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Abstract

Lithuania, supported by Polish specialists, has successfully integrated in the European geomagnetic field research activities. Six repeat
stations were established in 1999 and precise geomagnetic field measurements were performed in 1999, 2001, 2004 and 2007 there.
Additional measurements in four airports of Lithuania were done in 2006, 2007 and 2010. Based on measured data, analysis of
geomagnetic field parameter changes was performed. Accumulated data was processed and used for updating Lithuanian declination map
and magnetic declination model accuracy estimating. Institute of geodesy acquired the modern equipment for geomagnetic field
measurement in 2012. Equipment consists of two units of antimagnetic theodolite Theo010B with D/I FLUXGATE magnetometer, dldD
magnetometer and ENVI PRO magnetometer/gradiometer. Experimental measurements of geomagnetic field were performed at VGTU
zero order gravity point. Diurnal magnetic field variations at measuring station and neighbouring observatories were analysed. Best
correlation between data changes in observatory and measuring station was analysed. Data of research are useful for data reductions and
best observatory selection.
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1. Introduction

Most complete and accurate measurements of geomagnetic field parameters are performed at geomagnetic observatories.
Distribution of observatories is not sufficient therefore secular variation stations are used. There geomagnetic field
parameters are measured periodically every 2—4 years. There are no geomagnetic observatories in Lithuania but
geomagnetic field parameters are measured periodically in repeat stations and airports. Geomagnetic declination in the
airports is measured according ICAO specifications every 5 years [1]. 4 observation cycles were performed at secular
variation stations from 1999 [2—4]. By performing observations at repeat stations at least 3 geomagnetic field parameters are
determined; other parameters can be computed using reference formulas. Subject to instruments available the magnetic
declination, inclination and intensity of geomagnetic field are measured most often. Lately non-magnetic theodolite with
magnetometer sensor Fluxgate attached to telescope is used. By means of these the direction of geomagnetic field lines and
their inclination from horizontal plane are measured. Proton magnetometer most often is used for measurements of
geomagnetic field intensity.

Due to permanent variation of geomagnetic field parameters observed data should be reduced to particular moment. Most
often reduction is done to the middle of the year [5]. Measurements at repeat stations are done at various time of the year,
therefore continuous geomagnetic field parameter measurements at geomagnetic observatories are used for data reduction to
the middle of the year. Geomagnetic field parameters at geomagnetic observatories are measured continuously therefore
nature of geomagnetic field parameters variation can be determined not only for the time of observation at repeat station but
for the whole year.

Peculiarities of data reduction are analysed in this publication. Data of geomagnetic field intensity obtained during 2007
were taken for the research. Data were reduced to 2007.5 epoch. Reduction was performed relative to three neighboring
observatories: Belsk (Poland), Hel (Poland) and Uppsala (Sweden).
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2. Reduction of geomagnetic field observation data

The geomagnetic field is variable in time. The first results of a geomagnetic survey are geomagnetic field parameters values
measured at the different stations at different measuring moments. These data are not valuable, because of the variations of
the geomagnetic field. Data should be reduced to annual mean values. Measured data reduction referenced according to
standard equation:

D (EG 1)~ EO, 1)
E(x;,t ) = 2 + E(O,t ) (1)
n

where E(x;,t,,,) is the mean annual value of geomagnetic field parameter (declination, inclination or geomagnetic field
intensity) at any location x;, E(x;,7;) is the value of the same geomagnetic parameter £ at the same x; place at
observation time #, . E(O,t;) is the value of the same geomagnetic field parameter at observatory O at the same
observation time #; . E(O;,t,,,) is the mean annual value of geomagnetic field parameter at reference observatory.

Reduction method is based on the assumption that all geomagnetic field variations are the same at the observatory and
the station. Reduction errors are influenced by selection of suitable period of observations, distances between observing
point and observatory, status of geomagnetic field i.e. nature of variation of geomagnetic field parameters at the station and
observatory. It is important to pay attention to mentioned circumstances if improved accuracy for data reduction is needed.
Best results of reduction are obtained when variation of geomagnetic field parameters at the repeat station and observatory
is running uniformly. It is important for selection of observatory for reduction to research which of neighbouring
observatories is most suitable for reduction. Data of 2007 secular variations measurements were used for research. To
ensure statistical reliability of research the geomagnetic intensity was used because most of data are geomagnetic field
intensity measurements. Practically at every station geomagnetic intensity was measured in three turns (one hour each) and
geomagnetic intensity readings were taken every minute. Linear relation was computed between data determined at secular
variation stations and observatories. Three neighbouring observatories data were used for research: Belsk, Hel and Uppsala.
Location of observatories and secular variations stations are represented on Figure I. Data of other neighbouring
observatories were not used for the research because F parameter was not measured there at that time.
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Fig. 1. Lithuanian secular variation stations and neighbouring observatories location

Observation intervals at repeat stations in UT (Universal Time) are presented in Table 1.

From Table 1 is clear that at least 3 measurements were done at every station and their duration was about 3 hours.

It is important to assure when geomagnetic observations are performed and later reduced in relation to observatory that
magnetic field was changing uniformly and no geomagnetic storms were present. Change of geomagnetic field during the
measurement period in neighbouring observatories is represented in Figure 2—4.
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Table 1. Geomagnetic field intensity observations at secular variation stations

Repeat Date and time
station 06.08.07 07.08.07 08.08.07 09.08.07 10.08.07 11.08.07 12.08.07 13.08.07 14.08.07
Ziezmariai  6:05-6:41; 8:18-9:20
11:05-11:58
Dusetos 12:58-13:53 5:05-5:54; 4:55-5:48
12:30-13:32
Parovéja 8:32-9:40 7:31-8:14; 5:14-6:04
13:31-14:23

Saukotas 14:27-15:32  5:35-6:33;

14:56-15:26
Tryskiai 8:43-9:42; 7:05-8:31

11:44-12:25
Syliai 8:09-9:15; 3:49-4:57

13:59-14:39
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Fig. 2. Intensity variation during the day in Belsk observatory
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Fig. 3. Intensity variation during the day in Hel observatory

From Figures 2—4 can be seen that in all observatories larger intensity variation diapasons are during 6th, 7th and 10th
day. During magnetically calm period geomagnetic field intensity varies in diapason of around 20 nT (e.g. on 08.08.2007.),
but during magnetically non-calm period it can vary 40 nT (e.g. on 08.07.2007.). It is necessary to research such variation
during mentioned period.
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Fig 4. Intensity variation during the day in Uppsala observatory

Using formula 1 for reduction of data in relation to observatory differences of geomagnetic field parameters between
stations and observatory are computed. Researched linear relation — the correlation between data of observatory and station.
By this the nature of variation of geomagnetic field intensity in observatory and repeat station are estimated. Correlation
coefficient values of geomagnetic field intensity measured at station and observatory are presented in Table 2. Correlation
coefficients computed at separate periods which could be divided into morning measurements and measurements after the
lunch.

Table 2. Correlation coefficient values from separate measurements

Repeat Correlation coefficient values
station 06.08.07 07.08.07 08.08.07 09.08.07 10.08.07 11.08.07 12.08.07 13.08.07 14.08.07
Ziezmariai 0.88(1) 0.16(1);
0.87(2); 0.64(2)
0.85(3) 0.11(3)
0.90(1),
0.82(2);
0.96(3)
Dusetos 0.98(1); 0.54(1); 0.80(1)
0.98(2); 0.65(2); 0.83(2)
0.98(3) 0.96(3) 0.90(3)
0.91(1)
0.86(2);
0.98(3)
Parovéja 0.84(1); 0.94(1); 0.37(1)
0.48(2) 0.86(2) 0.54(2)
0.26(3) 0.79(3) 0.03(3)
0.82(1)
0.99(2)
0.99(3)
Saukotas 0.98(1) 0.05(1)
0.97(2) 0.54(2)
0.95(3) 0.45(3)
0.58(1)
0.66(2)
0.72(3)
Tryskiai 0.40(1) 0.71(1)
0.82(2) 0.50(2)
0.67(3) 0.41(3)
0.59(1)
0.97(2)
0.98(3)
Syliai 0.96(1) 0.60(1)
0.91(2) 0.52(2)
0.86(3) 0.82(3)
0.92(1)
0.89(2)
0.93(3)

0.88 (1) — correlation coefficient values obtained by comparing data measured at station with Belsk observatory
0.87 (2) — correlation coefficient values obtained by comparing data measured at station with Hel observatory
0.85 (3) — correlation coefficient values obtained by comparing data measured at station with Uppsala observatory
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Results of correlation coefficients computation confirm complexity of geomagnetic field intensity variation presented in
Figures 2—4. Correlation coefficient is very small during geomagnetically non-calm periods. This shows low linear relation
between measurement data from observatory and repeat station. Such data cannot be used for reduction.

It is not unambiguously clear from analysis of obtained correlation coefficient values in relation to which observatory
data reduction at secular variation stations should be done. During separate periods and at separate stations correlation
coefficients values change significantly. Based on correlation coefficient values from separate periods is possible to
determine which measurement is not quality data. Such data must be removed before reduction to mid of the year. From
performed measurements it is clear that measurements should be distributed through few days, and time of measurement
distributed during the day time.

After removing data of non-calm period differences between stations and separate observatories were computed. As well
as their standard deviation. Using formula 1, mean intensity values of the year were computed. Results of reduction are
presented in Table 3.

Table 3. Differences, standard deviation and mean annual values of geomagnetic intensity between observatories and repeat stations for the moments of
observations in 2007

BELSK HEL UPPSALA
No  Repeat Station Faonrs=49963 nT Fao0n5=50067 nT Fagons=51113 nT
F, m, . Faors, F, m,. Fo7s, F, m, . Fag075,
nT nT nT nT nT nT nT nT nT
1 Ziezmariai 8213 38 50784.3 716.9 L5 50783.9 -330.1 44 50782.9
2 Dusetos 1303.5 41 51266.5 1199.9 33 51266.9 151.3 6.4 51264.3
3 Parovéja 3955 11 50358.5 289.5 13 50356.5 -760.0 22 50353.0
4 Saukotas 264.9 6.9 50227.9 153.0 8.6 50220.0 911.7 6.4 50201.3
5 Tryskiai 525.9 25 50488.9 4198 34 50486.8 -627.6 29 50485.4
6 Syliai 1135.8 1.0 51098.8 1032.7 13 51099.7 123 26 51100.7

By analysing obtained yearly geomagnetic field intensity values we see that differences from separate observatories are
small enough. Only Saukotas station has larger differences.

Summary and Conclusions

— For reduction of observation data in relation to selected geomagnetic observatory is necessary to research nature of data
variation. For reduction the data should be used only from geomagnetic calm period.

— After performing analysis of correlation coefficients of separate moments of measurements can be stated that it is
important to organize longer observations and observe during different time of the day.

— After reducing observation data to middle of the year in relation of different observatories it is obvious that mean yearly
values differ insignificantly. Larger differences are only in Saukotas and Parovéja repeat stations.
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