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Abstract. During the summer months of 2007 and 2008 segpeat stations and

seven first class stations were measured in théereaBulgaria. The magnetic

declination and inclination were determined by aflDx (theodolite Zeiss 020B and

Mag-01H) while the total intensity was measuredatproton magnetometer PMP-5A.
The geographic azimuths were determined by GPSolbkervations were reduced by
the diurnal variations of the geomagnetic fieldetakfrom the geomagnetic field

records in the Panagyurishte geomagnetic obsegalbe results are reduced to the
epochs 2007.0 and 2008.0. Maps of the geomagnetimdtion for the same epochs
were drawn, as the measured points from the geoetiagsurvey 1978-1980 were

used as well.
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Introduction

Systematic investigations of the geomagnetic figRMF) in Bulgaria began
simultaneously with the setting up of the Geomaigr@bservatory — Panagyurishte (PAG)
in 1937. Then the first stabilized repeat statioese measured nearby the towns of St.
Zagora, Pleven, Varna and Blagoevgrad. During gréod of 1949-1958 the repeat stations
network was extended with points near the townSit$tra and Vidin (1949), Michurin,
now Tsarevo (1955), and Kardzali (1958).

For a more complete definition of the secular GMfarges in Bulgaria a new
compression of the secular stations network wasenmad 964 (Zidarov and Kostov, 1967)
with eight new points: Slivnitsa, Petrich, Elhou@gspat, Nessebar (now Ravda), Popovo
and Krapets (Fig. 1).
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Fig. 1 Sheme of the secular stations network in Bulgaria

All primary stations were duplicated with secondangs in 1973. With the choice
of the secondary stations the same requiremerit®as for the primary stations were kept,
i.e. as follows:

- to be situated at a large enough distance fromaatifjcial disturbances of
the GMF;

to be stabilized on the field by a concreted geasiibne (points from the
State Geodetic Network);

to be covered by long-lasting reference marks, dikehurch domes, TV and
GSM antennas, water towers, poles for high voltaiges, etc.;

- to possess geographic coordinatgs\j which are defined with 0.1' accuracy
(Cholakov, 1989).

The secular measurements have been achieved ewergrS8 till 1980, and after
that — every 5 years.

The field measurements have been suspended af@@ d9e to changes in
Bulgaria and consequent financial constraints éntthdgetary sphere.

In 2006 the Act for Geodesy and Cartography wadlighdd under witch the
Military Geographic Service (MGS) to the Ministryf ®efense and the Geophysical
Institute, BAS (GPhI-BAS) have been defined as oesfble organizations for a scientific
and applied provision of the geomagnetic measuresrienthe territory of Bulgaria.

Due to this Act and the change of the regulatiofiscting the activities on
updating of the Bulgarian topographic maps, thellseaneasurements have been resumed
since 2007. Unlike the past practice, when the @/isekular network was measured for one
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season, now only points in regions where the togagc maps should be reissued are
selected. Thus, in July 2007 only four secular @inele first class stations were measured in
the Northeast part of the country (northgoft 42.40°N and east of. = 26.00°E) and in
August 2008 - three secular and four first clagasts in the Southeast part (southpof
42.40°N and east af= 26.00°E). The first class stations were alsaisdaihat belong to the
State geodetic network and the measurements werktassupplement data from secular
stations in updating the topographic maps.

M easur ement methodology

Geomagnetic measur ements

The secular measurements in Bulgaria have beeredaout by the use of
equipments and methods well known in many countfiéswitt et al., 1996, Korte and
Fredow, 2001, Mandea, 2002). For each geomagrietizesit the following equipments are
used:

- the magnetic declination (D) was defined by a mégréchulze theodolite
for the entire period between 1937 and 1990;

- the horizontal intensityH) - by quartz horizontal magnetometers QHM-71,
QHM-14236, QHM-1, QHM-2 and QHM-57, as for the labtree the
horizontal circle of the magnetic theodolite Scleulzas used;

- the inclination (1) - by an Earth’s inductor Schauldll 1970;

- the vertical intensity (Z) — by a magnetic scalenZelau till 1970;

- the total intensity (F) — by a proton magnetomeErSEC (1970), PMP-2A
(1976) and PMP-5A (1988).

During the field work in 2007 and 2008 the measwet® of the geomagnetic
declination and inclination were made by a DI-fltixeodolite Zeiss 020B and Mag 01H),
while the total intensity — by a proton magnetomd®®IP-5A. The measurements were
performed by a team of three specialists: two ftbedMGS and one from the Geomagnetic
Observatory — Panagyurishte.

At each secular station for a period of three dayseries of measurements were
made by two observers using the following schedijeafter centering the tripod over the
point and before installing the DI-flux, the protomagnetometer probe is placed at the
height; (ii) when the theodolite telescope is puhorizontal plane the 10 records of F are
performed; (iii) after arranging the DI-flux intorgrise horizontal plane the two of the
observers consecutively measure D and I; and inlly the procedure for F is repeated
again.

As during these measurements the team did not p@spertable variation station
in order to reduce the error from the differencetleé diurnal variations of the GMF
between PAG and the secular stations (ChekardzkaV., 1986), the measurements were
carried out mainly in the early morning and latéeafoon hours. The series were
alternating in a way that each station to haveetimerning and three evening observations.
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At first class stations two series of measurementier the described scheme were
made.

Geodetic measurements

According to the so far imposed practice in Bulgaih order to determine the
initial geographic azimuths of the reference marka station from the magnetic network,
different techniques have been used: astrononggabscopically or indirectly by the point
coordinates and by solving the reverse geodetioleno.

It is worth noting that each method has its advgegaand disadvantages. The
geodetic method is the easiest and the fastestbutehere is no guarantee that with the
calculation of the point coordinates and the azinhgtween them an error is not made.

The gyroscopical method is not affected by the teatonditions, but is a time
consuming method (Minchev, 1979; Minchev, 1981)e Tdstronomical method can be
considered as the most prolonged one that alsoiresqgood weather conditions and
experienced observer as well.

Recently the GPS technology is coming more and niormany areas of our
everyday life. The continuous improvement of tieishinology enables the GPS receivers to
be used also in conducting high accurate geopHysieasurements.

The azimuth determination with respect to locakrefice marks in the field
measurements can be conditionally divided into types:

- accomplishment of highly accurate assessments @firttial geographic
azimuth by GPS observations;

- execution of angular measurements to determinazimuths with respect to
the reference marks.

For the GPS observations in 2007 and 2008 thredagieatype receivers Trimble
5700 were used, as the sketch shown in Fig. 2 éas bs follows: a receiver, denoted by
RM, was placed at a distance of 150 — 200 m froenréipeat station (it is marked by RS).
The other two receivers were placed at the meaqoed RS and at the nearest point from
the State GPS network of Bulgaria. Subsequentljag been used as a basis for the
determination of the RS and RM coordinates andrtiti@l geographical azimuth At of the
baseline RS-RM.
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GPS

VAL .
RS 750-200m RM

Fig. 2 A scheme for the geodetic azimuthd&termination.

In all GPS measurements the signals from 6-8 #atelivere received which
ensures high accuracy of the output data.

The angular measurements were carried out by wsitigeodilite THEO 010A
from two experienced observers. 3-5 gyri were madarder to achieve the requirements
for measuring the State geodetic network of Bulg@oD, MGS, 1984).

For each point a reference marks scheme was madbeieAdescription of the
reference marks was given as well (their locatidti wespect to the point, the direction in
which they are located, the approximate distandbeam, etc.) (Fig. 3).

*
RM-3

. RS 6901,

RM-1
RM-2

Fig. 3 Areference marks scheme of repeat station 6901

As an example a brief description of the referemeagks of the station 69011V is
as follow:
- RM-1 coincides with the reference mark one to R81§9in south-easterly
direction;
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- RM-2 is a metal power pole near to pumping statiothe village Ezerovo,
in south-westerly direction;
- RM-3 is a GSM re-transmitter mast in north-westelilgction.

Additionally, during the measurements for eachiatatits description has been
updated, as well as it position in relation to loederence objects has been clarified, the
access to it and etc. Subsequently, after aggrepafi the data schemes of the stations
were drawn up (Fig. 4), and for extra comfort paftanclassified topographic maps for the
area around each point were scanned (Fig. 5).
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Fig. 5 A scanned copy of the area around repeat staéioh.6
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Data reduction

The measured geomagnetic elements have been redyded diurnal variations
of GMF through using the records obtained in th&sPA

From the analysis made in Kostov (1979) and Chedilenst et al. (1986), it was
found that the difference in the diurnal variatiamfsthe GMF between the PAG and the
eastern part of Bulgaria has the lowest value éntitme interval from 14 h UT to 04-05 h
UT. Considering the above conclusion the followinfp was adopted: the measurements to
be made in the above mentioned period intervalsrdier to check what is the error of the
difference in the diurnal variations of the totatieinsity, at two repeat stations, Popovo and
Varna, night measurements of F in the hours betv2®eh and 20 h 30 m UT were made.
The obtained difference values can be expressed as:

AF = AF, - AF,, )

where 4F, is the difference in F between the repeat statond PAG of night
measurementsjF4 - the difference in F between the repeat statiod BAG of daily
measurements.

The measurements were reduced to the epochs 2@8d.@2008.0 respectively
using the formula (Butchvarov and Cholakov, 198wt et al., 1996):

Est ~ Es,b =Bt - Eo,b 2)

or

ES.t = Es,b + (EOI - Eo,b) ’ (3)

where: Es,t is the annual mean value of the geoatigelement over the station S?O-t -
the annual mean value of the same element in PB&h — the reduced value (the baseline)
of the geomagnetic element from the diurnal vasietj and Eo,b — the reduced value (the
baseline) of the same element in PAG.

The above equation is based on the assumptionnt@asmall area within a year
the annual variation of the geomagnetic field far tvhole investigated area is equal to the
change of the GMF witch occurred in the observatatere it is recorded.

Reduction of the magnetic declination from epoch 1980.0 to the epochs 2007.0
and 2008.0

The main objective of the field measurements in72R008 was to update the
chart of the magnetic declination for 1980. Therefoafter obtaining the values of
geomagnetic elements at epoch 2007.0 and 2008.0n#dgmetic declination data were
subjected to further processing.

For each point measured in 2007 and 2008 the faollpwariations were
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determined:

9Dg0-07 = P1980.0° P 2007, 4

and

9Dgn 08 = DP1980.6" P 200s. ()

The obtained values were marked on a map at scale2®D 000 and by using a
linear interpolation method an isopor char6bB0-07 andbD80-08 was drawn (Fig. 6).

97 90’

% PAG

2007.0 - 99.8' AStz
2008.0 - 105.7'

Fig. 6 An isopor chart 06Dgg.o;anddDgg.os

On the same map all points measured easterly ofdregdiand = 25.5° in 1979
and reduced to the epoch 1980.0 were plotted. TherdifferenceD80-07;08 for each
point was calculated to the nearest 0.1'. Basetheneduced data models (charts) of the
magnetic declination for the respective areas aodtes were drawn (Fig. 7):
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Fig. 7 Models of the geomagnetic declination for theatia2007.0 and 2008.0 .

Conclusion

By using the measurement results of the repeabssaand the first class stations
for updating maps of the geomagnetic elements/gésa lot of money and time needed for
the elaboration of a new general geomagnetic suivegpite of the well-chosen time for
the field measurements in order to completely elate the error from the difference in the
diurnal variations between the measured point Bad?AG, it is advisable to use portable
variation station during the field measurements.
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MaruntHu u3MepBanus B boarapus npe3 2007 n 2008 roquna

Wn. Yomakos, CT. MUXOBCKH

Pestome: Ilpes metaute mecetd Ha 2007w 2008r. B M3rouna bearapus ca w3MepeHu
7 cekymapHu W 7 IBPBOKJIACHH TOuYkW (cTamimm). HaGmrogaBanum ca MarHurHarta
nexnuHaus 1 uakirHanus ¢ DI-flux (theodolite Zeiss 020B and Mag 01 H)roranaust
WHTEH3UTET — C mpoToHeH marHutoMeTsp PMP-5A. OmpenensneTro Ha reorpadckute
azumyTu e u3BbpuieHo ¢ GPS.Habnronenusnta ca peAyuupaHy OT ICHOHOIHUTE BapHAI[HH
Ha TEOMAarHWTHOTO TIOJIE MO 3alKMCUTEe Ha TreoMarHuTHa obOcepBaropusi [laHarropwuiie.
Pesynrature ca npuBeneHu B ermoxa 2007.0u 2008.0.3a chimuTe emoxu ca u3pabOTCHH

KapTH Ha F€OMarHUTHATA JEKJIMHALINSA, KaTO Ca M3IOJI3BAaHM M TOYKMTE OT '€OMarHUTHATa
cunMka 1980.
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