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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
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Introduction

This International Standard describes the main requirements to the earth's magnetospheric magnetic field
model. The model satisfying the set of requirements is described in Annex A as example calculations. The
model can be used in scientific and engineering applications and is intended to calculate the magnetic
mductlon field generated from a variety of current systems Iocated on the boundarles and within the
bounda ind disturbed,
are affected by solar-terrestrial interactions stimulated by solar actrvrty such as solar flare$ and related
phenpmena, which induce terrestrial magnetic disturbances such as magnetic storms.

© 1SO 2009 - All rights reserved Vv
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For the purposes of this document, the following terms and definitions apply.

an unambiguous presentation of the magnetic field in the earth's magnetosphere;

Terms and-definitions

Scope

nternational Standard describes the main magnetospheric large-scale current systems-and
n the earth's magnetosphere and provides the main requirements for a model.'of)the ma
etic field. lonospheric currents are not considered in this International Standard. Anr
ational Standard gives a worked example of the model and establishes the pa
etospheric large-scale current systems that change according to conditions”in the space
nternational Standard can be used to develop new models of the magnetospheric magnet
Is are useful in investigating the physical processes in the earth's” magnetosphere a
lations associated with developing, testing and estimating the resulis of exploitation of spa
equipment operating in the space environment.

hain goals of standardizing the concepts of the earth's magnetospheric magnetic field are to

ompatibility for the results of the interpretation and analysis of space experiments;

bss labour-intensive calculations of the magnetic field of magnetospheric currents in space
istances of 1,0 to 6,6 earth radii, Rg;

he most reliable calculations of all elements of the geomagnetic field in the space environme

magnetic field model presented in Annex A of this International Standard can be used t
ion conditions in space, including the periods of intense magnetic disturbances (magnetic s
oping systems of spacecraft magnetic orientation and when forecasting the influence
bances on transcontinental piping and power transmission lines.

the magnetic
gnetospheric
ex A of this
rameters of
Environment.
c field. Such
5 well as in

cecrafts and

provide

At geocentric

nt.

b predict the
forms), when
of magnetic

21

internal magnetic field
(main magnetic field) magnetic field produced by the sources inside the earth's core

NOTE

It can be presented in the form of a series of spherical harmonic functions. The expansion coefficients

[International Geomagnetic Reference Field (IGRF) model] undergo very slight changes in time. The International
Association of Geomagnetism and Aeronomy (IAGA) is responsible for IGRF model development and modifications and
approves its coefficients every five years. Internal magnetic field is not addressed by this International Standard.

2.2

external magnetic field
(magnetospheric magnetic field) magnetic field produced by magnetospheric sources of magnetic field

©I1SO
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23
magnetosph

eric sources of magnetic field

sources of magnetic fields including the following:

mag

par

currents fl

currents fl

lowing over the magnetopause and screening the geomagnetic dipole magnetic field;

lowing inside the earth's magnetosphere, including
netopause,

cles and partial ring current, produced by azimuthal currents at low latitudes flowing maostly

pre-

fielg
clos

currents
fields

NOTE 1 El
variation at alt

NOTE 2
24

geomagneti
angle of incli

2.5

midnight sector, and closed by field-aligned and ionospheric currents,

-aligned currents, produced by currents flowing along the high-latitude magnetig, \field
ed by currents on the magnetopause and in the ionosphere;

flowing over the magnetopause and screening the ring current and partial ring current mag

ectric currents flowing entirely in the ionosphere (ionospheric currents) confribute to the magneti
tudes below 1 000 km. In the region above 1,5 R, the effect of the ionospheric.Current is insignificant.

Magnetic field of ionospheric currents is not addressed by this InternationakStandard.

C dipole tilt angle
nation of the geomagnetic dipole to the plane orthogonal to the earth-sun line

solar-magnétospheric (GSM) coordinates

Cartesian ge
the X-axis, li
X-and Z-axe

2.6

magnetopat
geocentric di

3 Gener

3.1 Magn

The vector,
calculated frq

ocentric coordinates, where the X-axis is directed to the sun, the Z-axis, which is orthogo

bs on the plane with the X-axis and the geomagnetic dipole axis, and the Y-axis supplemen
5 to the right-hand system

se stand-off distance
stance to the subsolar point.on the magnetopause

Al concepts and assumptions

ptic field induction in the earth's magnetosphere

m.Equation (1):

tail currents, produced by currents across the geomagnetic tail and closure currents on the

ring currents, including symmetrical ring current, circling around the earth and carried by trapped

n the

ines,

netic

field

hal to
s the

EM, expressed in nanoteslas, of the magnetic field induction in the earth's magnetospheére is

BM = E1 + Ez
where
B, is the vector of induction of the internal magnetic field;

Bz is the vector of induction of the external magnetospheric magnetic field.

(1)

The magnetic field of the magnetospheric currents (external magnetic field), l§2 , is calculated in terms of the
quantitative model of the magnetosphere.

© 1SO 2009 — All rights reserved
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3.2 Magnetospheric magnetic field standardization: process-based approach

This International Standard for magnetospheric magnetic fields does not specify a single magnetospheric
model, theoretical or empirical. In order to encourage continual improvements in magnetospheric modelling,
this International Standard is a process-based standard for determining the magnetospheric magnetic field.
The magnetospheric magnetic field model, after its development, can satisfy the requirements in Clause 4 and
the list of criteria presented in Clause 5. The worked example of the model is presented in Annex A and it is
necessary that it be reconsidered every five years relative to the candidate models. The current worked
example is presented in the Annex A.

4 Modelrequirements

4.1 | General

The model of the magnetic field of magnetospheric currents (subsequently referred to as [the “model”)
presénts the vector of induction of magnetospheric currents in solar-magnetospheric.coordinates.

The model describes a regular part of the magnetic field in the region from 160,RE to 6,6 Rg.

The model reflects the compression of the earth's magnetosphere i the dayside due to interagtion with the
solarfwind, day-night asymmetry (i.e. the field on the nightside is weakened), daily and seasonal Jariations.

The model takes into account the geomagnetic dipole tilt angle;varying in the range from —35° to [+35°.

4.2 | Magnetospheric magnetic field sources

The $tandardized magnetospheric magnetic field is‘produced by the currents described in 2.3. The effect of
the ignospheric currents is not addressed by this_International Standard.

4.3 | Parameterization

Each|magnetospheric source of magnetic field depends on parameters that are calculated from gmpirical data.

4.4 [ Magnetospheric dynamics

The hagnetospheric dynamics is determined from a sequence of its instantaneous states.

4.5 [ Model testing’and comparison with measurements

The model testing is carried out with the help of databases that include spacecraft-based arjd on-ground
meagurements. The dataset used for the model testing is presented in Annex C.

5 List of criteria

The compliance criteria for this International Standard consist of the activities common for any candidate
magnetospheric magnetic field model. These criteria specify the compliance process that includes the
documentation, publication and testing of the model and include the following.

— The candidate model shall include a statement of the modeling approach used (empirical or theoretical
model). The empirical models shall include a clear specification of the input data used to derive the model
and where these data were measured. Theoretical models shall include a description of the physical
principles and approaches that are used as the basis of the model.

© 1SO 2009 - All rights reserved 3
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— A statement concerning the candidate model area of application and domain of applicability should be
included.

— A statement about the root-mean-square (rms) errors during the model calculations relative to the
deviations from the observational data obtained from measurements should be included. For empirical
models, comparisons should also be made with data, different from those on which the model is based.

— A description and implementation of the magnetospheric magnetic field model should be published in
internationally accessible, refereed journals.

4 © 1SO 2009 — All rights reserved
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Annex A
(informative)

Paraboloid model of the magnetospheric magnetic field: calculation of
induction of the magnetic field of the magnetospheric currents

A1 P botoid tetoftt tic-fiatd-of | heri |
A.1.1 General
The magnetospheric magnetic field calculated by paraboloid model is a solution of the-magnetos}atic problem
insid¢ the paraboloid of revolution.
The Yector of induction of the magnetic field of magnetospheric currents is calculated from Equatipn (A.1):

éz = Bsd (V/,R»]) + Bt (1//,R1,R2,¢°0) + BI’ (l//,bt) + BSF (V/,R1,br) + Bfac (10) (A1)
wherg

Esd is the magnetic field of currents on the magnetopause screening the dipole field;

ét is the magnetic field of the magnetospheric tail;

Er is the magnetic field of the ring current;

ésr is the magnetic field of curfents on the magnetopause, screening the ring current fielf;

B... is the magnetic field of region 1 field-aligned currents.
The [components of the-magnetic field of magnetospheric currents, By, B, B,, By, ahd By, are
calculated separately in.terms of the paraboloid model of the magnetosphere in the form of [series in the
BesskEl functions or_Kegéendre polynomials.
A.1.2 Parameters
The [corfiponents of the magnetic field of magnetospheric currents, By, By, B, , By ahd By, are
determined from the values of the following parameters of the magnetospheric current systems:

v is the geomagnetic dipole tilt angle, expressed in degrees;

R1 is the distance to the subsolar point at the magnetopause, expressed in earth radii;

f?z is the distance to the earthward edge of the magnetospheric tail current sheet, expressed in earth

radii;
@_ is the magnetic flux in the tail lobes, defining the current intensity in the magnetotail, expressed in
webers;

© 1SO 2009 - All rights reserved 5


https://standardsiso.com/api/?name=3c087a0fe01a76019cfbf94ba0498bd8

ISO 22009:2009(E)

b

r

is the intensity of the ring current magnetic field at the earth's centre, expressed in nannoteslas;

Iy is the total region 1 field-aligned currents intensity, expressed in mega-amperes.

A.1.3 Submodels

The instantaneous values of the parameters of the magnetospheric current systems, v, R1 , Rz , D, boand I
are determined using a limited set of empirical data in terms of the so-called submodels (see Annex B).

A.2 Magngtic field of the TmTagnetopause currents screening the geomagnetic dipople

By is calcu

Byy =

where the s
spherical cod

Usg =~
where P, is g

P

(2
The magneti

ME =B

where By is t

The first six ¢

ated as given by Equation (A.2):

VU

rdinates R, #and ¢ (see C.1), as given in Equation (A.3):

he magnetic field at the geomagnetic equator of the earth.

field of magnetopause currents

imensionless coefficients d,U and alnL are listed in the Table A.1.

Table A:1v— Expansion coefficients for the scalar potential of the magnetic

(A.2)

Calar potential, Ugy, of the magnetic field of the magnetopause currents is presented ip the

A};[—? ; (R%]” [d,U siny - P,(cos @)+ alnl COSy Cos@- P,J (cos 9)] (A.3)
iven by Equation (A.4):

n!)_1 -{d” (x —1)"/@”}, P! (x)=1-x2 -(dPJdx) (A4)
C moment of the geomagnetic dipole; Mg, is given by Equation (A.5):

b RE (A5)

: it )
1 0,6497 0,940 3
2 0,216 5 0,465 0
3 0,043 4 0,129 3
4 —-0,000 8 -0,014 8
5 -0,004 9 -0,016 0
6 -0,002 2 -0,022 5
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The magnetic field of the tail current system, Bt , is calculated from Equation (A.6):
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By =-VU; + By, (A.6)
where U, is determined by Equations (A.7) to (A.10):
y [bnk + cﬂkK:l (ﬂ’nkao )ﬂnk—|COS ng- Jn (ﬂ’nkﬁ)ln (ﬂ’nka) for o < &0}
k,n=1
¢ = by Ry ﬂtaolna-sign(g—|(plj+... (A7)
Y €t €081 11, (At 00 Vg (At BIK (A, 2) for a >\
wherge
Cuk = bk an I, (ﬂ’nk 0(0) (A.8)
1=
24 [ [ 7, (AuB) f (B, ¢) cos npdpd B
0-1
k= 2 2\ ,2 ) (A-9)
n(ﬂ’nk —-h )Jn (ﬂ’nk)[n (ﬂ’nkOKO)
%
—>[cosg, for oy B cos.¢ < f;
(B, 9)= t (A.10)
. V4
sign (E - |(/)|] for oy cos ¢ > By
wherg
- is the zere'of the equation J = 0;
0 is the_parabolic « coordinate of the inner edge of the tail current sheet, equal to \ﬁ—2R2/R1 ;
d
By = &,
by is the magnetic field in the tail lobe at the inner edge of the tail current sheet, equal to
20 \/—
> [R/(2Ry + Ry) .
V2R + Ry
The magnetic field inside the current sheet, Bt,in’ is calculated from Equation (A.11):
B. . _bﬂﬁﬂg. =0.B... =0 (A.11)
tin,a t o ﬂt W’ t,in, » Dtin, @ .
A description of the paraboloid coordinates is presented in C.3.
© 1SO 2009 - All rights reserved 7
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A.4 Ring current magnetic field
The ring current magnetic field, Br, is determined by Equation (A.12):
5 3( p5
R - RE [ R -
BF—MR- (R_] -Bd+230—3[—— ]ez for OSR<Ry

2 rc
By for R>=R,

(A.12)

R, = \[(0,5(R2 +R3);
Mg s the magnetic moment of the ring current, equal to 0,5 b, -RS/(4\/2—1) ;

By s the magnetic field of the geomagnetic dipole;

é, S a unit vector in the direction opposite to the geomagnetic dipolé:

Expressions [for Ed and e, in the solar-magnetospheric coordinates are.presented in C.4.

A.5 Magnftic field of the magnetopause currents screening the ring current

The magnetjc field of the magnetopause currents screening the ring current, Esr, is calculated | from
Equation (A.13):

By, =-VU,, (A.13)

where the sgalar potential, Ug,, of the-magnetic field of magnetospheric currents presented in sphgrical
coordinates R, 6 and ¢ (see C.2) is given-by Equation (A.14):

2

n
M — .
Ugr :_‘M_RZ(R%J [dl}smy/-Pn(cosehdnlcos:// cosgo-P,J(cose)} (A.14)
1 n=1

The coefficients d,U and)d - are listed in Table A.1.

A.6 Magneticfieldof field=aligned—currents

The magnetic field of field-aligned currents, Efac , is calculated from Equation (A.15):
B, =curl Agye (A.15)

where the vector potential A, of the magnetic field of field-aligned currents is presented in spherical
coordinates R, & and ¢ with the polar axis in a direction opposite to the earth's dipole (see C.2 and C.4), as
given in Equation (A.16):

8 © 1SO 2009 — All rights reserved
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tan(6/2)
tan(6,,/2)
- HMolpsing |sing,

for 0<0<6,

= for 6, <0<7-6 A.16
fac = 2(1+cosby,) | sing m m (A.16)
_coMO12) g o <o<n
tan(6,,/2)
where 6, is the polar cap radius, expressed in radians, as given by Equation (A.17):
EinZ Om =39 (2../|Bo|) (A.17)

wher

A7

A.7.1 Comparison with the large magnetosphere magnetic field database

NOTEH See Reference [1].

e &, is expressed in megawebers and B in nanoteslas.

Accuracy of the model

Analysis of the distribution of the relative discrepancies integrakover the whole experimental matgrial indicates

a dis

A.7.2 Comparisons with Dst and satellite measurements

RMS
storm

A comparison between the model calculations and the empirical data is presented in detail in thq

Repo

A.8
Othe

a) s

C)

Crepancy mean value of about + 3 %; o of the distribution‘is about 80 %.

S.

rt and published in References [2]'t0'[5].

Other relevant models

relevant models include the following:
emi-empiricali'96 model; see Reference [6];
emi-empirical TO1 model; see References [7] and [8];

emi~empirical T04 model; see Reference [9].

errors are about 10 % to 15 % of the peak worldwide magnetic storm level (Dst) for different magnetic

Explanatory

Parameterization for the models is performed using large magnetospheric databases and is different for
different models. Several model revisions reflect the different mathematical description of the major sources of
the magnetospheric field and their different parameterization. The most popular TO1 model parameters are the
geomagnetic dipole tilt angle, interplanetary magnetic field (IMF) B,, and B, components, solar wind dynamic
pressure and Dst index. An attempt is made to take into account the prehistory of the solar wind by
introducing two functions, G1 and G2, that depend on the IMF B, and solar wind velocity and their time
history.

©I1SO
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Annex B
(informative)

Submodels

B.1 Submodels — Calculation of the main parameters of magnetospheric current

systems

In the parab
systems are
to relate the
field depend
the model's
These subm

B.2 Tilt apgle of the geomagnetic dipole
The tilt angle] of the geomagnetic dipole, y, is calculated from Equation(B:1):

sin =+ sin fcos o4 + cos Bsin aq cos ¢,

where
4
B
27,

¢S e

1 day

Pm

Ty

B.3 Dista

parameters of the magnetospheric current systems to the measured data. While-the mag
bnce on parameters is fixed, the parameters' dependence on empirical data,can be chang
user. Below are the simple submodels that allow a calculation of the model“input param
bdels are not subject to standardization.

s the angle between the earth's axis and the geomagnetic dipole moment and is equal to 11
s the sun's deflection, defined as sin:f='"sin o, cos ¢g;
s the angle between the earth's axis and the normal to the ecliptic plane and is equal to 23,5

s the angle between the garth-sun line and the projection of the earth's axis at the ecliptic
and is equal to 0,985 626 3 (172 — Iday);

s the number of the,day in a year;

5 the angle_‘between the midnight geographic meridian plane and northern magnetic
neridian plane and is equal to 7,-15°- 69,76°;

is thecuniversal time, expressed in hours.

bloid model of the magnetosphere, the values of the parameters of the magnetosphgetic’ clirrent
calculated using submodels. The submodels represent empirical correlations or guxiliary mpdels

netic
bd by
bters.

43°;

0.
’

blane

pole

nce from the earth to the subsolar point on the magnetopause

The geocentric distance, R4, to the subsolar point is calculated using solar wind data: the solar wind dynamical
pressure and IMF B, component as given by Equation (B.2) (see Reference [10]):

Ry ={10,22+1,29 tanh [ 0,184(B, + 8,14)}(nv?) 66

10

1

© ISO 2009 — Al rights re;
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where
B, is the IMF z component, expressed in nanoteslas;
n is the solar wind concentration, expressed in reciprocal cubic centimetres;
v is the solar wind velocity, expressed in kilometres per second.

B.4 Distance to the earthward edge of the geomagnetic tail current sheet

The fistance to the earthward edge of the geomagnetic tail current sheet, R,, is calculated as given in
Equation (B.3)

Ry =1/cos? ¢, (B.3)
wherg

R, is expressed in earth radii;

p, is the latitude of the equatorward boundary of the auroral oval.at midnight.

B.5 [Magnetic flux through the magnetotail lobées

Magrnetic flux through the magnetotail lobes, @_, is calculated as given in Equation (B.4):
D, = Oy + D, (B.4)
wherg
D, is the magnetic flux in the magnetotail during quiet periods, equal to 3,7-108 Wb

D,

s the time-dependent'magnetic flux in the lobes associated with intensification of thgd magnetotail

2

. . R 2R

current system(auring disturbances, equal to — 4, T:—Aj R—2 +1
1

vhere 4, is the.auroral index of geomagnetic activity; see References [2] and [4].

B.6 |Ring current magnetic field at the earth's centre

The ring current intensity is characterized by the value of ring current magnetic field at the earth's centre,
which is calculated by the Dessler-Parker-Scopke relation, as given in Equation (B.5):

2 £
b =—=p, =L B.5
r 3 0 Sd ( )
where
& is the total energy of ring current particles;

& is the geomagnetic dipole energy, equal to %BO Mg ; see References [2] and [11].
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