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Abstract. The most significant of the Earth’s magnetic fiedtbments is the

geomagnetic declination, which is widely used irodgsy, cartography and their
associated navigational systems. The geomagnetilmdgon is incorporated in the
naval navigation maps and is used in the navigafiozcess. It is also a very
important factor for aviation where declinational&ave major importance for every
airport (civil or military).

As the geomagnetic field changes with time but n@he geomagnetic declination
are not published annually and are reduced to achem the past (Buchvarov and
Cholakov, 1985), it is necessary to define two toidal parameters in the maps,
needed to determine the value of the geomagnetiindéon for a particular moment
in the future: 1) estimated value of the annualidation variation and 2) a table with
the average diurnal variation of the declinationg@iven month and hour.

Key words: PAG observatory, geomagnetic declination, geomagnstcular
variations, prediction models..

Introduction

The goal of this research is to analyze the anm&dn values of geomagnetic
declination on the territory of the Balkan Penimsidr obtaining a best fitting model of that
parameter which can be used for prediction of thelidation value for the next 10 years
(Mandea, 2001).

The latest version of the GFZ Reference Internagjiddic Model (GRIMM-3.0)
was used to compare the magnetic field evoluti@disted by that model between 2001
and 2010 to the data collected in five operatingngggnetic observatories in the Balkan
region (PAG, SUA, PEG, IZN, GCK) over the same timterval.

In this study are tested different time-scale pisiand different order polynomials
to create the most appropriate prediction model tanelstimate the obtained results. It is
perceived that linear models which are used toraete the annual declination variation in

76




M.Metodiev: Modelling of declination’s secular vatibns for the purposes of regional ...

cartography provide enough accurate informatiortHerdeclination map’s users.

Datasets used in the research

1. Model derived from satellite data: The GFZ Refiee Internal Magnetic Model
(GRIMM) has been derived from nearly eight yearsC6fAMP satellite data and seven
years of observatory hourly means. At high latigjdall vector satellite data are used at all
local times. By doing so, a separation is posdileleveen, on one hand, the fields generated
by the ionosphere and field aligned currents, andhe other hand, the fields generated in
the Earth's core and lithosphere. This selectiohrtigue leads to a data set where gaps are
avoided during the polar summers allowing the miodelof the core field with an
unprecedented time resolution.

2. Secular data from several INTERMAGNET obsenia®near to PAG observatory: The
observatories used (Fig.1) for the second datasdbaated on the Balkan Peninsula or in
near vicinity (Iznik). Annual mean values of theclileation are used from:

Grocka, Serbia and Montenegro (GCK) - Latituded238' Longitude = 20° 46'

Surlari, Romania (SUA) - Latitude =4#' Longitude = 26° 15'
Pedeli, Nea Makri, Greece (PEG) - La#ud38° 5"  Longitude = 23° 56
Iznik, Turkey (1ZN) - Latitude = 40° 30 Longitude = 29° 44'
Panagyurishte, Bulgaria (PAG) - Latitudd2° 31' Longitude = 24° 11"
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Fig.1. Locations of the observatories which data arel tmemodelling

3. Bulgarian repeat stations network daf&ie repeat stations measurements in Bulgaria
started in 1934. The eight points selected ther\wapplemented with seven more in 1964.
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All points were investigated, stabilized and lateiplicated with spare ones and secured
with lasting miras. Up to 1980 they were measuneghethree years and then because of
the small secular variations — every five yearspt¢sic maps for different periods are
elaborated. The repeat stations are shown on tipeimfaig.2. Last series of geomagnetic
field measurements were performed during 2007 &i@ 2ising Di-Flux (theodolite Zeiss
020B and Mag-01H) and GSM-19 proton magnetometer.
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Fig.2. Location of the repeat stations in Bulgaria

A - Panagyurishte observatowy- repeat stations) - first class points ¢ - new points.

Model Derived From Satellite Data

The latest version of the GFZ Reference Internagjidgic Model (GRIMM-3.0)
is used to extract the magnetic field secular tiana predicted by that model between
2007 and 2012 and to compare them to the datateegisin the Balkan Peninsula
observatories and the repeat station measuremeite Bulgarian territory.

GRIMM-3.0 model is to provide a highly accurate agstion of the core field and its
temporal evolution, the model contains some extdield estimates as a by-product from
the necessary separation of sources in the modafipgpbach (Korte and Lesur, 2012).
Using linear interpolation we created model of #mmual variation of the Declination in a
window from Lat. 41,2°N to Lat. 44.2°N and form Lgpr22°E to Long 28°E (Fig. 3)

78 Bulgarian Geophysical Journal, 2014, Vol. 40



M.Metodiev: Modelling of declination’s secular vations for the purposes of regional ...

Fig.3. Model of the Declination annual variation for tieeritory of Bulgaria obtained from GRIMM-
3.0 model for the period 2007-2012

Model Derived From Observatory Data

Published annual mean values of the Declinatioraiobtl in Panagyurishte
observatory (PAG) (Butchvarov and Cholakov, 2006pk@kov and Mihovski, 2010) and
the four neighboring geomagnetic observatories (SN, PEG and GCK) were used for
the periods as follows:

PAG - 2000-2012 SUA - 2000-2010

IZN - 2007-2012 PEG - 2000-2012

GCK -2000-2011

Model of the Declination annual variation is obtnby linear fit using least
squares method. Obtained values are in the ra8ge 4.8 min per year (Fig. 4).

Due to the fact that the observatories used forainog are far away from Bulgarian
territory, after the interpolation there are soraatfires that cannot be explained with the
expected main field characteristics presentedopdasc maps of previous researches.
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Fig.4. Model of the Declination annual variation for tieeritory of Bulgaria obtained from
Declination annual mean values calculated in PAGASZN, PEG and GCK observatories.

Model Derived from Repeat Station Measurement Data

The Geomagnetic Survey in the National InstituteGafophysics, Geodesy and
Geography-BAS has reliable data for the declinaticygistered in Geomagnetic
Observatory Panagyurishte (PAG) since 1948 to rieigt 6). The existence of such a long
row of data allows tests on secular variationshef magnetic field, to track dependencies
related to various cycles of solar activity, aslaslto make estimates of the annual change
of declination for small periods in the future.
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Fig.5. Annual Declination values obtained in PAG sincd&9
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Analysis of the Declination values, registeredhia last 65 years in PAG indicates
that the value of this element increases but witliféerent rate, thereby the annual
variation is variable over time (Fig. 6). Severakrvals of increase are observed, followed
by a gradual decline in values, but in general fthenplot of declination first derivative for
the entire data a positive linear trend in the ear@ 1.5 min/year is calculated.
Mathematical analysis of the behavior of geomagnediclination and its first and second
derivatives showed that for modeling the valueghid parameter with extrapolation is
appropriate to use data recorded after 2000.

D min./year Declination annual variation (PAG)
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Fig.6. Declination Annual Variation in PAG observatorydaralculated linear trend since 1948

For prediction of the Declination annual variatifmn the next 10 years data from
PAG (Fig. 7), SUA, IZN, PEG, GCK and 6 repeat stasi from Bulgarian territory are
used. Regression analysis of each data serie® afetlination values is performed with a
linear model using the least squares technique:

D(t)=Do + 4D.t

WhereD(t) is the DeclinationDg is constant component of the equatibig, time in years
and4D is the linear variation for the investigated pdrighich is used as a prediction value
of declination annual variation.
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Fig.7. Linear model of the Annual Declination using lesgtiares technique for the period 2000-2012

Calculated values are in the range between 5 @ndchi./year and a distinct W-E trend is

observed on the map of Fig. 8.
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Fig. 8. Prediction model of the Annual Declination vanatfor the period 2013-2023 for the

purposes of regional topographic mapping

The obtained results are comparable with the rekedone by Georgiev et.al
where the annual declination model has a similafigaration but the obtained values for
the period 1960-1980 are in the range 1.4-2.7 year/ Calculated in this way prognostic
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values of the Annual Declination variation can tsdiin the topographic maps and for
navigation.

Conclusions

Three different models are obtained aiming to methhe Annual Declination
variation for the next ten years over the territofyBulgaria. Satellite data from GRIMM
3.0 show only the long-wavelength components ofglobal geomagnetic changes which
are not sufficient to present the local behaviduthe geomagnetic field secular variations
with an accuracy which can be used for topographépping. Regional interpretations
made by observatory data only provide more detaigatesentation of the investigated
element. They have one main disadvantage whidteitack of data in long and equal time
intervals. This was compensated by constraining thedel using repeat station
measurements in Bulgaria. As a result, a modelhef Annual Declination variation is
obtained having accuracy and resolution which fficsent for the purposes of calculating
the geomagnetic declination for a particular momienthe future and can be used in
topography maps.
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results.
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MoaeaupaHe Ha CeKyJapHATa Bapualusl HA TeOMATHUTHATA JeKJIHHAIMSA 32 LEJINTe
HA PErHOHAHOTO TONOrpa)cKo KapTUpaHe

M. Metoaues

OT eneMeHTHUTE Ha 3¢MHOTO MarHUTHO TI0JIe, Hal-3HAYMMUS € TCOMarHUTHATA ICKIMHALINS.
Ts ce m3momsBa B reofe3wsTa, KapTorpaduira W CBBP3aHUTE C TAX HABUTALMOHHU
cuctemu. JlexmuHanuATa € HHTETPHpaHa B MOPCKUTE HABUTAIMOHHU KapTH U € M3MOJI3Ba
npy Tporeca Ha HaBuranusa. ChIOIO0 Taka € MHOTO BaKeH (PaKTOp 3a aBHAIMATA, KBICTO
JTAHHWTE 32 JEKIMHAIMATA Ca OT TOJISIMO 3HAaYCHHE 3 BCSIKO JICTHUIIE.

TBi KaTO TEOMAarHUTHOTO IIOJIE C€ TPOMEHS BBB BPEMETO, HO KapTH Ha TreOMarHUTHATa
JIEKIAHAIN He ce MyONMKyBaT €XKeroqHo W OMBAT peAylUpaHd KbM €Il0Xa B MHHAJIOTO, €
HeoOXonmuMoO Ja ce OeUHHpAT JABa AONBIHHWTEIHH IapamMeThbpa B KapTUTE, HY)XHH 3a
OTPENIC/SIHETO HA TEOMAarHWTHATA [CKIWHAIMS 3a JajJeH MOMEHT B Opaemero: 1)
W3YHCIICHA CTOMHOCT Ha TOJMINHATA BapHallMsd Ha JCKIMHANMATA W 2) Tabnuma chbe
CpeIHHTE ICHOHOITHY BapHalliy 3a Ja/ieH Mecell U Jac.
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