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Abstract

The paper deals with research, modelling and analysis of internal geomagnetic field parameters, which
considered as the geomagnetic field induced by internal (intraterrestrial) sources. The calculation was based on
the set of final coefficients for World Magnetic Model for Epoch 2010/2015 and Epoch 2015/2020. Comparative
analysis of geomagnetic field parameters for Epoch 2010/2015 and Epoch 2015/2020 was given to represent the
reversal of inner geomagnetic field, changes of geomagnetic dipole and shifts of magnetic poles.

The aim of research is to analyze the redistribution of geomagnetic field full vector, the changing of geomagnetic
dipole parameters and dynamics the Earth’s magnetic poles shifting during this period. To achieve this goal the
authors suggest a set of mathematical, algorithmic and methodological tools and models for the solution of the
problem of calculating of main geomagnetic field parameters (here main field is considered as the geomagnetic
field induced by intraterrestrial sources.). The suggested mathematical models and software is based on the
matrices of spherical harmonic coefficients for calculating the parameters of the geomagnetic field for the periods
2010-2015 and 2015-2020 respectively. Changes in the main field for one year, or so-called secular variations,
are also represented by the series of spherical harmonics. The basis of representation in the mathematical
models is a Gauss series, which is suggested as an international standard normal state of the geomagnetic
field. The authors also suggest a program GEOmagnetic_v1.0, which allows to generate estimates of the state
parameters of the geomagnetic field and perform their geospatial binding in automatic mode with acceptable
accuracy.
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hundreds of thousands of kilometers in the direction opposite to
the Sun and accumulates magnetic energy [2]. This area is called
the magnetosphere and its shape is formed in response to the dynamic
pressure of the solar wind.

Introduction

In modern world scientists and specialists in various spheres pay
great attention to study dynamics of parameters of geomagnetic field
(GMF) in common and GMF of inner (intraterrestrial) sources and
geomagnetic dipole in particular. This interest is mainly concerned
with acute problem of research and forecast of geomagnetic reversal
(geomagnetic poles shift) and modeling its possible consequences [1].

At any point on the Earth's surface the geomagnetic field is a
combination of several magnetic fields generated by various sources.
These fields are superimposed on and interact with each other [3].

GMEF is not stable and changes with periodicities from about 0.3
second to hundreds of years. These changes are often referred to as
geomagnetic variations, which can arise from both sources external
to the Earth or internal to the Earth. For example, sometimes the

GMEF is well-known as the magnetic force field that surrounds
the Earth. To simplify the description of the GMF it can be defined
as a large bar magnet placed at the center of the Earth, with its south
end oriented toward the north magnetic pole. The main goal of the

Earth's magnetic field is to deflect most of the solar wind. Otherwise
the charged particles of the solar wind would strip away the ozone
layer of the Earth and all the systems and objects at the planet would
be subjected to the influence of harmful ultraviolet radiation [1].

GMF is shaped somewhat like a comet, which tail stretches for

energy in magnetosphere tail is released in explosions. They heat up
plasma, and cause powerful electric currents. At this moment the
magnetosphere is filled to capacity with hot plasma, while its electric
currents embrace the entire near-Earth space. These phenomena are
referred to as magnetic storms [3].
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Traditionally the full vector of the Earth’s magnetic field intensity
in any geographical point with spatiotemporal coordinates (latitude,
longitude, altitude, year) is defined as a sum of two components [2,3]:

B,=B +B,,

where B, is an intensity vector of GMF of inner (intraterrestrial)
sources; B, is a regular component of intensity vector of GMF of
magnetosphere currents, which is calculated in solar-magnetosphere
coordinate system.

Magnetic field of inner (intraterrestrial) sources consists of two
fields: electric currents field in the core (the main (“core”) field),
which is ~98% of the whole field, and rocks magnetism field, which
is ~2 % of the whole field. Thus, with altitude raise the crust field
decreases much quicker, then the main field, and from the altitude
~100 km its value can be neglected [2].

At the same time magnetosphere currents magnetic field defines
a regular component of geomagnetosphere. This field depends on
parameters of interplanetary medium. It demonstrates the well-
known compression of the Earth’s magnetosphere on the sunlit side
due to the interaction with the solar wind, asymmetry “day-night”
(the field on the night side of the Earth is weakened), diurnal, season,
yearly and other variations of geomagnetic field [3].

Mathematical Models and Algorithms for Calculation
of Inner Geomagnetic Field Parameters
Solving the problem of B, parameters analytical estimation, it

is helpful to represent the main field model by spherical harmonic
series, depending on geographical coordinates.

The scalar potential of intraterrestrial sources GMF induction U
[nT-km] in the point with spherical coordinates r, 8, X is defined by
the expression (1):

N n n+l
U=R, Y > (g cos(mi)+h sin(m/l))[R—Ej P" cos 6 6]
r

n=l m=0

Table 1: Matrix of coefficients g™

where # is a degree of spherical harmonics (m € [0,12]), m is an
order of spherical harmonics (n € [0,12]), r is a distance from the
Earth’s center to observation point (geocentric distance), [km]; A is
a longitude from Greenwich meridian, [degrees]; 0 is a polar angle
(collatitude, 0 = (11/2)-¢’, [degrees], where ¢’ is a latitude in spherical
coordinates, [degrees]); R, is an average radius of the Earth, R, =
6371.03 km; g” (1), h™_ (t) are spherical harmonic coefficients, [nT],
which depend on time period; P” are Schmidt semi-normalized
associated Legendre functions of degree n and order m [4-6].

In geophysical literature the expression (1) is widely known as a
Gaussian and generally recognized as an international standard for
undisturbed GMF [7,8].

The amount of performed spherical harmonic analysis is very
important. However, a problem of spherical harmonic optimal length
definition is still acute. Values of higher orders for elements gnm
and hnm were calculated by G. Phanzelau (up to 15" order) and V.
Kolosov and E. Kropachev (up to 23" order). The main conclusion
about these values is that there is sharp decrease of all coefficients for
6-8 orders and then their slow decrease with some oscillations. There
are no coefficients (up to 23" order) with sharp increase, which could
point on magnetic field local sources (Table 1 and Table 2).

Analyses of calculation results with great amount of elements
prove hypothesis of Gauss about convergence of spherical harmonic,
which represents a geomagnetic potential. As usual in spherical
harmonic analyses the harmonics are limited by 8-10 elements. But
for sufficiently homogeneous and highly accurate data (for example,
as like as in satellite imaging) the harmonics series can be extended up
to 12 and 13 harmonics. Coefficients of harmonics with higher orders
by their values are compared with or less than error of coefficients
definition. For example, for series of 11-13 harmonics an error of
GMF calculation on the Earth surface is less than ~2%.

Due to the main field temporal variations the coefficients of
harmonic series (spherical harmonic coefficients) are periodically
(once in 5 years) recalculated with the new data, which are obtained

nT (Epoch 2010).

nto’

0 0 0 0 0 0 0 0 0 0 0 0 0
-29496.5 -1585.9 0 0 0 0 0 0 0 0 0 0 0
-2396.6 3026.0 1668.6 0 0 0 0 0 0 0 0 0 0

1339.7 -2326.3 1231.7 634.2 0 0 0 0 0 0 0 0 0

912.6 809.0 166.6 -357.1 89.7 0 0 0 0 0 0 0 0

-231.1 357.2 200.3 -141.2 -163.1 -7.7 0 0 0 0 0 0 0

72.8 68.6 76.0 -141.4 -22.9 131 -77.9 0 0 0 0 0 0

80.4 -75.0 -4.7 453 14.0 10.4 1.6 4.9 0 0 0 0 0

24.3 8.2 -14.5 -5.7 -19.3 11.6 10.9 -14.1 -3.7 0 0 0 0

5.4 9.4 3.4 -5.3 3.1 -12.4 -0.8 8.4 -8.4 -10.1 0 0 0

-2.0 -6.3 0.9 -1.1 -0.2 2.5 -0.3 2.2 3.1 -1.0 -2.8 0 0

3.0 -1.5 -2.1 1.6 -0.5 0.5 -0.8 0.4 1.8 0.2 0.8 3.8 0

-2.1 -0.2 0.3 1.0 -0.7 0.9 -0.1 0.5 -0.4 -0.4 0.2 -0.8 0

Table 2: Matrix of coefficients h'“"'m, nT (Epoch 2010).

0 0 0 0 0 0 0 0 0 0 0 0 0
0 49451 0 0 0 0 0 0 0 0 0 0 0
0 -2707.7 -575.4 0 0 0 0 0 0 0 0 0 0
0 -160.5 251.7 -536.8 0 0 0 0 0 0 0 0 0
0 286.4 -211.2 164.4 -309.2 0 0 0 0 0 0 0 0
0 447 188.9 -118.1 0.1 100.9 0 0 0 0 0 0 0
0 -20.8 44.2 61.5 -66.3 3.1 54.9 0 0 0 0 0 0
0 -57.8 -21.2 6.6 24.9 7.0 -27.7 -3.4 0 0 0 0 0
0 10.9 -20.0 11.9 -17.4 16.7 71 -10.8 1.7 0 0 0 0
0 -20.5 11.6 12.8 -7.2 -7.4 8.0 22 -6.1 7.0 0 0 0
0 2.8 -0.1 4.7 4.4 -7.2 -1.0 -4.0 -2.0 -2.0 -8.3 0 0
0 0.1 1.7 -0.6 -1.8 0.9 -0.4 -2.5 -1.3 -2.1 -1.9 -1.8 0
0 -0.8 0.3 22 -2.5 0.5 0.6 0.0 0.1 0.3 -0.9 -0.2 0.8
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Table 3: Matrix of coefficients g" ., nT (Epoch 2015).

nto’

0 0 0 0 0 0 0 0 0 0 0 0 0
-29438.5 -1501.1 0 0 0 0 0 0 0 0 0 0

-2445.3 3012.5 1676.6 0 0 0 0 0 0 0 0 0 0

1351.1 -2352.3 1225.6 581.9 0 0 0 0 0 0 0 0 0

907.2 813.7 120.3 -335.0 70.3 0 0 0 0 0 0 0 0

-232.6 360.1 192.4 -141.0 -157.4 4.3 0 0 0 0 0 0 0

69.5 67.4 72.8 -129.8 -29.0 13.2 -70.9 0 0 0 0 0 0
81.6 -76.1 -6.8 51.9 15.0 9.3 -2.8 6.7 0 0 0 0 0
24.0 8.6 -16.9 -3.2 -20.6 13.3 1.7 -16.0 -2.0 0 0 0 0
54 8.8 3.1 -3.1 0.6 -13.3 -0.1 8.7 -9.1 -10.5 0 0 0
-1.9 -6.5 0.2 0.6 -0.6 1.7 -0.7 2.1 2.3 -1.8 -3.6 0 0
3.1 -1.5 -2.3 2.1 -0.9 0.6 -0.7 0.2 1.7 -0.2 0.4 3.5 0
-2.0 -0.3 0.4 1.3 -0.9 0.9 0.1 0.5 -0.4 -0.4 0.2 -0.9 0
Table 4: Matrix of coefficients h™ ., nT (Epoch 2015).
0 0 0 0 0 0 0 0 0 0 0 0 0
0 4796.2 0 0 0 0 0 0 0 0 0 0
0 -2845.6 -642.0 0 0 0 0 0 0 0 0 0 0
0 -115.3 245.0 -538.3 0 0 0 0 0 0 0 0 0
0 283.4 -188.6 180.9 -329.5 0 0 0 0 0 0 0 0
0 47.4 196.9 -119.4 16.1 100.1 0 0 0 0 0 0 0
0 -20.7 33.2 58.8 -66.5 7.3 62.5 0 0 0 0 0 0
0 -54.1 -19.4 5.6 24.4 3.3 -27.5 2.3 0 0 0 0 0
0 10.2 -18.1 13.2 -14.6 16.2 57 -9.1 22 0 0 0 0
0 -21.6 10.8 1.7 -6.8 -6.9 7.8 1.0 -3.9 8.5 0 0 0
0 3.3 -0.3 4.6 4.4 -7.9 -0.6 -4.1 -2.8 -1.1 -8.7 0 0
0 -0.1 21 -0.7 -1.1 0.7 -0.2 -2.1 -1.5 -2.5 -2.0 -2.3 0
0 -1.0 0.5 1.8 -2.2 0.3 0.7 -0.1 0.3 0.2 -0.9 -0.2 0.7
Table 5: Matrix of coefficients g™ , nT/year (Epoch 2010).

0 0 0 0 0 0 0 0 0 0 0 0 0
11.4 16.7 0 0 0 0 0 0 0 0 0 0
-11.3 -3.9 27 0 0 0 0 0 0 0 0 0 0

1.3 -3.9 -2.9 -8.1 0 0 0 0 0 0 0 0 0
-1.4 2.0 -8.9 4.4 -2.3 0 0 0 0 0 0 0 0
-0.5 0.5 -1.5 -0.7 1.3 1.4 0 0 0 0 0 0 0
-0.3 -0.3 -0.3 1.9 -1.6 -0.2 1.8 0 0 0 0 0 0
0.2 -0.1 -0.6 1.4 0.3 0.1 -0.8 0.4 0 0 0 0 0
-0.1 0.1 -0.5 0.3 -0.3 0.3 0.2 -0.5 0.2 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

Table 6: Matrix of coefficients h™ , nT/year (Epoch 2010).

0 0 0 0 0 0 0 0 0 0 0 0 0

0 -28.8 0 0 0 0 0 0 0 0 0 0 0

0 -23.0 -12.9 0 0 0 0 0 0 0 0 0 0

0 8.6 -2.9 -2.1 0 0 0 0 0 0 0 0 0

0 0.4 3.2 3.6 -0.8 0 0 0 0 0 0 0 0

0 0.5 1.5 0.9 3.7 -0.6 0 0 0 0 0 0 0

0 -0.1 -2.1 -0.4 -0.5 0.8 0.5 0 0 0 0 0 0

0 0.6 0.3 -0.2 -0.1 -0.8 -0.3 0.2 0 0 0 0 0

0 0.0 0.2 0.5 0.4 0.1 -0.1 0.4 0.4 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

from satellites and magnetic observatorie (Table 3 and Table 4). Schmidt semi-normalized associated Legendre functions Pnm

from expression (1) in general can be defined as an orthogonal

The change of main field for one year (or secular variation) is also polynomial, which is represented as follows (2):

represented by spherical harmonics series (Table 5 and Table 6 for
Epoch 2010 and Table 7 and Table 8 for Epoch 2015).
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. 12 1. #x
B (cosf) =1-3-5...2n 1) (n+m)!(n—m)

v (1mmn=m=l)
2(2n-1)
(n—m)(n—m—l)(n—m—Z)(n—m—_’))co

2-42n-1)(2n-3)

xsin” @[cos

+ "],

@

where ¢ is a normalization factor (¢, =2 form>1ande =1 for
m = 0); n is a degree of spherical harmonics; m is an order of spherical
harmonics.

It is important to mention here, that in a number of scientific
problems some geospatial data (for example, positions of satellites
in space) are represented in geographical (geodesic) coordinates
@, A, h, which are based on the Earth’s surface approximation by
spheroid. In these problems the Earth’s ellipticity is neglected with
no difference between spherical and geodesic coordinates. But in
accurate calculations the Earth’s pole compression should be taken
into account.

So, values r and ¢’ with the compression taken into account are
defined by the expressions (3) and (4) [9]:

4 2 4 -2
r* = h® +2hyJa* cos® go+b2 sin’ ) +w-

. 9
a* cos’ p+b*sin’ ¢

3

b’ + hya® cos® ¢+ b sin @ .

tgp' = “4)

a’+ h\/al2 cos’ @+ b’ sin’ @

where ¢ is a geographical (geodesic) latitude of the point,
[degrees]; h is an altitude (elevation), [degrees]; a is a semi-major axis
of Earth’s ellipsoid; b is a semi-minor axis of Earth’s ellipsoid.

The longitudes A in spherical and geodesic coordinates are
identical. So the components X’, Y, Z’ of induction vector of
intraterrestrial sources GMF in nT are defined as follows:

10U L R. Y oP" cos6
X =—T= " cos(mA) + k" sin(mA))| =& | ————;
0 Z(g (mA) + by’ sin( ))(r] 0
1/r 0U XL R\ P"cosO
[ = m o i _hm ﬂ _E ~ onTFm
sin® 04 Z;Zom(g sin(mA) = Ay’ cos(m ))£ p j sin@
' aU o m m - RE " "
Z :?:_ZZ(’HD(& cos(mA)+h s1n(ml)) — | P"cosé.
r n=1 m=0 r

So, in the point with coordinates ¢, A, h the orthogonal
components of induction vector (in geodesic coordinate systems) are
defined by the expressions (5)-(8), and the module of GMF induction
vector is defined by the expression (9):

X =X'cos(p—@")+ Z'sin(p - ¢'); )
Y=Y (©)
Z=27'"cos(p—¢@")+ X'sin(p— ¢"); (7)
|HI=VX? +Y?, @)
|B =X 1Y 122, ©)

where |H| is a horizontal component of GMF induction vector B,
(B, projection on horizontal plane XY).

Field value Y in expression (6) for the point with 0 = 0 is calculated
via linear interpolation. Angle elements of geomagnetic dipole are
defined as follows:

D=arctg(Y /X); I=arcsin(Z/|B,|), (10)

where D is a magnetic declination - the angle between geographic
and magnetic meridians (positive to the east); I is a magnetic dip - the
angle between horizontal plane XY and a vector B0 (positive to the
east).

Table 7: Matrix of coefficients g™, nT/year (Epoch 2015).

0 0 0 0 0 0 0 0 0 0 0 0 0
10.7 17.9 0 0 0 0 0 0 0 0 0 0 0
-8.6 -3.3 24 0 0 0 0 0 0 0 0 0 0
3.1 -6.2 -0.4 -10.4 0 0 0 0 0 0 0 0 0
-0.4 0.8 -9.2 4.0 -4.2 0 0 0 0 0 0 0 0
-0.2 0.1 -1.4 0.0 1.3 3.8 0 0 0 0 0 0 0
-0.5 -0.2 -0.6 24 -1.1 0.3 1.5 0 0 0 0 0 0
0.2 -0.2 -0.4 1.3 0.2 -0.4 -0.9 0.3 0 0 0 0 0
0.0 0.1 -0.5 0.5 -0.2 0.4 0.2 -0.4 0.3 0 0 0 0
0.0 -0.1 -0.1 0.4 -0.5 -0.2 0.1 0.0 -0.2 -0.1 0 0 0
0.0 0.0 -0.0 0.3 -0.1 -0.1 -0.1 0.0 0.2 -0.1 -0.2 0 0
0.0 0.0 -0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 -0.1 0
0.1 0.0 0.0 0.1 -0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0

Table 8: Matrix of coefficients h™ , nT/year (Epoch 2015).

0 0 0 0 0 0 0 0 0 0 0 0 0

0 -26.8 0 0 0 0 0 0 0 0 0 0 0

0 -27.1 -13.3 0 0 0 0 0 0 0 0 0 0

0 8.4 -0.4 2.3 0 0 0 0 0 0 0 0 0

0 -0.6 5.3 3.0 -5.3 0 0 0 0 0 0 0 0

0 0.4 1.6 -1.1 3.3 0.1 0 0 0 0 0 0 0

0 0.0 -2.2 -0.7 0.1 1.0 1.3 0 0 0 0 0 0

0 0.7 0.5 -0.2 -0.1 -0.7 0.1 0.1 0 0 0 0 0

0 -0.3 0.3 0.3 0.6 -0.1 -0.2 0.3 0.0 0 0 0 0

0 -0.0 -0.1 -0.2 0.1 0.1 0.0 -0.2 0.4 0.3 0 0 0

0 0.1 -0.1 0.0 0.0 -0.2 0.1 -0.1 -0.2 0.1 -0.1 0 0

0 0.0 0.1 0.0 0.1 0.0 0.0 0.1 0.0 -0.1 0.0 -0.1 0

0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Geomagnetic elements for the appropriate year t are to be
calculated with spherical harmonic coefficients g "(t) and h "(t),
which are recalculated (actualized) according to the expressions (11)
and (12):

g =&t & (=1 (11)
h:,lt = hr:’?t() +£ln(t - to); (12)

where t is a current year, ¢, is a year of the known spherical
harmonic coefficients g "(¢), h "(t); g and h ™ are the spherical
harmonic coefficients amendments, which are connected with secular
variations of GMF (Table 5 and Table 6 for Epoch 2010 and Table 7
and Table 8 for Epoch 2015).

Dipole geomagnetic field corresponds to the field, which is
represented by the first element of spherical harmonics in (1).
The components of dipole element are defined by the following
expressions:

3
X(r,0,4) = [—g]o sin@ + (g cos A+ h' sin 1) cos 9](&:} ;. (13
B
R 3
Y(r,0,4) = [gll sin A — A/ cos ﬂ][EJ ; (14)
r

R Y
Z(r,@,/l)z—Z[gf cos@+ (g cosA+h sini)sin&][Ej . (15)
r

The coordinates of magnetic dipole poles (geomagnetic poles)
and magnetic moment M [Tl-m3] are defined by the expressions (16),
(17) and (18):

tgd, = ——; (16)

2 2 2
M=R} () +(e) +(n). )
where ®0 and AO are geographical latitude and longitude of
geomagnetic pole, [degrees].

Figure 1 and Figure 2 represent methodic and algorithm of
calculation of parameters of GMF and geomagnetic dipole, which
are adapted for programming formalization. Detailed description of
methodic and algorithm is given in previous papers [10].

Programming instrumental complex GEOmagnetic_v1.0
(Certificate of official computer program registration No. 2013610905)
was developed on the basis of the methodic and algorithm to increase
an efficiency of GMF parameters calculation. This complex provides
operations for generating calculated data about GMF and their
geospatial link in automated mode with error, which is acceptable
according to Russian Federation standard [3] “Geomagnetic field.
Inner field model” [3].

Modeling, Visualization and Analysis of GMF
Parameters for 2010-2015

Figure 1 and Figure 2 represent an example of visualization of
GMF parameters calculation results (as a set of isolines). Values of the
parameters were obtained via programming instrumental complex
for Epochs 2010 and 2015. Isolines in the figures are represented with
step of 1000 nT (1 uT) to allow making judgments about their relative
displacement.

Integration of programming instrumental complex with modern
GIS technologies [11-13] provides a possibility of clear representation
of inner GMF full vector parameters change dynamics for 2010-2015
(Figure 3). On the figure dashed and solid lines define a distribution
of parameters of inner GMF full vector at 2010 and 2015. Isolines step
is 2500 nT (2.5 uT).

Figure 4 represents a visualization of ABI parameter, which
is defined according to expression (15) and provides a basis for
judgments about global reversal of inner GMF:

h AB, =B, 15 = B, 30105
tgAO _71’ (17) 1 12015 12010
81 where B s and B o are values of inner GMF vector at 2010
and 2015.
\ 30°N
60°N — s / ~ 0°N
40°N ~ \\\ § 40°N
—~
N ~ ~ = 20°N
A / \ T PaXjfi ((mw
o — \ ‘ /—'l\ \ \\; 0

80°S

7 , Yo's

Figure 1: Model of inner GMF full vector distribution for Epoch 2010.

—
= 80°S
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Figure 2: Model of inner GMF full vector distribution for Epoch 2015.

80°S

Legend

—— Epoch 2015
— — - Epoch 2010

Figure 3: Comparison of inner GMF full vector distribution for Epochs 2010 and 2015.

According to the analysis of figure 3 and figure 4 it is obvious, that
for 2010-2015 a reversal of inner GMF in the Western Hemisphere
is appeared as weakening (AB, = -730.1 nT) and in the Eastern
Hemisphere - as strengthening (AB, = 567.2 nT). Maxima and
minima of weakening and strengthening are observed on North-
Western and South-Eastern regions of the planet.

Table 9 represents results of calculation of geomagnetic dipole
magnetic moment. Also the table represents the coordinate of its
North Pole according to expressions (12)-(14).

Analysis of table 9 proved, that for the last five years magnetic
moment of geomagnetic dipole decreased by 2.218:1013 T-m3

(~0.286 %). Thereby North magnetic pole shifted from the point
-80.015" N, 72.219’ E to the point -80.312° N, -72.621" E. It is ~33.93
km in southern geographical direction.

Conclusion

So, calculation, modeling and analysis of inner GMF parameters
for 2010-2015 proved, that:

. for this period a reversal of inner GMF in the Western
Hemisphere appeared as weakening (AB, . =-730.1 nT) and in the
Eastern Hemisphere - as strengthening (AB, | =567.2 nT);

Vorobev AV, Shakirova GR (2015) Modeling and Analysis of Main Magnetic Field of the Earth for the Period 2010-

2015. Int J Earth Sci Geophys 1:002
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Figure 4: Analysis of the increments of inner GMF for 2010-2015.

Table 9: Calculated values of geomagnetic dipole parameters.

arameter M, T-m? ®,, [degrees, A, [degrees, E]
N
Epoch 1
2010 7.745-1015 -80.015 -72.219
2015 7.723-1015 -80.312 -72.621

o for the last five years magnetic moment of geomagnetic

dipole decreased by 2.218-1013 T-m3 (~0.286 %);

North magnetic pole shifted from the point -80.015
N, 72.219° E to the point -80.312° N, -72.621" E. It is ~33.93 km in
southern geographical direction.
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