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ABSTRACT 

The Tsyganenko 2001 model is an empirically based 
model of the magnetic field generated by currents in the 
magnetosphere.  Comparison of this model with data 
from the Cluster spacecraft shows an overall favourable 
similarity between the model magnetic field and that 
observed by the four spacecraft.  Given this model is 
successful in general, we have performed a simple, 
initial investigation of the properties of the 
magnetospheric magnetic field using the model.  We 
have looked at both quiet and active times to assess the 
impact on the removal of magnetospheric signals from 
satellite data and also the input to induction studies. 
 
1. INTRODUCTION 

The Tsyganenko 2001 model (T01) [1,2] estimates the 
magnetospheric magnetic field in a modular fashion 
from the main current systems.  The major current 
systems have their own mathematical descriptions: 
Chapman-Ferraro (magnetopause), ring current, cross-
tail current sheet and the large-scale field-aligned 
(Birkeland) currents.  The final magnetic contribution 
included comes from the partial penetration of the 
interplanetary magnetic field (IMF) inside the model 
magnetopause; this is a potential magnetic field. The 
magnetic field strength from the other current systems is 
not assumed to be curl-free. 
 
Many satellites have contributed to the data set used to 
fit the parameters in this model.  Coverage is limited to 
the inner magnetosphere, XGSM> -15 RE (GSM, 
Geocentric Solar Magnetospheric coordinates).  The 
merit function used to optimize the 2001 model is the 
root mean square deviation of the full vectors of the 
external field.  This is in contrast to the 1996 version of 
the model [3] which used a directional merit function.  
For a full description of the data and fitting procedures 
see [2]. 
 
T01 is driven by five input parameters: Solar wind 
dynamic pressure, Solar wind speed, disturbance storm 
time index (Dst - or its high time resolution counterpart 
SYM-H [4]) and IMF components in the YGSM and ZGSM 
directions.  These inputs feed into various coefficients 
within the model – notably two parameters which keep 
track of the history of external inputs to the 
magnetosphere, this provides a time-history component 
to the driver. 
 

2. METHOD 

To assess the impact of this physical approach to 
modelling the current systems and the resultant 
magnetic field we have conducted a spherical harmonic 
analysis of the T01 model.  A regular grid of synthetic 
data from T01 for steady interplanetary conditions was 
calculated at an altitude of 0 km.  We have not included 
any internal or ionospheric magnetic field components 
since we are solely concerned with the magnetospheric 
contributions to the overall field.  This was used to 
generate a set of Schmidt normalised Gauss coefficients 
[e.g. 5] up to degree 14 using a least squares technique.  
No damping has been used in this simple analysis (this 
will be applied in a future study).   
 
3. RESULTS 

All the following plots show the radial magnetic field 
component, Br, calculated at 00:00 UT.   
 
3.1. Quiet interplanetary conditions 

Fig. 1 depicts Br from the complete T01 model during 
quiet conditions (see Tab. 1).  This includes all 
magnetospheric sources and their shielding terms (the 
shielding keeps the magnetic field generated by the 
individual currents within the magnetopause). 

 
Figure 1. Br from complete T01 during steady, quiet 

conditions. 
 
 Quiet Active 
Solar wind speed, km s-1 300.0 700.0 
Solar wind density, cm-3 5.0 5.0 
IMF BY (GSM), nT 0.0 0.0 
IMF BZ (GSM), nT -2.0 -20.0 
Dst, nT -2.0 -150.0 

 
Table 1. Input parameters for T01. 

 



 

The degree 0 term was included in the expansion and its 
value is reassuringly small (of the order of 105 times 
smaller than the degree 1, order 0 coefficient).  The 
power spectrum, Rl, (Eq. 1) of the Gauss coefficients is 
shown in Fig. 2.  Note that the power spectrum has a 
factor of l rather then (l+1) because this is for the 
external magnetic field. 
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This spectrum is clearly noisy from degree 4 onward, it 
is unclear whether this extends back to degree 3.  (Note 
that the power spectra given here are corrected versions 
of those shown in the poster).  If we assume degrees 1 
and 2 to be valid then there is a small contribution to the 
field structure from the quadrupolar term. 
 

 
Figure 2. Power spectrum from the Gauss coefficients 

for quiet conditions 
 
It is possible to split up the various contributing current 
systems of T01 and assess their individual impact (Fig. 
3).  Each module also contains its shielding term (for 
more details about how the shielding is achieved see 
[1]).  So for example, the ring current part includes a 
shielding term as well as the contribution direct from 
the ring current.  As a consequence, Fig. 1 is not a 
simple sum of the values in the plots of Fig. 3.  
 
The striping in Fig. 3(c) and (e) is a processing artefact, 
the result of either very small values for Br or possibly 
the result of not using any damping with the least 
squares fit.  For example, the minimum and maximum 
for the IMF penetration case (Fig. 3(e)) are -1.15 and 
+1.15 nT respectively.  This does not affect the total 
magnetospheric input to the magnetic field as shown in 
Fig. 1 since the magnitude of the contributions when 
combined is sufficiently large. The general non-dipole 
nature of the field-aligned current contribution does 
appear to be genuinely present in T01 (see section 3.2).  

 
Figure 3. Br during quiet conditions from: (a) ring 

current, (b) tail current, (c) field-aligned currents, (d) 
magnetopause current and (e)IMF penetration.  

 
If an interplanetary east-west magnetic field component 
(BY=10 nT) is added to the quiet conditions, the total 
Tsyganenko output changes to that shown in Fig. 4.  
The clock angle in this case is 101° (clock angle is 
measured clockwise from positive BZ in the GSM 
coordinate system), previously it was 180° with the 
purely southward IMF.  There is undoubtedly a change 
in the structure of the magnetospheric field due to the 



 

change in clock angle although the effects are small.  
The most likely candidate for the changes is the field-
aligned currents since they are strongly influenced by 
the IMF clock angle.  This will be investigated at a later 
date. 

 
Figure 4. Br from complete T01 during steady, quiet 

conditions with additional BY=10 nT. 
 
3.2. Active interplanetary conditions 

A similar analysis has been applied to active 
interplanetary conditions; Fig. 5 shows the results of 
applying steady active conditions (see Tab. 1).  Note the 
values on the colour scale for Br have increased by a 
factor of ten from Fig. 1.   

 
Figure 5. Br from complete T01 during steady, active 

conditions. 
 

The corresponding power spectrum is given in Fig. 6.  
As before, the degree 0 term is very small compared to 
the degree 1, order 0 coefficient (a factor of 105 
smaller).  The shape of the active power spectrum is 
distinctly different from the quiet case in the previous 
section.  The active magnetosphere model has 
significantly more non-dipole power as we might 
expect.  It is difficult to say at which degree the 
spectrum becomes dominated by noise rather than 
signal, but it appears that the generally larger signal due 
to the increased activity prevails over the noise beyond 
degree 2, possibly as far as degree 6.   
 
The breakdown of the active conditions into the various 
components works much better at this higher activity 
level (Fig. 7) – all contributions except the FAC are 
mostly dipolar.  There is a noticeable asymmetry in the 
ring current field, a result of the now more powerful 
partial ring current.  

 

 
Figure 6. Power spectrum from the Gauss coefficients 

for active conditions. 
 
If an interplanetary east-west magnetic field component 
is added to the above conditions (BY=10nT), the total 
T01 output changes as it did for quiet conditions (Fig. 
8).  Note that the IMF clock angle does not change as 
much as for the quiet case since BZ is larger (clock 
angle now 153°).  The asymmetry has nevertheless been 
further increased by the change in BY. 
 
 
4. DISCUSSION 

The form of T01 clearly produces an asymmetry in the 
magnetospheric magnetic field during active times as 
expected.  There is also a small shift in the overall 
magnetospheric field at quiet times when there is an 
east-west component to the IMF.   
 
An estimate of the location of the dipole axis (dipole 
centred  at origin) for the 00:00 UT active case gives the 
northern pole at geographic latitude 64.3°N and 
longitude 27.9°E; for the quiet case, 65.9°N , 29.7°E.  
These two results seem remarkably similar.  With the 
additional BY=10 nT, the active case gives a dipole 
location at 64.8°N, 24.3°E; quiet at 67.5°N, 4.8°E.  It 
appears that the larger change in the clock angle in the 
quiet case has a significant effect on the pole longitude. 
 
The partial ring current is clearly a major influence on 
the symmetry of the system at active times.  At this 
stage in our investigations it is unclear precisely which 
other components contribute to the increased 
asymmetry, particularly when the IMF BY is non-zero.  
It seems likely that the field-aligned currents are partly 
responsible since they are influenced by the IMF clock 
angle.  With this in mind we will be conducting a more 
detailed analysis of the effect of clock angle on the 
various components as well as the complete output of 
T01. 



 

 
Figure 7. Br during active  conditions from: (a) ring 

current, (b) tail current, (c) field-aligned currents, (d) 
magnetopause current and (e)IMF penetration . 

 
 

 
Figure 8. Br from complete T01 during steady,acive 

conditions with additional BY=10 nT. 
 
The T01 treatment of field-aligned currents is 
necessarily complex, but there is one simplification that 
may affect the results presented here.  The closure of the 
currents is assumed to occur at the centre of the Earth, 
not in the ionosphere as in reality.  Tests performed in 
[1] on the validity of this approach showed that this is a 
reasonable approximation; however, our use of T01 at 0 
km altitude may be introducing unwanted effects.  A 
future study will compare the application of T01 at a 
greater altitude and then applying downward 
continuation to the current results. 
 
 
5. CONCLUSIONS 

As expected, the primary shape of the magnetospheric 
magnetic field is dipolar.  The field-aligned current 
contribution is the only field that shows up as being 
particularly non-dipolar under all conditions; the ring 
current becomes asymmetric under active conditions.  
Even under quiet conditions there is a small quadrupolar 
input to the magnetic field structure. 
 
We plan to introduce a damping parameter to the least-
squares fitting to lessen the influence of noise on the 
results.  Then we will undertake a more full 
investigation of the effect of clock angle and a wider 
range of activity levels.  
 
 
6. REFERENCES 

1. N.A. Tsyganenko, A model of the near 
magnetosphere with a dawn-dusk asymmetry: 1. 
Mathematical structure, J. Geophys. Res., 107, 
10.1029/2001JA000219, 2002a. 

 2. N.A. Tsyganenko, A model of the near 
magnetosphere with a dawn-dusk asymmetry: 2. 
Parameterization and fitting to observations, J. 
Geophys. Res., 107, 10.1029/2001JA000220, 
2002b. 

3. N.A. Tsyganenko, Modeling the Earth’s 
magnetospheric magnetic field confined within a 
realistic magnetopause, J. Geophys. Res.,  100 
(A4), pp 5599-5612, 1995. 



 

4. J.A. Wanliss and K.M. Showalter, High resolution 
global storm index: Dst versus SYM-H, J. Geophys. 
Res., 111, A02202, 10.1029/2005JA011034, 2006. 

5.  R.J. Blakely, Potential Theory in Gravity and 
Magnetic Applications, Cambridge University 
Press, 1996. 

 
 
7. ACKNOWLEDGEMENTS 

The authors wish to express their gratitude to the UK 
research council NERC for funding this work as part of 
the GEOSPACE consortium. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


