Candidate Models for IGRF 2005  and  IGRF SV 2007.5

by Golovkov, Zvereva and Chernova(IZMIRAN)
For obtaining our candidate models we used a technique, described in Proceedings of 2nd  CHAMP Science Meeting, Sep 1-4, 2003, GFZ Potsdam (in press). 

Our candidate models are based on series of daily SH models from may 2001 till august 2004, expanded into Natural Orthogonal Components on whole time interval. For the NOC analysis data were organized as a rectangular matrix  constructed from SH coefficients of daily models (column)- day numbers (rows).

All days mean value of each coefficient was extracted from the corresponding line and  the matrix obtained in this way was used for NOC analysis.

Thus mean values of coefficients give the main field model for middle day of the time interval. NOC1 is varying close to a straight line on the whole time interval and can be interpreted as the linear secular change of the field.  NOC2 corresponds to the series of daily mean Dst indices. Coefficient of its correlation with daily mean series of the standard Dst index is 0.98.  NOC3 corresponds to the seasonal variation. Thus, obtained space-time model can be represented as a+bt+f1(t)+f2(t), where two last terms depend on time parametrically and have wellknown physical origin. Both these terms can be omitted for the only main field model.

Taking into account the straight line character of the SV, NOC1 was taken for the IGRF 2005.0 candidate model developing. Presented here IGRF 2005 model of degree-order 13 was a result of extrapolation of series of about four years of daily models up to Jan 1, 2005 using our NOC1 as SV model.

We also derived a candidate model for secular variation, assuming that the straight line approximation of the field change 2000-2005 interval can be continued for 2005 – 2010 one. This assumption seems to be enough good if a new jerk will not appear during next five years. IGRF SV 2007.5 is the n=m=8 truncation of the SV terms in space-time model for 2000.0-2005.0.

Data selection

In this work we used only CHAMP vector data of sampling rate 1 second. Taking into account two steps of averaging in the space-time model developing, being both the averaging in the daily models and the NOC expansion on a few years time interval, which allows to extract the NOC’s, describing Dst, seasonal variation and almost negligible uncorrelated NOC’s of k>3, we have no need in any special extraction of data, any kinds of weighting, use scalar data in the high latitude regions and so on.

Dear Susan,

I am sorry that our brief description of the procedures we have made to

obtain the main field model  is too short to be clear and intelligible.

Our method distinguishes from the methods used by other teams   so much 

that it seems to be too rough. Really, using the magnetic data  measured

by CHAMP, we didn't apply a correction of anisotropic errors  due to

attitude uncertanty. Besides, we didn't try to reduce the influence of

the fields produced by ionospheric current systems  by means of choosing

only the data of night period of observation, nor by choosing quite

magnetic days, nor isolating the high latitudes into special zone, where

the scalar values are used instead of the vector ones. We   didn't even

parameterize the model using different indices as  manmade models of

different types of variations, for example, the seasonal one. Everything

was fulfilled  deliberately because we assumed that our method would

permit successful  realizing the modeling of the main field by means of

suppression of all kinds of errors and  separating fields of different

sources.

For this purpose we divided the problem into two steps. The first one

consists in development of elementary models of common field in form of

SH expansion up to n=m=13 of all  vector data obtained in frame of one

day with sampling rate 1 second. Thus, about 260 thousand conditional

equations allowed obtaining  195 expansion coefficients. Taking into

account the uniform covering of the globe surface and daily interval of

averaging, such underdetermination in mean squire method  permits us to

suppress the quazi-stochastic errors and to exclude from the model all

kinds of variations which mean daily values are close to zero. This

statement was tested with numerous comparisons which included (a) models

developed with CHAMP and Oersted data, (b) models obtained with night

data of quite magnetic days and models obtained with all vector data for

the same days; (c)models obtained by application of latitudinal weight

and without  it.; (d) models obtained with CHAMP data including the

anisotropic errors and after corresponding correction. For all these

comparisons we derived the estimations of coefficient errors of

corresponding models. The results of the comparisons  show that the use

of vector data for the whole orbit and for days with low  magnetic

activity turns to the inaccuracy of the coefficients  that is lower than

the deviation between  models developed for different quite days  of one

month. That's why we simplify our work using the data from level 2.

The main advantage of this approach is the uniformity of the data using

for development of a series of daily models for time interval of several

years. It is necessary condition for second step to be done.

The second step  consisted in expansion of the obtained set of

elementary models  in a series of natural orthogonal components. If we

have a number of temporal series of data that can be described by a

rectangular matrix, in which each line   contains elements  , they can

be represented as  , where numerical functions   do not depend on time

and numerical functions   do not depend on the point position. Main

quality of obtained   and   is their full orthogonality on the data set.

We applied this method to time series of coefficients of daily SH models

used as data set  , where j corresponds to particular combination of

n,m,g and h and i corresponds to time (in days). Taking into account

that the condition of the orthogonality is satisfired we can say that

the NOC method  permits separating  elementary models into parts, each

of which has particular structure and varies independently in time.

In [Golovkov and Zvereva,1988] we demonstrated that the NOC-analysis

separates the series of daily means of the field components from

observatories in a set of quickly converging components. It was revealed

that the sum of the first three NOC's almost completely describe the

initial data and every NOC has clear geophysical sense: SV, Dst and

seasonal variation. Developing one of our candidate models IGRF SV2002.5

we  used the  NOC expansion of series of coefficients of daily SH

models.

The candidate model IGRF 2005.0, suggested now, is the result of

truncation of "parente" model being a sum of four models. First one   is

a result of averaging  of all daily  models from May 2001 till August

2004.  It epoch is 2003.0. The second one is the SV model (NOC1) being

the slightly disturbed straight line on the whole time interval. We used

the linear approximation     . The third one consists from    . The same

for fourth model with NOC3(t). Obtained NOCs of k>3 are too small to be

used for the parente model. Taking into account the external nature of

fields described with NOC2 and NOC3, corresponding models were ommited.

Assuming stability of SV a few months forward we used the averaged model

and SV one continued till 2005.0  to obtain a candidate IGRF for this

epoch.

The same assumption could be done for interval  from 2000.5 till 2010.0

although appearance of a new jerk is very probable. Unfortunately we can

not forecast such situation. So one of presented candidates for IGRF SV

2007.5 is the SV model from the parente one. This is pure satellite

based model (d1). The second one (d2) is, in contrary, the pure

observatory model. Time series of each component of SV from 167

observatories  were analysed. These series were extrapolated up to

2007.5. Liner or parabolic extrapolation was used depending on case 21

points in empty regions  were added to observatory data. SV in this

points were calculated with SV SH model (d1).

The examine of our models and comparison between them and ones developed

by other teams permitted  two conclusions to be done:

Firstly, in spite of different algebra, our approach  led us to very

similar result. As others we separated and excluded the models depended

parametrically  on Dst and seasonal variation.. Secondly, our satellite

data based models are numerically close to the average of all other

models.

The differences between the field descriptions with all models IGRF

2005.0 are concentrated mainly in north latitudes. The differences

between models SV 2007.5 conclude only in foci magnitudes whereas the

locations of foci are flat.  I am not sure that our SV model because the

focus of Z in Central Asia with magnitude >100 nT seem unreliable for

me. In comparing with averaged SV for 1980-2000 it appeared very quickly

from nought.
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Best regards,

Yours Vadim Golovkov and Tatiana Zvereva

