomasok nevei a
mellékletben taldlhatéak

3. Equipment and method of observations

The geomagnetic field, as a vectorial field, can be unambiguously de-
termined at a certain point by the measurements of its three independent
space components. During the course of our survey, the absolute value of
the field vector, the declination (azimuth of the geomagnetic North direc-
tion with respect to the geographic North), and the inclination (the angle by
which the total field vector is inclined from the horizontal plane) were ob-
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served at every site. The total value of the field (F) was measured by G856
type Proton or GSM19 type Proton Overhauser magnetometers having a
resolution of 0.1 nT, and 0.01 nT, respectively.

The measurements of declination (D) and inclination (I) were carried
out by the use of DIM100 or UFG1 type fluxgate magnetometers and a
Zeiss Theo 020B steel-free theodolite using the conventional zero-field
method [JANKOWSKI, SUCKSDORFF 1996]. The fluxgate magnetometer
consists of an electronic unit and a cylindrical sensor. The equipment
measures the magnetic field in the direction of the axis of the sensor. In the
course of the observations, the probe is mounted on the telescope of the
theodolite so that the axes of the two units should roughly coincide with
each other. The azimuth of the magnetic meridian and the value ofthe incli-
nation can be determined by positioning the sensor in the directions which
are characterized by zero magnetic field value. Then, the magnetic line of
force is just perpendicular to the axes of the sensor and the telescope at the
site of observation. The resolution of the fluxgate magnetometer is 0.1 nT.
The scale division of the theodolite is 1 minute of arc, but because one tenth
of the scale division can be estimated, the real resolution of the theodolite
is about 6-12 second of arc. Since the resolution of our theodolite is less
than that of our magnetometer, the overall resolution of D and | observa-
tions falls within the specified interval of 6-12 second of arc.

The azimuth of the magnetic meridian can be read on the horizontal
scale of the theodolite. This value, however, depends on the actual orienta-
tion of the zero point of the scale. In order to be able to give an absolute
meaning to the relative observations, we must determine the bearing of the
theodolite by making reference measurements to one or more field objects
with known geographic azimuths. At some stations, we could use the refer-
ence directions that were established during the 1964-65 geomagnetic
campaign. In other cases, however, where the environmental changes of
the last decades had obliterated the former reference marks, a pair of
ASHTECH XII type GPS receivers was utilized to mark new lines for ori-
entation. The possibility of using GPS for determining true geodetic azi-
muths was checked at several sites before surveying the network. A com-
parison was carried out between azimuths obtained by GPS observations
and other methods, i.e. observations of the Sun and measurements per-
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formed with a gyro-theodolite. As aresult of the experiments the applica-
tion of the GPS technique turned out to be avery powerful method in terms
of accuracy and reliability of azimuth determinations [HEGYMEGI at al.
1996].

Generally, four sets of observations of the field elements were carried
out at the network stations. Each measurement was corrected in time (see
next section). The standard deviations of the averages of the time-corrected
D, I, or F observations were considered as the determination error of the
given component at a certain station. In order to evaluate the determination
errors relating to the whole network, we computed the average of the stan-
dard deviations calculated for the individual sites. As a result, we obtained
errors of 0.37 min., 0.15 min, and 1.26 nT for the determination of the D, I,
and F magnetic components, respectively. These values represent the er-
rors both of the field measurements and the time corrections.

4. Processing of measured data

The construction of geomagnetic normal maps for a given region is the
primary aim of repeat station surveys. Because the normal charts must be
referred to a certain date (epoch) and to a certain topographic level, the
measured data must be reduced both in time and space before computing
the normal parameters of the field. Flowever, in Hungary, being a flat coun-
try, the differences between the levels of the sites are so small that the topo-
graphic corrections can be regarded as negligible.

4.1 Correction in time

The aim of the time-correction of the observations is to eliminate the
time-variations of the geomagnetic field taking place during the whole pe-
riod of the survey. The procedure was carried out using the continuous rec-
ords of the Tihany Geomagnetic Observatory (THY). We considered the
1994-95 biannual means of the individual geomagnetic components at Ti-
hany as the reference levels for the measurements. The field data were cor-
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rected by the difference between the reference levels and the Tihany obser-
vations using the following formula:

BI(1995.0,P ) =B' (t.,PJ)- [B'(ij, THY) - BI(1995.0, THY)]

where B'{1995.0, Pf) is the value of the i-th magnetic component at they-th
station (Pj) after time-correction, and t}is the time of the field measurement
at the y-th site. The accuracy of the corrections depends on the extent of the
deviations between the magnetic time variations at the observatory and at
the base point to be corrected. Fortunately, in the case of quiet daily mag-
netic variations, due to the relatively small size of Hungary the correction
error is negligible. The time-reduced field elements at the network stations
are indicated in Appendix I.

4.2 Determination ofthe magnetic normal field

In Hungary, the magnetic normal field is expressed traditionally by a
second order polynomial of the geomagnetic coordinates. One of the nor-
mal components of the field (denoted by S') at the points having coordi-

nates of (b, X) can then be computed as:

B'((p.X,p) =p0+P{p-¢p 0) + 10)+p3(@-®0)2 > (2)
+0(h -Po)(" - K) +Ps(X-

where the coordinates of the reference site are q0=45.5°, 0=16.0°. The
latitude and longitude differences are expressed in minutes. The parame-
ters Pi are the coefficients of the fitted surface.

The parameter vector can be obtained by minimizing a merit function
that measures the fitting between the observed data and a given model. The
applied adjusting method depends on the statistical distribution ofthe input
data. It means that different merit functions must be minimized in order to
achieve the best model of the real physical field.

In our case, adjustment according to the most frequent value [STEINER
1988] was applied for computing the Hungarian reference field. This
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method requires the fulfilment of the following minimum condition from
the adopted parameter vector:

A E 21n(e2+ (5].(p/ ,Xy)--0 (/N1 >,p)) ) = min. > (3)
1=

where N is the total number of network stations, ip, k, are the coordinates
of they-th station, and B1 is the value of the z-th magnetic component at the
j'-th base point. The quantity s is termed dihesion; this quantity character-
izes the scattering of the measured data around the actually computed ref-
erence field. In the algorithm, the dihesion determines a weight function
according to which the individual observations are weighted with respect
to their residuals from the computed model field Because of the two un-
known parameters (e and"z) in Eqg. 3, adjustment according to the most fre-
quent value can be solved only by an iterative procedure.

The coefficients of the normal fields of the measured D, I, F, and the
computed H, and Z magnetic components obtained by the specified adjust-
ment are collected in Table 7/, the constructed iso-line maps are demon-
strated in Figs. 2-6.

Pa Pi Pi Pi Pi Ps
DQ 99.04 0.00469 0.21906 0.00027 0.00010 -0.00001
7o) 3711.44 0.94267 0.07941 -0.00022 -0.00009 -0.00004

F (nT) 47134.28 5.32541 1.05978 -0.00573 0.00105 0.00012
H (nT)  22240.08 -9.09192 -0.46631 -0.00177 0.00169 0.00042
Z (nT) 41575.65 10.84261 1.28384 -0.00839 0.00093 0.00012
Table 11. Coefficients of the Hungarian magnetic normal fields for the epoch 1995.0 tor the D, I, F, H,
and Z components. The normal values of the field elements at a given site can be computed by Eq. 2
(see text). D and | are obtained in minutes, while F, H, and Z in nT
II. tdblazat. A geomégneses tér D, I, F, H, és Z komponenseinek 1995.0 epochéra vonatkozé
magyarorszagi normal tereit reprezentalé polinom egyutthatok. Az egyes tér-elemek normal értékei
egy adott ponton az egyltthatok 2. egyenletbe valé behelyettesitésével szdmolhatéak. D és | valamint
F, H, és Z normal értékei percben, illetve nT-ban adédnak
Of course, different adjustment methods lead to a different second-
order model of the magnetic field. In order to have a picture of the dimen-
sion of the possible deviations, we computed the normal field using algo-
rithms of both simple and weighted least squares fittings. In the second
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17.5° 19.5° 21.5° 23.5°

Fig. 2. Declination chart of the normal geomagnetic field in degrees for the epoch 1995.0
(continuous curves) and the mean yearly variation of the declination for the period 1950-95
expressed in minutes/year (dashed lines). The contour intervals are 0.1 degree and
0.2 minute/year for the isolines and the isoporic lines, respectively
2. dbra. A deklinacio normalértékének izogon gorbéi az 1995.0 epochara vonatkozdan
fokokban kifejezve (folytonos vonalak), illetve a deklinacid atlagos éves valtozasi
Gtemének normal eloszlasa 1950 és 1995 kozdtt perc/év egységekben (szaggatott vonalak).
A szomszédos izovonalak kozotti kilonbség 0,1 tok, illetve 0,2 perc/év

case, the weighting was carried out — in accordance with the Chauvenet
criterion [see WORTHING and JEFFNER 1943 or MELONI et al. 1994] — us-
ing an iterative algorithm. After computing anormal field, its standard un-

certainty (ci) was expressed in the following way:

a =Jv/(N-6) vy 4
where v is the sum of the squares of the differences between observed and
normal values of the field, and A is the number of network stations that par-
ticipate in the inversion. The weight was 0 for the sites where the residual
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17.5 19.5 21.5° 23.5

Fig. j. Inclination chart of the normal geomagnetic field in degrees for the epoch 1995.0
(continuous curves) and the mean yearly variation of the inclination for the period 1950-95
expressed in minutes/year (dashed lines). The contour intervals are 0.2 degree and
0.05 minute/year for the isolines and the isoporic lines, respectively
i. dbra. Az inklinacié normalértékének izoklin gorbéi az 1995.0 epochara vonatkozéan
fokokban kifejezve (folytonos vonalak), illetve az inklinaci6 atlagos éves valtozasi
itemének normal eloszlasa 1950 és 1995 kozott perc/év egységekben (szaggatott vonalak) .
A szomszédos izovonalak kozoétti kiilonbség 0,2 fok, illetve 0,05 perc/év

exceeded 2cr, and 1otherwise. Every rejection of data was followed by the
computation of anew normal field and a until the residuals of all input data
remained in the 2g interval of the model field.

To demonstrate the deviations between the normal charts resulting
from the applied methods, we calculated the differences of the normal
fields at each observation point and characterized the deviations by their
averages. For the directly observed declination, inclination, and total field,
the mean differences fell within the order of the observational errors of the
given components [KOVACS et al. in press]. This means — from the practi-
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=]

Fig 4. Total intensity chart of the normal geomagnetic field in nT for the epoch 1995.0
(continuous curves) and the mean yearly variation oi the total magnetic intensity tor the
period 1950-95 expressed in nT/year (dashed lines). The contour intervals are 100 nT and
0.5 nT/year for the isolines and the isoporic lines, respectively
4. dbra. A totalis magneses térer6sség normalértékének izodindm gérbéi az 1995.0
epochara vonatkozéan nT-ban kifejezve (folytonos vonalak), illetve a totalis tér atlagos
éves valtozasi temének normal eloszlasa 1950 és 1995 k6zo6tt nT/év egységekben
(szaggatott vonalak). A szomszédos izovonalak kdzotti kiilonbség 100 nT, illetve 0,5 nT/év

cal point of view — that any set of normal coefficients obtained by the
specified adjusting methods could be adopted to define the normal field for
Hungary on the basis of the last geomagnetic survey.

5. Secular variation

At any point of the Earth, the annual mean values of the geomagnetic
field elements show a successive variation which can be characterized by
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Fig. 5. Horizontal intensity chart of the normal geomagnetic filed in nT for the epoch
1995.0 (continuous curves) and the mean yearly variation of the horizontal intensity for the
period 1950-95 expressed in nT/year (dashed lines). The contour intervals are 200 nT and

0.5 nT/year for the isolines and the isoporic lines, respectively
5. dbra. A horizontalis intenzitas normalértékének izodinam gorbéi az 1995.0 epochéara
vonatkozoan nT-ban kifejezve (folytonos vonalak), illetve a totalis tér atlagos éves
valtozasi ttemének normal eloszlasa 1950 és 1995 kozo6tt nT/év egységekben (szaggatott
vonalak). A szomszédos izovonalak kozotti kiilénbség 200 nT, illetve 0,5 nT/év

nearly the same trend over some decades. Because the characteristic period
of these changes can be measured in hundreds of years, this type of mag-
netic course is called secular variation. It is suggested that this phenome-
non arises from flows of magnetized materials within the Earth’s core. It
follows that the rate and the trend of the secular changes must vary in space
over the surface. The contours of equal rate and trend of changes are
termed isopor. The spatial distribution of the isopors over an area of limited
size can be determined by adjusting the differences obtained between the
observations of geomagnetic surveys of different epochs.
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Fig. 6. Vertical intensity chart of the normal geomagnetic field in nT for the epoch 1995.0
(continuous curves) and the mean yearly variation of the vertical intensity for the period
1950-95 expressed in nT/year (dashed lines). The contour intervals are 200 nT and
0.5 nT/year for the isolines and the isoporic lines, respectively
6. dbra A vertikalis intenzitas normalértékének izodinam gorbéi az 1995.0 epochéara
vonatkozéan nT-ban kifejezve (folytonos vonalak), illetve a totalis tér atlagos éves
valtozasi Utemének normal eloszlasa 1950 és 1995 kdzott nT/év egységekben (szaggatott
vonalak). A szomszédos izovonalak kdzotti kialénbség 200 nT, illetve 0,5 nT/év

Figure 7A and B show the relative changes of the annual means of the
geomagnetic elements at Tihany Observatory between 1955 and 96. It can
be seen that the curves of the time variations of decimation, vertical and to-
tal magnetic intensities continuously increase and are nearly linear. With
the inclination and the horizontal intensity, however, the courses are not so
evident, and the variations here are much smaller than in the other compo-
nents.

As was already pointed out, detailed geomagnetic surveys were car-
ried out in Hungary on four occasions during the period 1950-95. This
means that we could compare the measured data of our last survey with that
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Fig. 7. Variations of the annual means of the D, | (A), and H, Z, F (B) magnetic field
components at Tihany between 1955 and 96. To facilitate the representation, the initial
values of the curves were translated to zero
7. dbra. A D, | (zl), illetve a H, Z, és F (B) magneses komponensek atlagos éves valtozasi
teme Tihanyban 1955 és 1996 kozott. Az abrazolas megkdnnyitése érdekében a gorbéket
egységesen nullarél inditottuk

of three earlier ones in order to get a picture of the spatial distribution of the
geomagnetic secular variations over the last 45 years. Judging by the rec-
ords of Tihany Observatory the trends of the changes of the magnetic D, F,
and Z components were nearly linear; the dimensions of the H and | varia-
tions were negligible in comparison with the changes of the other compo-
nents over the last 45 years. For this reason, we decided to compute the
secular variations for the time interval 1950.0-1995.0.

The stations of the networks in 1949-50 and 1994-95 were not identi-
cal. For this reason, we constructed a grid of 20x20 km over the surveyed
area, and interpolated the measurements of the real networks to the points
of this grid. Then we computed the mean annual variations of the geomag-
netic field elements along the regular grid. Similarly to the normal field,
the spatial distribution of the secular variation for Hungary is generally de-
fined by the second-order polynomial specified by Eq. 2. Therefore, we ad-
justed the mean annual variations obtained for the constructed grid by the
method of adjustment according to the most frequent value. The polyno-
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mial coefficients characterizing the secular variations of the field elements
are reported in Table 111, the adjusted isopors are presented on the maps of
the normal fields (Figs. 2-6). As was expected on the basis of the magnetic
records of Tihany Observatory: every field component in Hungary in-
creased, on average, over the last 45 years. The dimensions of the annual
variations in the country range between about 3.2-4.4 min., 0.3-0.65 min.,
25-28 nT, 3.5-8 nT, 24-28 nT for the magnetic D, I, F, H, and Z compo-
nents, respectively.

Po P\ Pi Pi Pi Ps
D (’lyear) 4.41 0.00033 -0.00276 0.00000 0.00000 0.00000
I ("lyear) 0.36 -0.00148 0.00126 0.00001 0.00000 0.00000
F (nT/year) 25.69 0.02334 0.00399 -0.00025 0.00010 -0.00003
H (nT/year) 8.46 0.00314 -0.01112 -0.00009 0.00004 -0.00001
Z (nTlyear) 24.24 0.02610 0.01228 -0.00023 0.00008 -0.00003

Table 111. Coefficients of the annual variation normal fields of the magnetic components tor
the time-span 1950-1995. The normal value of the mean annual variation at a given site
can be computed by Eq. 2 (see text). D, and | are obtained in minutes/year, F, H, and Z in

nT/year
Il. tdblazat. A geomagneses normal tér 1950 és 1995 kozotti atlagos éves valtozasat
jellemzd polinom-egytthatok értékei. Az atlagos éves valtozas normal értéke egy adott
ponton az egyitthatok 2. egyenletbe valo behelyettesitésével szamolhatoéak. D, és I,
valamint F, H, és Z valtozasainak normal értékei perc/év, illetve nT/év egységekben
adddnak

6. Summary and conclusions

The spectrum of the geomagnetic field is complex both in time and
space. During the course of the geomagnetic surveys, the investigations
were mainly concerned with the slow spatial and temporal variations of the
field.

In the preparatory phase of the last campaign we decided to complete
the measurements along the network of the 1964-65 survey. After check-
ing the quality and condition of some former points, however, it was real-
ised that very many of the original sites had become unsuited to magnetic
measurements over the last decades because of the increased artificial
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noise or the obliteration of the base or reference points. For this reason we
had to work out a measuring procedure by which the unsuitable base points
or reference marks could be substituted by new ones in the vicinity of the
original ones without significant loss of time. The solution was provided
by a pair of GPS receivers. These were used to determine both of the geo-
graphic coordinates of the new sites and the azimuths of new reference
marks. Because the GPS and the magnetic measurements could be carried
out simultaneously, the observational time was not very much increased.

During the last survey the geomagnetic normal fields that were
adopted were computed by adjustment according to the most frequent
value. The benefit of using this technique is the automatic weighting of the
measurements with respect to their residuals from the normal field. The
reference fields obtained were compared with the results of the traditional
simple and weighted least squares fitting methods. The mean deviations
between the reference fields obtained by the several techniques were com-
parable with the determination errors of the individual components (see
Section 3). It was shown by STEINER [1988] that both the least squares fit-
ting and the adjustment according to the most frequent value give a reliable
result if the distribution of the input data set is of Gaussian type. We would
again emphasize, that the last magnetic campaign was not extended to sta-
tions that are located on areas of local magnetic anomaly. It means — from
the statistical point of view— that our set of observations does not include
extreme values. It is supposed, therefore, that the probable normal distribu-
tion of the measurements around the reference field is due only to this fact.

Hungarian geomagnetic surveys have been repeated every fifteen
years since 1950. Following this tradition, the next campaign is expected to
be carried out around the year 2010. However, in order to follow the varia-
tion of the field during this relatively long period, we are planning to map
the geomagnetic field every 5-6 years using the secular station network of
Hungary, which includes 20 base points.
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Appendix

Names, coordinates, and magnetic field element values of the repeat
stations of the last Hungarian magnetic survey. The field values are re-
duced to the epoch 1995.0. D, I, and F are observed. Hand Z are computed.
The original numbers of the stations included in the 1964-65 survey (see
text) are indicated in brackets. A, SK, and UA mean Austrian, Slovakian
and Ukrainian sites, respectively. For three stations the magnetic declina-
tions were not determined.

A legutobbi magyarorszagi alaphalézatmérés pontjainak nevei, koordinatai, illetve az ott
megallapitott magneses tér komponenseinek az értékei. A tér értékei az 1995.0 epochara vonat-
koznak. D, I, és F voltak a mért komponensek, H-t és Z-t pedig ezek alapjan szamoltuk. Az
1964-65-0s alaphal6zatban is szerepld allomasok eredeti szamait zarojelben kozoljuk. Az A, SK, és
UAjel6lések osztrak, szlovak, illetve ukran alloméasokat jelentenek. Harom pont esetében a magne-
ses deklinaciot nem sikeriilt meghataroznunk.

Station Latitude Longitude D | F H 4
(Degree)  (Degree) (Deg.) (Deg.) (nT) (nT) (nT)
1 Kocs (4) 4757525 18.26009 2.245 63.922 47850.0 21034.9 42978.5
2 Bakonybéank (5) 47.46667 17.89500 2.112 63.788  47830.6 21126.2 42912.1
3 Gunyu (6) 47.73389 17.88818 . 64.001  47878.2 20987.9 43032.9
4 Mez66rs (7) 4759002 17.86712 2.133 63.906  47822.1 21034.5 42947.7
5 Nagygyimot (8) 47.36051 17.52812 2.005 63.668 47791.6 21199.2 42832.6
6 Iszkéz (11) 47.16382 17.29309 1901 63.461 47679.5 21303.2 42655.7
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7 Nyirad (13) 47.01713 1746311 2.020 63.348  47669.8 21383.1 42604.9
8 Kemenespélfa (14)  47.14550 17.17475 1.926 63.436  47697.3 21329.9 42662.3
9 Nyéarad (17) 47.27885 17.33143 1.953 63.563 477485 21258.1 42755.3
10 Vérosléd(18) 47.17048 17.64646 2.051 63.495  47728.0 21299.5 42711.7
11 Nagysimonyi (19) 4727515 17.05701 1.817 63.572  47695.9 21228.2 42711.4
12 Marcali (23) 46.58208 17.36810 2.020 62.977  47509.2 21585.5 42322.5
13 Kd&roshegy (26) 46.81112 17.90700 2.134 63.224 47623.4 214544 42517.0
14 Nagyvazsony (29) 46.99504 17.70089 2.098 63.348 47675.6 21385,8 42610.0
15 Csor (30) 47.18410 18.22754 2291 63.577  47802.3 21272.1 42808.4
16  Vonyarcvashegy (31) 46.75150 17.33324 1959 63.109  47556.3 21509.6 42413.9
17 Gyorkény (35) 46.60579  18.73529 2.269 63.125 47635.3 21533.7 42490.3
18  Sikosd (37) 46.28203 1895663 2.263 62.782  47570.1 21757.6 42302.7
19 Dunapataj (41) 46.61384 19.00305 2.363 63.121  47668.1 21551.1 42518.2
20  Taszér (42) 46.37038 17.93152 2.078 62.800 47533.0 217275 42276.5
21 Fels6rajk (44) 46.66221 16.96574 1.877 62.983  47526.2 21588.9 42339.8
22 Milejszeg (45) 46.81200 16.74145 1.802 63.088 47544.6  21519.9 42395.5
23 Nova (46) 46.67066 16.64510 1.878 63.047  47517.1 21537.3 42355.9
24 Kétvolgy (47) 46.87621 16.22828 1.833 63.168 47558.6 21466.9 42438.1
25  Fels6marac (48) 46.92087 16.51591 1.668 63.158 47613.5 21498.9 42483.4

26  Bajansenye (49) 46.79853  16.40904 1.677 63.112 475535 21505.8 42412.7
27  Szijartéhéaza (50) 46.63872 16.43234 1535 62.954 47517.9 21606.7 42321.4

28  Fertdd (52) 4766483 16.89555 1.952 63.880 47817.9 21051.6 42934.6
29  Agfalva (53) 47.70015 16.53629 1.871 63.893  47800.8 21034.7 42923.9
30 Beled (56) 47.47395 17.08110 1.997 63.775 47786.3 21116.3 42867.6
31 Rajka (58) 47.98793 17.16121 2.094 64.205 47874.1 20832.5 43103.8
32 Hosszuhetény (66)  46.12535 18.34988 2.173 62.600 474915 21855.6 42163.7
33 Torocske (67) 46.32156 17.78484 2.034 62.769  47519.7 21743.7 42253.2
34  Hencse (68) 46.17035 17.62814 2.116 62.598 47447.0 21836.4 42123.5
35  HOb6l (69) 46.00701 17.76003 2.063 62.479 474405 21921.1 42072.2
36 Varalja (70) 46.28703  18.42489 2.209 62.804  47546.7 21730.5 42290.3
37  Szentl@rine (71) 46.01700 17.98485 2.089 62.464  47429.6 21926.8 42056.9

38 Magyarsarlés (72) 46.02866 18.35155 2.173 62.536  47479.4 21896.8 42128.6
39  Enying (75) 46.88865 18.21177 2.205 63.286  47673.3 21431.1 42584.6
40 Bakonycsemye (77) 47.33500 18.10833 2.184 63.670 47809.4 21205.7 42849.2
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52
53
54
55
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57
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61
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64
65
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67
68
69
70
71

72
73
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Balatonkenese (78)
Iregszemcse (79)
Semjénhéza (81)
Csurgb (83)

47.05361
46.68122
46.40207
46.29555

Csokonyavisonta (86) 46.05033

Drévafok (88)
Potony (89)
Kisszentmarton (91)
Magyarbély (93)
Dravaszabolcs (94)
Matételke (98)
Pilismarét (101)
Nyergesujfalu (102)
Ujbarcik (103)
Sérszentagota (105)
Réackeve (106)
Dunavecse (107)
Fiilophaza (108)
Kiskoros (109)
Bocsa (111)

Ocsod (112)

45.87031
45.92699
45.78472
45.85864
45.79447
46.17853
47.79720
47.76096
47.47031
46.93366
47.20296
47.01091
46.88140
46.64804
46.66802
46.83709

Kunszentmarton (113)46.74977

Bugac (114)
Galgahéviz (117)
Zsdmbok (118)
Tapiogyorgye (120)
Nagykoros (124)
Szank(127)
Kalocsa (128)

Szalkszent-
marton (129)

Asotthalom (130)
Kéleshalom (131)

46.66612
47.65591
47.54885
47.31548
47.02045
46.54547
46.49627

46.94973
46.23869
46.36038

18.09207
18.17818
16.88804
17.10630
17.41978
17.-TO5I3
17.76649
17.62481
18.04911
18.49823
18.20478
19.22644
18.89162
18.59104
18.57520
18.57312
18.91651
18.99020
19.45305
19.25338
19.51559
20.41013
20.29816
19.76283
19.59295
19.63840
19.97342
19.83006
19.69839
19.01394

19.12535
19.70672
19.20832

2.180
2.165
1.849
1.959
2.026
1.y7
2.019
2.024
2.105
2.204
2.119
2.349
2.399
2.346
2.327
2.385
2.324
2.301
2,517
2.444
2.500
2.602
2.596
2.528
2.629
2.603
2.599
2.718
2.548
2.386

2.409
2.525
2.384

63.424
63.079
62.799
62.726
62.476
bl.bZb
62.333
62.394
62.270
62.347
62.292
62.711
64.068
64.069
63.817
63.355
63.598
63.409
63.346
63.150
63.172
63.378
63.261
63.187
64.018
63.949
63.778
63.503
63.056
62.991

63.380
62.829
62.873

47719.1
47669.3
474448
47438.1

47416.7
47435.T
47362.6
47382.0
47349.5
47413.1

47367.5
47563.2
48010.1

47932.5
47856.4
47734.3
47812.8
47797.6
47750.0
47697.2
47721.2
47851.3
47822.9
47766.0
47994.9
47964.3
47950.7
47842.8
47732.7
47685.1

47766.0
47618.0
47612.5

21348.8
21583.0
21687.8
21738.6
21,9125
21X14.4
21992.1
21956.2
22032.2
22004.8
22024.0
21807.0
20995.0
20960.0
21115.9
21407.1
21261.1
21395.0
21421.0
21542.6
21537.6
21442.0
21517.0
21546.1
21026.0
21064.3
21187.0
21345.3
21628.6
21655.1

21402.4
217444
21709.5

127

42677.2
42503.4
42197.7
42164.0
42049.8
4219.4
41947.1
41987.8
41911.3
41997.5
41935.9
42269.5
43176.1
43106.9
42945.9
42665.0
42825.6
42741.8
42675.6
42555.1
42584.6
42778.4
42708.9
42630.5
431441
43091.4
43016.0
42817.2
42551.3
42484.4

42702.8
42363.4
42375.1
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74 Mélykat (132) 46.24037 19.43001 2.447 62.787  47639.4 21785.7 42366.2
75 Zsana (134) 46.37340 19.70419 2535 62.905 47648.8 21702.6  42419.4
76  Oroshéaza (135) 46.62539 20.63515 2.691 63.187 477773 21551.7 42640.3

77 Derekegyhaza (136) 46.58040 20.32678 2582 63.125 47742.8 21582.0 42586.3
78  Csabacs(id (138) 46.80708 20.61848 2.683 63.348  47845.6 21462.0 42762.0
79  Ketsoprony (139) 46.70206 20.84183 2.767 63.268 47816.1 2130X.7 42/01).4

80 Mezbkovacs-

haza (144) 46.36680 20.98200 2.804 62.970 47721.6 21687.6 42508.8
81 Battonya (145) 46.31469 21.07999 2.788 62.930 47709.8 217114 42483.4
82 Zsadany (146) 46.94876 21.50359 2933 63.500 47930.1 21386.3 42894.3

83 Csardaszallas (147) 46.87719 20.90941 2738 63.416  47884.0 21428.6 42821.6
84  Vészt6 (148) 46.93861 21.31405 2.875 63.507 47915.7 21374.5 42884.1
85 Pusztaottlaka (149) 46.53205 20.97851 2.900 63.11.9 47802.4 21613.6 42637,1
86  Kunpeszér (151) 47.09165 19.23678 2.356 63.517  47889.8 21355.5 42864.6
87  Kenderes (152) 4722726 20.62191 2.782 63.705  47919.2 21227.7 42960.8
88 Hajduszoboszlé (158) 47.48724 21.48060 2.977 63.991  48096.8 21090.8 43225.9

89  Furta (159) 47.10086 21.46354 2.930 63.632 48000.4 21318.9 43006.3
90 Hajdad-

bészérmény (160) 4759209 21.44154 3.063 64.041  48148.9 21076.1 43291.0
91 Nédudvar (162) 47.43417 21.07427 2875 63.928 48057.5 211211 43167.4
92 Kaba (163) 47.36407 21.34246 2.949 63.896 48047.4 211413 43146.2
93  Tiszaszoll6s (164) 4752382 20.71352 2.732 64.021 48068.4 21055.9 43211.3
94  Egyek (165) 4759389 20.85480 2.840 64.089  48076.8 21008.5 43243.8
95  Bugyi (167) 47.20954 19.11324 2453 63.632 47831.1 21243.4 42854.8
96  Zarank (168) 47.63051 20.09678 2.736 64.068  48055.3 21014.7 43216.8
97  Tenk (169) 47.66849 20.34180 2.722 64.112 481013 21001.5 43274.4
98  Jéaszapati (171) 4751165 20.18266 2.590 63.982  48015.9 21062.5 43149.7
99  Besenyszog (172) 4726492 20.22448 2.670 63.737  47924.7 21206.5 42977.5
100 Tiszaslly (173) 47.39048 20.33013 2.688 63.873  47964.7 21122.2 43063.5
101 Tiszab6 (174) 47.29944 2051317 2.644 63.799 47968.4 21178.9 43039.8
102 Domony (176) 47.64335 19.43157 2543 64.014  47958.7 21013.2 43110.1
103 Kokad (178) 47.38828 21.94888 3.039 63.885 481125 21177.7 43200.9

104 Hosszupalyi (179) 47.38225 21.74328 3.053 63.888 48099.0 21169.8 43189.7
105 Kismarja (180) 4723116 21.84392 2.995 63.773  48095.8 21254.7 43144.5
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Szentpéterszeg (181) 47.25379

Korosszegapati (182) 47.06627

Nyiradony (190)
Hajdavid (192)
Csanytelek (194)
Mez6hegyes (19/)
Békés (199)
Flzesgyarmat (200)
Ujszalonta (201)
Dévavanya (203)
Kordsladany (204)
Tiszabura (207)
Karcag (208)
Dunateiétlen (210)
Helvécia (211)
Dabas (212)
Lajosmizse (213)
Kecskemét (214)

Jaszalso-

szentgydrgy (215)

Harsany (219)
Gesztely (220)
Mez6csat (224)
Aggtelek (225)
Egerlévé (226)
Csékberény (228)
Sata (231)
Noszvaj (232)
Verpelét (233)
Nagyoroszi (237)
Csény (239)

Cserhét-
szentivan (241)

Kisbagyom (242)

47.71683
47.75552
46.61538
46.28324
46.76374
47.12232
46.82520
46.97874
46.93836
47.42963
47.24506
46.75234
46.82803
47.19518
47.03712
46.95900

47.45883
47.94197
48.12452
47.82553
48.45559
47.74362
47.33382
48.20057
47.94387
47.84488
47.99222
47.66052

47.94221
47.82554

21.61193
21.64570
21.883.98
21.53028
20.12651
20.69622
21.07187
21.18313
21.48396
21.00939
21.03477
20.54707
20.83364
19.10616
19.66105
19.32262
19.58170
19.66009

20.09678
20.71961
20.94577
20.83687
20.49015
20.59257
18.37490
20.39477
20.48350
20.19328
19.09332
19.81675

19.57004
19.56172

2.921
2977
3.100
2.973
2.464
2.741
2.838
2.857
2.777
2.736
2.753
2.694
2.829
2.390
2.564
2.476
2.588
2.589

2.639
2.874
2.909
2.962
2.823
2.852
2.286
2.776
2.812
2.623
2.540
2.484

2.576
2.572

63.782
63.627
64.239
64.251
63.153
62.901
63.363
63.649
63.417
63.514
63.476
63.862
63.758
63.216
63.317
63.635
63.479
63.434

63.847
64.343
64.489
64.246
64.774
64.193
63.705
64.557
64.325
64.181
64.350
64.067

64.277
64.167

48039.7
47994.2
48179.2
48212.0
47796.3
47675.6
47844.1
48016.6
47880.3
47934.6
47905.9
48022.1
47951.1
47714.1
47783.2
47859.9
47820.8
47820.1

47981.0
48139.8
48216.3
48115.7
48260.2
48082.4
47805.3
48179.0
48115.1
48098.1
48034.3
47995.2

48016.6
48027.9

21223.4
21319.6
20939.5
20945.0
21584.9
21717.5
21450.5
213134
21426.3
21378.1
21393.6
21155.6
21202.1
21501.1
21457.2
21254.2
21353.6
21386.2

21148.9
20844.0
20766.4
20906.5
20567.7
20932.1
21177.4
20698.5
20846.4
20948.2
20792.6
20989.5

20840.2
20928.4

129

430.97.3
42999.1
43390.9
43424.7
42644.8
42441y
42766.0
43027.1
42818.7
42903.4
42863.6
43111.1
43009.1
42595.0
42694.5
42881.6
42788.5
42771.4

43068.6
43393.2
43515.2
43336.4
43658.0
43287.0
42858.7
43506.2
43364.6
43296.6
43300.8
43162.2

43258.3
43228.3
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138 Szendrdlad (243) 48.37124 20.78910 2.928 64.712 48256.9  20613.9  43632.S

139 Zsujta (246) 4850727 21.30026 3.338 64.774  48316.3 20591.9 43708.6
140 Vilyvitany (247) 48.47894 21.58196 : 64.902  48150.5 20424.2 43604.2
141 Felsédobsza (248) 48.26662 21.10514 2.945 64.631  48259.9 20676.6 43606.1
142 Szerencs (250) 48.12556 21.14689 3.014 64.504  48222.6 20757.4 43526.4
143 Tiszacsege (255) 47.67559 21.15431 2912 64.178 481104  20955.6 43306.7
144 Beszterce (259) 48.15270 21.84718 3.207 64.566  48289.5 20738.8 43609.4
145 Uijtikos (260) 4791988 21.23637 2.86.3 64.437 48155.1 20779.1 43441.3
146 Gyomr6 (262) 47.41244 19.38765 2.423 63.815 47903.4 211381 42987.4

147 Jéaszberény (263) 4756550 19.93676 2.731 63.963  47984.3 21062.7 43114.4
148 Csévharaszt (266) 47.30549 19.45337 1541 63.743  47862.0 211743 42923.4
149 Kiskunhalas (268) 46.44160 19.38154 2.428 62.945  47653.8 21675.3 42439.0

150 Legénd (271) 47.86554 19.29001 2.623 64.186 48019.5 20910.5 43227.6
151 Tahitétfalu (274) 47.77472  19.09960 2.448 64.096  47983.2 20962.4 43162.1
152 Zsombo (276) 46.33432 19.94601 2.618 62.913  47654.1 21699.1 42427.1
153 Tok (279) 4759051 18.72661 2.355 63.962 47911.0 21031.7 43048.0
154 Tékos (280) 48.14890 22.39538 3.302 64.573  48336.2 20753.8 43654.0
155 Nagyszekeres (284) 47.96391 22.61877 3.243 64.516  48295.5 20779.6 43596.6
156 Csenger(285) 47.86013 22.71021 3.211 64.368  48269.6 20880.9 43519.5
157 Vitka (287) 48.08012 22.29701 3.226 64.542  48314.4  20767.7 43623.2
158 Eperjeske (289) 48.34062 22.22705 3.336 64.700 48341.1 20659.1 43704.3

159 Nyirkarasz (290) 48.12382 22.13402 3.285 64.549  48292.1 20752.8 43605.6
160 Révlednyvar (291)  48.32158 22.04719 3.005 64.706  48331.8 20650.5 43698.1

161 Kotaj (292) 48.04511 21.76159 3.128 64.480 48222.3 20775.1 43517.7
162 Elek (295) 4656294 21.26092 2.938 63.229 47873.7  21563.7 42742.2
163 Nagycenk (301) 47.63275 16.72106 1568 63.852  47768.2 21051.0 42879.6
164 Baéta 46.11768 18.77142 2.244 62.636  47531.0 21847.5 42212.3
165 Csanadalberti 46.31982 20.67189 2.688 62.920 47678.8 21704.8 42452.0
166 Csamota 4588371 18.21726 2.135 62.349  47392.0 21993.8 41979.5
167 Diszei 46.88368 17.49135 2.014 63.242 476205 21439.8 42521.1
168 Eplény 47.22528 17.88528 2.150 63.542  47769.7 21283.1 42766.5
169 Bdéséarkany 47.70280 17.24286 2.024 63.942 47886.4  21035.4 43018.8
170 Szerep 4721718 21.15017 2.890 63.791  48043.1 21218.0 43103.8

171 Cirdk 47.45077 17.02713 2.002 63.800  47756.5 21085.1 42849.8
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Pen” 47.78873
Pilis 47.28994
Gyorszentivan____ 47.72040
Tdrje 46.96969
Bokahaza 46.77920

Cserebokény 46.75559

Hurbanovo - SK 47.87417
Pusztazdmor 47.38362

Kélpé___ 47.08810
Miskok 48.07496
Pétervaséara 47.98117

Nizsnye

Szeliscse - UA 48.19608

Kondorfa 46.88461

Vamosszabadi__ 47.76388

Lenartovce - SK 48.31615

Janik-SK 48.57818

Zselovce-SK__ 48.12898

Noly Straz - SK 47.75888

Samnrin-SK 48.04080

Jennersdorf-A 46.93565

Apétion - A 47.76298

Zumdorfe A 47.94840

Oberpullendorf-A  47.50774

Regoly

46.56030

19.28266
19.60027
17.74154
17.08262
17.11744
20.47291
18.19000
18.79921
20.50586
20.45545
20.14853

23.45697
16.39443
17.61075
20.32553
20.91086
19.37348
17.27491
17.33922
16.15975
16.83944
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16.58313
18.36881

2.475
2.619
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1.894
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2.196
2.428
2.825
2.767
2.682

3.563
1.664

2.726
2.960
2.586
2.192
2.122
1.851
1.955
1.968
1.911
2.220

64.147
63,796
63.727
63.284
63.111
63.292
64.082
63.784
63.608
64,427
64.314

64.626
63.129
64,101
64.653
64.884
64.462
64.043
64.305
63.202
64.024
64.159
63.845
63.069

48006.2
47917.1
47886,8
47635.3
47566.3
47830.1
47950.6
47852.3
47884.9
48156.5
48106.9

48385.7
47606.0
47919.0
48182.1
48300.2
48051.5
47897.8
47903.4
47535.0
47823.3
47862.1
47675.0
47665.7

20933.9
21158.8
21196.7
21415.6
21512.5
21497.1
20958.2
21139.1
21285.5
20787.3
20851.7

20734.6
21516.8
20930.0
20626.8
20501.4
20715,2
20964.6
20770.2
214313
20946.1
20861.6
21015.0
21588.4
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43201.5
42992.5
42940.0
42549.9
42423.6
42727.0
43127.9
42930.0
42893.9
43438.9
43353.0

43717.9
42466.0
43106.4
43543.6
43733.3
43357.0
43066.0
43166.4
42429.6
42992.2
43076.4
42793.4
42496.6
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Geomagneses alaphal6zat mérés Magyarorszagon 1994-95 folyaman
valamint a tér szekuldris valtozdsa 1950 és 1995 kozott

KOVACS Péter és KORMENDI Alpéar

A legutdbbi orszagos alaphaldzat-mérésiinkre 1994 és 1995 folyaman keriilt sor. Hal6zatunk
195 pontot tartalmazott, amelyeken kdzvetleniil a magneses deklinaciét, inklinaciét, valamint a tér
abszolut értékét mértiik DI iluxgate, valamint protonprecessziés magnetométerek segitségével. Az
allomasok foldrajzi koordinatait, illetve a referencia pontok iranyait a legtobb esetben CfPS vevék
segitségével allapitottuk meg. Az eredményeket a tihanyi geomagneses obszervatorium regisztratu-
mainak a felhasznalasaval az 1995.0 epochara redukaltuk. A tér komponenseinek normaltereit a
foldrajzi koordinatdk masodrend(i polinomjaiként hataroztuk meg. A polinomok egyitthatéit a
leggyakoribb érték szerinti kiegyenlités felhasznalasaval szamoltuk. A tér szekularis valtozasanak
normal eloszlasat a legutobbi és az 1949-50-es orszagos alaphal6zat-mérés eredményei alapjan
ugyancsak a foldrajzi koordinatak masodrendii polinomjaiként adtuk meg.
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