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Resumen-El objetivo de este trabajo se focaliza en presemta actualizacion del mapa de declinacion magraétiel istmo
de Panama para un lapso temporal comprendido dos@fios 2010 a 2014. Para tal propoésito se utiézéodelo IGRF-11 de
la International Association of Geomagnetism andoAemy, cuya revision se lleva cabo cada cinco aBste modelo toma en
consideracion el constante cambio que experimdrtarapo magnético terrestre y su influencia endaliacion magnética,
estos elementos son de vital importancia para terdginacion de la dinamica, y por ende la actuaida de los niveles de
exactitud de la cartografia que posteriormente puservir de soporte a sistemas de navegacion agrearitimo y a la
determinacion del Geoide. Los resultados obten&iosste trabajo muestran que la declinacion magaéikperimenta un
desplazamiento hacia el sector occidental del istim&anama.

Palabras clavesCampo de referencia geomagnética, carta magnétieelinacion magnética, modelo IGRF-11, Panama.

Abstract This work presents an updated magnetic declinatiap of the Isthmus of Panama for the years 202014 based
on the IGRF-11 model from the International Assticiaof Geomagnetism and Aeronomy. This model takesccount changes
in the Earth’s magnetic field and its influencetbe magnetic declination. These elements are imapofor determining accurate
mapping which may be used to support systems afrsgianavigation. The results obtained show ttieg magnetic declination
lines in Panama have shifted westwardly during ehgsars.
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1. Introduction field sources outside the Earth a@d is associated to
At any particular point on the surface of our the internal magnetic sources. In this equatto(®,c)

planet, the geomagnetic field and its scalar g the spherical harmonic function and describes th

~ A potential can be expressed in spherical polar cpanges or variations of the magnetic potentialnithe
coordinatesr( 6, ) wherer is the distance from the  (istance is constant.

center of our planetp is the colatitude and the The summation signs show that the total potersial i
longitude. This scalar potential can be given by: made up of an infinity number of terms with diffete
LSy n, O, 0k values ofn andk [1].
= —n 1
®(r.0.c1) R;[A”r +r“*1jkzé)x”(e’g) @) To understand the geomagnetic field caused by
Here R denotes the Earth's radius. The terny internal sources of Earth, we need to omit the t&jraf

represents part of the potential linked to the retign ~ €duation (1); according to [1], the spherical hamoo
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functionsxn(e,g) (linked to the variation of potential on

a spherical surface) are expressed in some polyhiomi
functions that depend on time. Equation (1) can be
represented by:

@(r,e,g,t):R”n"‘za:(TRj St (1) cogke) +

+15 (t)sin(kg) |k cog0)

(2)

In the equation (2),« (t) and 7 (t) are the
numerical Gauss coefficients at timandT cos(6) are

the Schmidt semi-normalized associated Lagrange
functions of degrea and ordek [2, 3].

This means that at any particular point on thetEart
the geomagnetic field presents variations in tirdme.
decades or centuries of observations these vargatice
significant and they are called secular variatidisthis
means that magnetic North does not always coinoide
location with the real geographic North (the Eath’
rotational axis); the horizontal angle between ¢hes
elements is known as magnetic declination. If treree
secular variations, the magnetic declination valceas
change. According to [4, 5] this parameter is intguat
for all map users because the cartography of magnet
anomalies as a basic component to define the geoid
geodesy.

The need to calculate the magnetic declinationities
the annual variations of this angle which affeétsaad
maritime navigation systems for global positionamg
mapping works done with compass system. In addition
the study of magnetic declination is one of theantgnt
components of the national magnetic map neceseary f
the study of magnetism and its applications in @sgd
and Geophysics for searching of a geoid model for
Panama.

There are two methods that are used to map the
magnetic declination: by field observations with
magnetometers and by geomagnetic models [5-13].
Today two models are used: (a) the WMM model
(World Magnetic Model) that was developed jointly b
the British Geological Survey and the National
Geophysical Data Center. This model uses the
geomagnetic field for altitude and navigation for
example and was published in January 2000, anthéb)
IGRF (International Geomagnetic Reference Field) of
the International Association of Geomagnetism and
Aeronomy that is based in equation (2); in otherdsp
we can say that this model is an established neaieri
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model or series of global spherical harmonic modéls
the geomagnetic field whose sources are in thenBart
core. The model is produced and maintained by apgro
of geomagnetic field modelers who review it evane f
years [2, 3]. This model has been used by someeuth
as computational method [5, 8, 10, 12, 14]. The
usefulness of modelling the behavior of the magneti
field lies in the dynamics of the magnetic polag, ibis
important to know that the geomagnetic field has
important elements that are nondipolar [15].

As Panama lacks geomagnetic stations, then we can
use a geostatistical method from the IGRF-11 model
which has shown satisfactory results with respect t
field data. Some authors refer to the magnetic
declination fluctuations in different geographical
latitudes; according to [16] refers to changes taur
long time period in Europe, meanwhile according to
[11] the geomagnetic forces are dynamics. This vi®rk
focused on wupdating the map of the magnetic
declination of the Isthmus of Panama between period
of five years (2010-2014) for understand the dymrami
of this important geomagnetic parameter and itsachp
of the data for navigation purposes.

2. Materials and methodology

The first step is to define the mesh points, irs thi
work we have located these points every thirty n@au
(30") from the point of origin 7°00" N, -77°00" V@ t
10°00' N, -83°00"' W. Figure 1 shows the distribuitis

these points on the map of the Isthmus of Panama.
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Figure 1. Coordinates of sampling points of IGRF-11 model.

For these geographical coordinates WGS-84 was
used as a geographical reference. In second step,
elevations for each sampling point was determined
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using the digital terrain model of NASA SHUTTLE O
(1:100000 scale). Finally, the IGRF-11 model waanth AN - AR AN R 2L
applied to each sampling point for the first day of ‘
January of the years 2010 to 2014. The coefficients
the main field model in the period established and
secular variations values are computed.

The results obtained were processed in Geographic 7
Information System where isogonic interpolation of -
lines for each date mentioned was done; this psoises 10/
made by geostatistical methods according to [8,ahd]
then, a regional geographical analysis of temporal 9

variations of isogonic lines was performed.

3. Results 7

The results of five maps of magnetic declinafian -
these dates are presented in figure 2. These rhaps s m_“‘-f_ 5
that the magnetic declination changes in western
direction of the Isthmus of Panama, but another o,
important feature is that this displacement is not :
systematic.

For the time interval between 2010 and 2014, areas
with magnetic declination fluctuations that caneaff
navigation systems, have been identified according
the coefficients of variation estimated from the
developed model. of

According to estimated data obtained from the i
IGRF-11 model the areas with highest annual variati 8
of magnetic declination are: (1) the southern pathe
Azuero Peninsula continuing for the area aroun&oi
Island in the Veraguas province, (2) the central
mountain in Veraguas, Coclé provinces and Western

Panama, (3) the western part of Chiriqui provir(dg, ok
the eastern Gulf of Chiriqui, (5) the southern pdrtas
Perlas archipelago and (6) the coastal area dBtivas 8¢
del Toro province. Figure 3 presents magnetic tiana =,
coefficients map between 2010 and 2014. s

83 82 81 80 79 78 77
200 km

4. Conclusions _ _ —
Understanding of Earth magnetic field dynamics in Figure 2. Magnetic declination maps to January 1 of the

the Isthmus of Panama is a topic of remarkablaeste ~ Years: (2) 2010, (b) 2011, (c) 2012, (d) 2013 y2()4.

in marine and aerial navigation systems and foresom

migratory species, and therefore update magnetic

declination map is necessary to understand thedhipa

Cartography and Ecology.

The magnetic declination of Panama for the period
2010-2014 remains displacing to the western patthef
isthmus; it should also be noted that this dispteeat is
not systematic. The analysis of the annual variatio
isogonic lines during the 2010-2014 periods shows a
total of six areas where magnetic declination cbkang
are large.
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Figure 3. Variability of magnetic declination between 2010
and 2014.
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The identification of these zones of magnetic [13]
declination variations can justify the aim to arfjpthe
period to determinate all variation of the magnétd
and its impact on Cartography, Geophysics and
Ecology. In near surface magnetic prospection, the
knowledge of these parameters can play an important
role.

(14]

(15]

[16]
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