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ABSTRACT

One of the main challenges on the course of the repeat station surveys is
to determine the spatial differences of the geomagnetic elements between the
repeat stations and the reference observatory. The difficulty arises from the
fact, that the directly obtained differences are affected not only by spatial but
also by temporal effects of external origin. The error deriving from the ex-
ternal effects can be efficiently diminished by the installation of an on-site
vector variometer. In this case the spatial difference can be computed for
night-time period, when the external field is less varying (both spatially
and temporally) than during daytime. Installation of the on-site variome-
ter in the field requires the fulfillment of nearly the same conditions as in
the observatories, i.e. the control of the reference frame, the scale factors, the
offsets, and the temperature effects of the magnetometer. The principle of
the fluxgate and DIDD magnetometers is quite different from each other,
therefore the two devices provide different possibilities to obtain accurate re-
sult. The paper discusses some of the possible instrumental errors and of-
fers a method based on the DIDD technology for the determination of the
reference frame of a portable recording station. We analyse real records
measured during the joint Hungarian-Croatian repeat station survey.

1. Introduction

Geomagnetic observatories provide high quality records
of the magnetic field elements continuously, with high tem-
poral resolution. The density of the observatories however is
not enough to monitor the relevant variation of the internal
magnetic field in spatial scale. Therefore, decades ago, repeat
station (RS) networks were established in the different coun-
tries with the aim of periodically monitoring the secular
magnetic variation in uniform spatial distribution.

During the reoccupations of repeat stations a series of
absolute magnetic data are produced. The measurements are
carried out according to the recommendations of IAGA and
MagNetE. In order to be able to temporally compare the sec-
ular data measured in different epochs, the measurements
are reduced to common epoch using the permanent record
of a reference observatory. On the course of the temporal
reduction it is assumed that (1) the secular variations and (2)
the transient magnetic variations are identical at the repeat
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station and the reference observatory [Newitt et al 1996,
Korte 2001]. The first assumption is generally valid if the
time between the reoccupation of the secular station and the
epoch of reduction is less than half a year. The identity of
the transient variations of external origin however is seldom
satisfied. The spatial and temporal dependence of the tran-
sient field variations are basically affected by the following
regularities:

a) the variation of the north magnetic component in-
creases with the geomagnetic latitude;

b) the spatial variation of the east transient magnetic
field is basically affected by the longitudinal distance from
the reference observatory;

¢) recombination of the ring current developing during
geomagnetic storms can result in long-lasting (typically more
than 3 days) drift in the differences of corresponding com-
ponents measured in different sites;

d) the variation of the vertical transient field is influ-
enced by the spatial variation of the electrical conductivity of
the subsurface through the telluric currents;

e) near the seaside extra magnetic field is produced by
high conductivity contrast between of the ocean and the
mainland;

f) the tectonomagnetic effect caused by mechanical
stress may result in extra magnetic field in certain sites as
compared to the reference observatory.

The influences of the most part of the above effects on
the accuracy of the temporal correction can be minimized
by completing the magnetic secular measurements in quiet
geomagnetic conditions, i.e. in periods void of geomagnetic
storms and in night-time when the solar quiet magnetic vari-
ation is the most stable. It must be emphasized however that
some of the listed magnetic phenomena (e.g. tectonomag-
netic variation) are independent from the geomagnetic cir-
cumstances, thus their effects in the temporal corrections are
completely unavoidable.

Nowadays, the practice of the field absolute measure-
ments are based on the absolute instruments (DIM, PPM),
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since they are basically free from calibration errors and tem-
perature effects (at least theoretically). The automatic oper-
ation of the DIM device for providing permanent declination
and inclination values in a longer period however is not yet
applied in the field.

The condition for the quiet-time observation can thus be
rarely satisfied in the practice of the repeat station campaigns,
since the measurements must be carried out in daytime when
the bearing azimuths are visible. To extend the observations
to the more quiet night-time period it is suggested then to in-
stall a tri-component portable variometer in the vicinity of
the repeat station. The closeness is necessary for ensuring the
identity of the geomagnetic variation in the repeat station and
the variometer site. By establishing the basis of the variome-
ter through the absolute measurements the variometer
record can be referenced to the repeat station.

Thus, the station can function as a temporary observa-
tory, provided that the setup of the variometer is prudently
completed and the accuracy parameters (e.g. orientation,
scale factors, temperature of the device) of the instrument
are continuously controlled.

In this paper we present the most important behaviours
of two classical observatory variometers, i.e. the fluxgate and
DIDD magnetometers. We argue that for field use the DIDD
is superior than the fluxgate instrument. For this reason, we
summarize the way of installation of the DIDD device in field
environment and provide method for the determination of
its calibration parameters. Finally, the calibration results are
shown in case studies carried out in the Tihany observatory
and in repeat stations of Hungary and Croatia.

2. The fluxgate magnetometer

The principle and the operation of the fluxgate (FGE)
instrument are described by Jankowski and Sucksdorff
[1996]. The biggest advances of the fluxgate devices are the
low noise and the relatively high frequency response. For the
calibration of the device twelve parameters have to be de-
termined (three offsets, three scale factors, three orthogo-
nality errors of the sensors and three orientation errors).

Marsal et al. [2009] described the on-site calibration pro-
cedure of the FGE magnetometer. From this it is evident
that the completion of the whole process is unrealistic dur-
ing the reoccupation of a repeat station. Namely, the ab-
solute measurements made in the field survey can only
calibrate the offset values of the FGE instrument, while the
possible tilt of the sensor modifying the orientation of the
device as well as the scale factor of the instrument remain
undetermined. The usual comparison of the total field val-
ues measured by the PPM instrument and calculated from
the three-component variometer record may also help to
further correct the variometer data. However, since the con-
tribution of the Y magnetic field in the calculated total field
is practically negligible, the sensitivity of the above method
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is very limited regarding especially to the east component.

The fluxgate devices need a priori and a posteriori check
in a reference observatory. During this process the data of
the test instrument is compared with the observatory records
during a certain period [Newitt et al. 1996]. It is noted that
this procedure is necessary but still not enough for satisfying
the requirements of an exact calibration.

The temperature effects of fluxgate magnetometers
were presented by Newitt et al. [1996] in detail. Our tem-
perature tests in the Tihany Geophysical Observatory prove
that the most of the fluxgate magnetometers have large tem-
perature coefficients and their behaviour depends signifi-
cantly on the amplitude of the temperature change. Thus,
the determination of a general temperature coefficient, as a
correction factor is very limited [Csontos et al. 2007].

There are further possible sources of errors of the flux-
gate devices, such as different type of orientation errors, or-
thogonality errors, voltage dependence of electronics, etc.
Usually, these effects appear simultaneously. Unfortunately,
there are no general solution for separating these errors and
correct the dataset afterwards. For the case of the data re-
duction, the errors caused by the unknown calibration pa-
rameters of a fluxgate device may be occasionally higher
than that caused by the non-identical external field variation
between the station and reference observatory. Anyway, the
recommendations of the book Guide for magnetic repeat sta-
tion survey [Newitt et al. 1996] provide a useful help how to
reach the best result with fluxgate magnetometers.

3. The DIDD system and its operation

3.1. The technical details of the DIDD system with its theo-
retical background

The DIDD instrument consists of a double coil system
whose axes are perpendicular to each other. The axis of the
D coil is horizontal and lies nearly at right angle to the local
mean magnetic N-S direction, while the I coil axis lies in the
local mean meridian plane nearly at right angle to the mag-
netic field. In the geometrical center of the system there is a
sensor capable of measuring the total magnetic field. On the
course of the operation of the DIDD parallel and antiparal-
lel currents of same strength are introduced into each of the
coils producing deflection field of about 10000 n'T along the
axis of the two coils. From the values of the deflected total
field readings, the declination and inclination components
can be concluded. The prototype of this system, designed in
the late 1960's, used a Helmholtz coil system with a proton
or optically pumped Rubidium and Cesium sensor.

Cooperation on a spherical coil, approximately 30 cm in
diameter, began in the 1990s between ELGI and USGS. The
product of this joint work was a molded spherical coil system
made from epoxy resin. The development of the Overhauser
magnetometers enabled to construct the fast DIDD system.
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An ideal solution is GEM's Overhauser magnetometer with
a built-in current generator. The cycle time of one reading is
1 or 0.5 second and the resolution of the Overhauser mag-
netometer is 0.01 nT [Csontos 2001].

A new Overhauser sensor with 150 mm in diameter was
developed in 2002. For this sensor B. Heilig modeled a new
spherical coil system which had a diameter of 200 mm. This
size was sufficiently small to construct a suspension device
and to build a user friendly magnetometer. The demand for
the field use of the system required the development of the
MAGLIN data acquisition software enabling the remote con-
trol and remote checking of the data record via internet. The
software was running under Linux operation system. This
solution was flexible and stable enough to run on industrial
PC which needed only 5W. The total consumption of the
electronics of the DIDD, the GPS receiver and the PC was
not more than 10W so a 88Ah battery was far enough for the
period of a short-term (maximum a week) reoccupation.

The phases of the development and tests of the instru-
ment were repeatedly presented [see, e.g., Csontos et al.
2001, Hegymegi et al. 2004, Csontos et al. 2007]. Hegymegi
et al. [2009] suggested that the capabilities of the instrument
and its recording system developed by ELGI were ready for
field work.

One cycle of DIDD measurement, i.e. one determina-
tion of the magnetic components, consists of 5 readings on
the PPM in the following order:

-F (total field without deflection)

-D+  (total field deflected parallel to the D axis)
-D—  (total field deflected antiparallel to the D axis)
-1+ (total field deflected parallel to the I axis)

-1- (total field deflected antiparallel to the I axis)

The advances of this instrument can be summarized in
the following points:

- Since the DIDD system is based on the function of a
nuclear magnetometer the instrument can be qualified by
the usual parameters of the nuclear magnetometers, i.e. ac-
curacy, sampling interval etc. It also follows, that the scale
factor and the offset do not need to be calibrated.

- Only the following four values have to be calibrated for
the determination of the reference frame of the device
[Heilig 2007]:

i) I,value

ii) D, value

iii) orthogonality error of magnetic axes
iv) the leveling error of the D coil.

The DIDD reference frame is defined physically by the
D coil and I coil axes. They should be orthogonal and the D
coil should be horizontal, in case of the perfect alignment of
the instrument. Once we know the I and D, angles of a per-
fectly adjusted DIDD device, its reference frame is also es-
tablished. Several solutions were developed for establishing
the correct adjustment of the coil system [see Alldredge
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1960, Csontos et. al. 2001]. The published methods were suit-
able to align the coil system but the continuous monitoring
of the reference frame was not ensured. Further uncertainty
of these methods can be the implicit assumption that the me-
chanical and the magnetic axes of a coil are parallel.
Mathematical solutions were also published to deter-
mine the reference frame of the DIDD system by using a
DIM [Schott et al. 2001, Schott and Leroy 2001, Heilig 2007]
or a pre-calibrated variometer [Heilig 2007] as an independ-
ent reference instrument. The introduction of a new method
for measuring the orthogonality error of the DIDD [Heilig
2012] was another important improvement. The method for
monitoring the orthogonality of the DIDD gives us the pos-
sibility to apply a way to monitor the reference frame of a
DIDD by using the results of absolute measurement. We
used the new practices during our repeat station survey.

3.2. Installation of the device in the field

The installation of the DIDD is simple provided that the
gradient of the geomagnetic field is low. The device is rela-
tively small and the suspension eliminates automatically the
tilt of the pillar. Further advance is that the readings give a
perfect basis for the correct orientation. The material of the
coil system and other suspended parts are moulded from the
mixture of epoxy resin and fibreglass. The other parts of the
mechanic are made from aluminium.

Recommended steps for the complete installation:

1) Choose a hidden and shaded place near the repeat sta-
tion, e.g. bush, forest or a cave etc. The distance between the
DIDD and other recording sensors should be minimum 10
meters. If the spatial gradient of the geomagnetic field is
high or not constant (typically in conductivity anomalous or
volcanic area) try to minimize the distance between the re-
peat station and the DIDD site.

2) Check the gradient of the total field at the selected
site to avoid the effects of any ferromagnetic materials on
the measurements. Less than 3 n'T'/m gradient is acceptable.
(Anomalous, for example basaltic, area requires special solu-
tions, i.e. the observer has to measure the difference of the
geomagnetic elements between the repeat station and the
place of DIDD.)

3) Place the DIDD insturment on a nonmagnetic lev-
elled hard plate (e.g., marble) (see Figure 1).

4) Level the instrument by using its bubbles.

5) Adjust the orientation of the coil system by observing
the difference of the corresponding deflected components and
test the direction of the deflected components. See the user
manual [dIdD v.7.0] listed in the References for more details.

6) Cover the sensor by a water resist and temperature
isolator cylinder and put a heavy nonmagnetic weight on the
top of it.

7) Put the battery, the electronics and the data recording
PC in a plastic box, then connect the sensor and start the
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Figure 1. The DIDD device on levelled marble plate in Krbavsko Polje sta-
tion. The green cylinder on the the left is the instrument case which protects
the instrument against humidity and improves the temperature stability.

recording. The distance between the box and the sensor
should be more than five meters.

8) After the first set of absolute measurement calculate
the preliminary I, and D values and modify the initializa-
tion file of the data logger.

9) Measure the orthogonality error of the DIDD. In this
process the D and I coils have to be connected in series to en-
sure the same current in both coils. The current is supported
by the built-in current generator of the electronics. Tune
the magnetometer first to the field magnitudes to be meas-
ured. Then, record the following 5 s long sequences of read-
ing: E, D+I+, D-I—, E E and E D-I+, D+I—, E E where
D+I+, D—I—, D—I+, D+I— mean the total field values de-
flected by the I and D coils jointly in parallel or antiparallel
sense. This measurement should be repeated at the end of
the reoccupation.

Magyarorsz‘ag

Adriatic
Sea

Figure 2. The repeat stations where the DIDD device was applied (from
South to North PALAgruza, SINjsko Polje, KRBavsko Polje and Aggtelek).
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10) In order to be able to determine the DIDD's refer-
ence from the DMI measurements (see next section) it is nec-
essary to measure the difference of the corresponding
magnetic components between the DIDD and the repeat sta-
tion sites. Note, that this step can be avoided if the field gra-
dient between the repeat station and the DIDD site is
expected to be low.

The measurement can be performed in the following
way: mark the original place of the DIDD and setup the
DIDD instrument on a temporary site. It can be supposed
that the leveling and orthogonality errors do not change sig-
nificantly during the moving. Take the absolute measure-
ments on the repeat station and on the original DIDD site,
and then compute the bases of the DIDD device from each
measurement. The difference between the obtained base val-
ues rely on the field difference between the original place of
the DIDD and the repeat station. For that it is supposed that
the reference frame of the DIDD remains stable during the
absolute measurements.

3.3. Calculation of the reference frame with comparison of
the DIM and DIDD results

If the orthogonality error of the DIDD system is
known, the measured (B, B;, B,) magnetic elements can be
transformed to an orthogonal reference frame where the
components are denoted by B,, B, B,. Then, the ordinary
X,Y, Z (North, East, vertical) magnetic components can be
obtained by the following equation system [Heilig 2007]:

X = B, cosD, coslj — B, (cosD, sinl sing, + sinl sing,) —
— B, (cosD, sinl cosg, — sinD,, sing)

Y = B sinDcosl, — B, (sinD, sinl; sing, — cosD, sing) —
— B, (sinDy, sinl cosg, + cosD,, sing)

Z= Bsf s1nIO + Bdc cosI0 sing, + BiC cosI0 Cosg

where g, I, and D, are the three unknown orientation an-
gles of the DIDD system (see 3.1).

After determining the X, Y, Z absolute magnetic compo-
nents in a certain time, t, and at the place of the DIDD device,
the above equations are eligible to deduce the orientation an-
gles. The absolute components are measured by DMI instru-
ment at the repeat station pier and referenced to the DIDD
site by using the previously determined component differ-
ences between the two places (see previous section).

In our work the (1) Equation system was solved by the
fsolve and fminsearch functions of the GNU Octave soft-
ware. In order to have a better approximation of the real ori-
entation angles, it is recommended to use more than one set
of absolute components measured at times t,. In that case we
have more equations than unknowns, and the solutions and
uncertainties of the orientation angles can be obtained ac-
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Figure 3. The absolute values of the X magnetic field observed on the absolute pillar of Tihany observatory in the test period of the DIDD device.

cording to the method of least squares. To increase the reli-
ability of the numerical solutions, it is advisable to carry out
the absolute measurements in those t, times between that
the magnetic field exhibits considerable variation.

The numerical tests of the method evidenced that for
the determination of the & levelling error with an accuracy
of 10 arc second, the absolute components must be meas-
ured with 0.01 n'T accuracy. It is noted however, that this ac-
curacy can be seldom achieved, especially in the case of the
Y component. Moreover, the Y component is barely sensi-
tive to the leveling error of the DIDD in comparison with
the X and Z components. For this reason, it is recommended
to use only the most reliable X and Z components in the (1)
Equation system for the determination of the orientation pa-
rameters, if more than one series of absolute measurements
are available, i.e. if more than three equations can be for-
mulated from the results of the two components.

The certainty of a given solution can be tested by fixing
the measured and computed difference of a given compo-
nent below a certain limit, while allowing growing the resid-
ual of the other component without bound. Then, the
constraint is applied to the other component. If the adjusted
parameters do not change considerably in the two cases, the
solution can be regarded reliable.

4. Examples of real measurements — Case studies

The methods described above enable one to calibrate
the DIDD system in terrain environment. In the following,
some of the real surveys carried out with the application of
the portable DIDD magnetometer are briefly introduced in
order to present the limit of the calibration method and sug-
gest additional guides for the observers. Some of our experi-
ences are related to the results of the joint Croatian-Hungarian
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repeat station survey carried out in 2010. Figure 2 shows the
repeat stations for which the portable magnetometer was ap-
plied in the data processing.

Further experiences with the application of the portable
DIDD instrument were gathered in the Tihany Geomagnetic
Observatory in the year of 2011. This test provided excellent
occasion for the comparison of the records of the portable
DIDD and the observatory base system.

4.1. Instrument test in the Tihany Geophysical Observatory

The portable DIDD system was setup in the garden of
the observatory. We used the instrumentation and infra-
structure of the observatory (i.e., Zeiss 010A theodolite
equipped by DMI D&I one component fluxgate device and
GSM-19 Overhauser magnetometer) for the absolute meas-
urement to ensure the best quality of the test. The difference
in the magnetic H and Z components measured between the
absolute pillar and the DIDD site was found to be 5.5 n'T and
10 nT, respectively. (For the case of the east magnetic com-
ponent we estimated 5 n'T of difference.) We used a proto-
type of GEM System DIDD device, that measured the
orthogonality error of the coil system automatically at every
midnight (see Figure 4). In order to ensure the best precon-
ditions for the calibration of the DIDD (see previous section),
the absolute measurements were performed in periods when
the normal daily geomagnetic variations exhibited extreme
values (see Figure 3). For the determination of the orienta-
tion values we applied the method described in Section 3.3.
As a result of the long series of absolute measurements not
only one set of reference frame parameters but also its tem-
poral evolution could be monitored (Figures 5, 6, 7) for the
test period. The parameters were established for noon and
midnights by using two sets of absolute components ob-
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Clockwise from top left: Figure 4. The measured orthogonality error of the
DIDD system; Tihany observatory 31.08.2011-02.09.2011. Figure 5. The
estimated I, parameter of the DIDD system computed with the conditions
of [X as — X comp. | <0.1nT (bluedots)or |Z . — Z comp. [|<0.1nT (pink
dots); Tihany observatory 31.08.2011-02.09.2011 (see text). Figure 6. The
estimated D parameter of the DIDD system computed with the conditions
of | X eas — X comp. | <0.1nT (bluedots)or |Z . — Z omp. |<0.1nT (pink
dots); Tihany observatory 31.08.2011-02.09.2011 (see text). Figure 7. The
estimated levelling errors of the DIDD system computed with the
conditions of | X ..o =X o | <0.1nT (blue dots) or [ Z, ., = Z o |

< 0.1 nT (pink dots); Tihany observatory 31.08.2011-02.09.2011 (see text).

tained from consecutive morning-afternoon or afternoon-
morning measuring series. The method requires high accu-
racy in the DMI measurements and stable magnetic field
difference between the DIDD and DMI sites. The possible
errors of DIM measurement or the varying spatial gradient
can result in unrealistic output of the numerical iteration.
Since the determination of the east magnetic component
may exhibit unacceptable uncertainty, our numerical analy-
ses were based only on the X and Z component absolute
magnetic determinations. The solutions for the reference
frame parameters were computed for the conditions of
| X L eas — Xcomp_\ <01nTor |Z . — Z comp. |<0.1nT
where the meas. and comp. indices mean the measured and
computed (Equation 1) component values (see previous sec-
tion). The obtained results are shown on Figures 5-7 for both
cases. It was concluded that the reference frame parameters
were robust against the applied conditions, thus the obtained
solutions were found to be reliable.

The mean values (+ standard deviation) of the reference
frame parameters of the DIDD system calculated for all days
of the Tihany test period are: I; = 63.5146° £ 0.0008°; D, =
3.8631° £ 0.0047°; £y = 0.7764° £ 0.7151°%; Ep = 0.05° &
0.0157°.

The final baseline of the DIDD system is presented in
Figure 8.
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It can be concluded that the baselines of the instrument
fulfill the IAGA requirements [Newitt et al. 1996], i.e. the ac-
curacy of the measurement is better than 5 n'T.

The monitoring of the difference between the DIDD
and observatory fluxgate records of corresponding compo-
nents provides further useful information on the proper op-
eration of the DIDD instrument. For the case of the Z
magnetic component the obtained difference curve is shown
in Figure 9 (blue curve). The curve exhibits slow drift and
fine fluctuation. The harmonic trend is more or less similar
than that of the temperature variation (red curve) recorded
in free air. However, the small amplitude of the harmonic
variation affirms that the DIDD system has low temperature
sensitivity. On the other hand the strong correlation between
the red and blue (i.e., temperature and Z difference) curves
shows that both of the investigated magnetometers (i.e. the
DIDD and the fluxgate system of the observatory) are well
calibrated. (We should see more fluctuations in the differ-
ence curve which would refer to the geomagnetic variation
if the instruments have calibration errors.)

4.2. The result of KRBavsko Polje repeat station in the Di-
naric mountain

In the middle of July 2010 four days long reoccupation
at the Krbaysko Polje (KRBP, see Figure 2) repeat station was
carried out. The portable DIDD system was installed in the
nearest forest, about 40 m away from the repeat station. The
absolute instrument was a Zeiss 20A theodolite equipped by
DMI D&I one component fluxgate sensor. The total field
was measured by GSM-19 magnetometer installed on an
auxiliary point. A lot of series of absolute measurement
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station between 20.07.2010. and 23.07.2010.

were performed in the morning and in the evening periods.

We measured the orthogonality error of the DIDD sys-
tem at the beginning and at the end of the reoccupation. The
average of the measured values were 3.56 and 4.02 arc
minute, thus the accepted value for £, was &, = 0.063°
1 0.0054°. The total field difference between the DIDD site
and the repeat station was less than 4 nT. The small spatial
gradient enabled us to conclude the component differences,
too. (see Figure 10 for the final result). In this case we can
suppose that the main difference between the sites is mostly
caused by the difference of the vertical field component (in-
duced magnetic field). This assumption is usually very close
to the reality so it does not generate significant errors.

For the determination of the reference frame parame-
ters of DIDD by using Equation 1, we selected those DIM
measurements where the difference of the inclination, dec-
lination and the vertical component was maximal. Because
the spatial gradient of the Y component was not constant,
the numerical iteration was performed only with the X and
Z component measurements. The mean values of the ori-
entation angles (£ standard deviation) calculated for all se-
lected DIM results were: I, = 60.625° £ 0.0007°; D, = 2.9715"
£0.0097°; £, = 0.4115° £ 0.4333". The obtained baselines of
the DIDD system are shown in Figure 10.

Figure 11 shows the X component difference between
KRBP repeat station and Tihany observatory during the three
and a half day of operation of the DIDD instrument. It is seen
that the peak to peak difference of the curve is about 10 nT in
the three consecutive days. On the other hand the night-time
differences remain in 2 n'T wide band. It means that the quiet-
time component differences between the RS site and the ref-
erence observatory can be used for the final data reduction.

During the data processing it was realized that the east
component baseline of the DIDD device was not stable and
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the difference between the total field values recorded at the
site of the DIDD and the auxiliary point also showed signifi-
cant fluctuations.

The characteristic of these fluctuations was more or less
identical with that of the fluctuations of the horizontal geo-
magnetic field. A direct relation was also realized between
the temporal changes of the total field differences and the
east component base values of the DIDD system (see Figure
12). For the cases of the other components such relation was
not evident. It suggests that the observed variation in the
total field spatial gradient was mostly caused by the tempo-
ral variation of the east component spatial gradient.

One of the possible explanations for the observation of
the novel temporal change of the magnetic field gradient
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can be the significant conductivity contrast between the
Adriatic sea and the mainland that can result in spatial field
variation in small spatial and temporal scales, even in large
distances [Soyer 2002].

This phenomenon was found to be more profound near
the coast, on the Sinjsko Polje and Palagruza repeat stations
(Figure 2). Here, the strong variation of the gradient field
disabled the application of the method elaborated for the de-
termination of the calibration parameters of the DIDD de-
vice and, consequently, the accurate determination of its
basis. It is noted however, that even in these stations, the av-
erage of the base values determined from long series of ab-
solute measurements provided the chance to establish
accurate quiet night-time magnetic field differences between
the RS-s and the reference observatories (i.e., Tihany) for the
final data reduction.

4.3. Reoccupation of the Aggtelek station (Hungary)

On the course of the 2010 repeat station survey, the re-
occupation of the Aggtelek site was carried out in November
9 and 12, 2010. The portable DIDD instrument was installed
2 km away from the station, in the Baradla cave, where the
limestone environment and the low temperature variation
provided ideal circumstances for the variometer recording.
The recording started before the first and ended after the sec-
ond reoccupation of the station.

Unfortunately, the scatter of the DIM results was rela-
tively high during each of the reoccupation (see Figure 13),
because the Aggtelek station was located in a muddy area,
and the tripod of the theodolite could not be fixed safely dur-
ing the measurements. However, we think that the means of
the absolute magnetic components obtained from several se-
ries of measurements were reliable enough to deduce the
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Figure 13. The adopted baseline of DIDD in the Aggtelek station. The
crosses mean the bases belonging to the individual absolute measurements.
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orientation values of the DIDD variometer. This conjecture
was also affirmed by the adopted baselines of the DIDD (Fig-
ure 13) whose drifts exhibited less than 1 nT of change be-
tween the two reoccupation dates, for each component. On
the other hand the component differences obtained between
the two reoccupations (dX= 18 nT, dY= —10 nT, dZ~= —6 nT)
were relatively low, which fact was quiet unfavorable for the
numerical determination of the orientation parameters. The
admitted values of the parameters were: & = 4.51 arc
minute, £, = 18.45 arc minute, [ = 65°9.64', D,= 4°2.18".

Finally, we present the difference of X component mag-
netic field recorded between the Aggtelek repeat station and
Tihany observatory (Figure 14). Interestingly, the peak to peak
variation of the difference curve was smaller in Aggtelek than
in the Krbavsko Polje station against the fact that the two sta-
tions are located in a similar distance from the Tihany obser-
vatory. Moreover, during the Aggtelek survey the geomagnetic
field was also disturbed by a moderate magnetic storm. It is
suggested that this finding was related to the latitudinal and
longitudinal locations of the two stations in comparison to ref-
erence: Aggtelek is located more towards east, Krbavsko Polje
towards south form the reference observatory.

5. Conclusions

In this paper it was argued that the mechanical stability
and low temperature sensitivity of the DIDD device provide
ideal preconditions for its application as a portable device. The
data recording system and the presented method of installa-
tion of the device are suitable for the perfect field application.
The mathematical tools elaborated for the determination of
the calibration parameters of the instrument can be efficiently
applied not only in the observatory practice but also during
the repeat station surveys. It was emphasized, however, that
the numerical methods, when applied in RS surveys, require
big stability of the spatial field gradients between the DIDD
site and the repeat station pier.
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