10th  GENERATION  IGRF
Herewith some preliminary comments on the models, first for the main-field models, and then for the SV models.   At this stage my comments are based only on the numerical comparisons of the output coefficients.

Frank Lowes

26 Oct 2005

1
MAIN  FIELD  MODELS

1.1
Mistake  in  the  original  A1  &  A2  models

My comparisons showed that as originally submitted the models were anomalous in some coefficients.   It turned out the ionospheric correction had been made twice.  The following comparisons use the revised coefficients.   Please ensure that you are using the revised coefficients.   (The revised A1, A2 start with -29556.5 and -29555.7.)

1.2
reducing  the  number  of  model  comparisons

To make comparison easier, I have used only one candidate model from each group:

A1/A2


These differ only in that A2 uses a subset of the data of A1 (restricting it to more recent times), and that A2 uses only linear time variation.   Because only a few years is involved anyway, I prefer to work with A1, as it contains more data.   And with the small amount of extrapolation involved, I don’t think that using a quadratic will lead to significant errors.

B1/B2/B3


I assume that B1 and B2 were submitted separately mainly to as an indication of (in)accuracy.   B3 incorporates all the data of B1+B2; I will use B3 in my comparisons.

1.3
Mean-square  differences  between  models,  and  between  models  and  means,


In the following, all differences are in terms of mean-square vector field averaged over the surface, i.e. as (113(n+1)[((gnm)2+((hnm)2], in units of nT2.   Figure 1 gives the values for the four models; MEAN4 is their simple arithmetic mean.   


It is clear from Figure 1 that D1 is the model consistently furthest away from the other three models, and is the model furthest from the mean.

To anticipate what comes later, Figure 2 gives the values if model D1 is rejected; MEAN3 is the simple arithmetic mean of the remaining 3 models.
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Figure 1
Mean square differences between the four models and their mean


unit nT2
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Figure 2
Mean square differences between the three models and their mean


unit nT2

1.4
MODEL  D1  IS  ANOMALOUS


If the figures (model-mean) of Figure 1 are taken as the variances of each model, if we assume that the errors of the models are independent from one model to another, and if we then take the simple (unweighted) arithmetic mean MEAN4 of the four models, then MEAN4 would itself have a variance of 41.


On the same basis, if we reject D1 and take the (unweighted) mean MEAN3 of the other three models, then MEAN3 would have a variance of only 26.


So, on the face of it, unless we use a weighted mean, and give little weight to D1, we do significantly better by omitting D1.


Of course none of the above assumptions is valid, but I do think that the above arithmetic gives a very strong indication that, for whatever reason, model D1 has larger errors than the other three.


Looking at the deviations from MEAN4, Table 1 gives the number of coefficients for which the deviation of that model is significantly larger than the others.

Table 1
Number of times a given model has the (significantly) largest deviation of a coefficient from the mean

A1-MEAN4
13

B3-MEAN4
10

C1-MEAN4
71

D1-MEAN4
71

While the individual C1 maximum differences are moderately large, they are distributed essentially at random.   However the D1 differences are quite a bit larger (see Table 2), and they are not distributed at random; they show a definite pattern, with the largest values consistently occurring for the zonal harmonics (with a strong suggestion that, particularly for larger n, near-zonal harmonics are also affected).


It does appear that D1 is significantly different from the other three models.   My present personal view is that it would probably be safest to give it zero weight (or ask the authors to withdraw it).

1.5
MODEL  C1  IS DIFFERENT  FROM  MODELS  A1,  B3


If we restrict the comparison to the three models A1, B3, C1, we get Figure 2 and Table 2.

Table 2
Number of times (coeff-MEAN3) is large and of the opposite sign to the other two differences


A1
20


B3
18


C1
73

From the ms differences of Figurer 2, and the numbers of Table 2, it seems that C1 is more different from A1, B3, than these two differ between themselves.   Of course this comparison cannot say which of (A1, B3) or C1 is the better.

1.6
MODEL  A1  COEFFICIENT  g30  IS  DIFFERENT  FROM  OTHER  MODELS

In tables of (coefficient-mean) differences, the entry for A1 g30 is the largest difference.   However this is to be expected, because it is the coefficient most affected by the authors’ attempt to correct for leakage from the (un-modelled) ionospheric field; without the correction the different models are comparable.

1.7
COMPARISON  OF  MODEL  SDs  AND  MODEL  DIFFERENCES

Table 3 gives the “power spectrum” (ms field over the surface per degree) corresponding to the stated model SDs, and the actual differences between the three models and their (unweighted) mean.

For A1 the authors increased the formal least-squares SDs to allow for the effects of typical along-track correlation of un-modelled field, and typical day-to-day variation of ionospheric leakage.   (The correction factor was based on previous analyses of independent data sets.)   (For A1, the large values for n=3 come from their, comparatively large, systematic correction for the g30 term, and its uncertainty.)


For B3 the authors based their SDs on the difference between that model and their B1 and B2 models, which used data sets from different satellites.


For C1 the SDs given are the formal least-squares values.

Table 3
ms “power” per degree for the stated model Standard Deviations, and the differences (Model-Mean3); unit nT2
n
A1 SD
B3 SD
C1 SD
A1-M3
B3-M3
C1-M3

1
1.8
3.2
0.1
7.0
1.6
8.8

2
0.8
2.0
0.1
5.5
1.0
9.1

3
6.9
3.0
0.2
11.0
2.0
9.1

4
0.7
1.3
0.3
4.2
1.2
7.4

5
0.9
1.9
0.4
2.8
3.5
2.8

6
0.7
1.4
0.5
2.4
1.1
4.6

7
0.9
1.4
0.3
2.4
1.1
4.8

8
0.7
1.0
0.3
1.6
1.5
3.2

9
0.3
1.3
0.4
1.6
1.9
3.0

10
0.4
0.6
0.4
1.3
1.3
4.0

11
0.5
0.8
0.2
1.7
1.6
4.8

12
0.6
1.2
0.2
1.9
0.8
4.3

13
0.6
0.7
0.3
3.3
0.7
2.6

TOTAL
15.9
19.6
3.5
46.8
19.3
68.6

Table 3 shows that (unless one model is about right and the other two are much worse), with present modelling techniques, formal SDs hopelessly under-estimate the real uncertainties.   The SD estimates based on the differences between models using independent data sets are much more realistic, but even they underestimate the actual ms difference (64 nT2 from Table 1) between the two models.

It is interesting that extending the models from n=10 to n=13 does not appear to have added a great deal to the overall model prediction uncertainties, despite the large number of extra terms this involves.

1.8 
THE  MODELS  A2,  B1,  B3

For completeness, Table 4 gives the other ms field differences for these models:

Table 4
Other mean-square field differences between models; unit nT2

A1-A2

42

A1-B1

  84

B1-C1

178


B1-B2

59

A1-B2

  74

B2-C1

145


B1-B3

21

A2-B3

  98


B2-B3

25

A2-C1

275

2
SECULAR  VARIATION

2.1
Mean-square  differences  between  sv  models,  and  between models  and  means,

As for the main field, I will restrict the initial comparison to four models: these are the three based on quadratic SV models, A3, B3, C1, and also D1.   (For the latter, the comparison is not quite fair, as although its background model had a more complicated time variation through the data period, the extrapolation to 2007.5 was linear.)   The results of this comparison are in Figure 3; the units are now (nT/yr)2, and the sums are taken to n=8.
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Figure 3
Mean square differences between the four SV models and their mean MEAN4;

unit (nT/yr)2
Looking at which SV coefficients differ most from the other 3 we have Table 4.

Table 4
Number of times a given SV model has the (significantly) largest and one-sided deviation of a coefficient from the mean


A3
6


B3
18


C1
6


D1
11

2.2
MODEL  SV-D1  IS  DIFFERENT  FROM  A3,  B3,  AND  C1

From the qualitative point of view of Table 4, no SV model is particularly bad; nor does there appear to be any significant variation with degree or order.   But the actual departures from the mean are considerably larger for D1 than for the others.  If we believe that the average SV for 2005-2010 is better given by extrapolating a quadratic (or the C1 equivalent) than by using a linear “extrapolation”, then again I think it would be safest to give model D1 zero weight.   But see the discussion in Section 2.6 below.
2.3
LIMITING  COMPARISON  TO  THE  THREE  QUADRATIC  MODELS

Limiting the comparison to the SV models A3, B3, C1, gives he results of Figure 4 and Table 5:

Table 5
Number of times a given SV model has the (significantly) largest and one-sided deviation of a coefficient from the mean


A3
11


B3
19


C1
  7

Looking only at Figure 4 and Table 5, one could probably justify giving somewhat larger weight to C1; and, just possibly, slightly less weight to B3.
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Figure 4
Mean square differences between three SV models and their mean;

unit (nT/yr)2
1.4
COMPARISON  OF  SV  MODEL  SDs  AND  MODEL  DIFFERENCES

Table 6
ms “power” per degree for the stated SV model Standard Deviations, and the differences (Model-Mean3); unit (nT/yr)2

n
A3 SD
B3 SD
C1 SD
A3-M3
B3-M3
C1-M3

1
0.7
36.5
0.02
11.0
6.3
3.6

2
0.5
55.6
0.03
15.5
15.5
5.4

3
0.6
60.2
0.04
13.7
11.2
4.7

4
0.5
17.8
0.05
2.3
7.7
7.8

5
0.6
21.0
0.06
2.7
7.0
7.2

6
0.6
20.4
0.07
5.5
2.6
5.4

7
0.6
27.0
0.09
5.3
8.7
5.1

8
0.7
9.1
0.10
2.1
2.7
3.0

TOTAL
4.7
247.6
0.46
58.0
61.7
42.2

The power 248 in B3-SD (based on the differences between B3 (Oersted+CHAMP+observatories) and the individual models B1 (CHAMP) and B2 (Oersted)) is a lot larger than the 148 (see Table 7 below) corresponding to the differences between B1 and B2, so the addition of only 8% of observatory data has moved the B3 model significantly away from the mean of satellite models B1 and B2.   And B3 SD seems to be about 4x too large (for variances) compared with the scatter of the three models.   In contrast, despite the substantial scaling of the A3 variances they are still too small, by a factor of about 10; the (formal least-squares) variances of C1 are 10x smaller still!   As with the main-field models, with present modelling techniques formal SDs very much under-estimate the real uncertainties.

For completeness Table 7 gives ms differences between the A and B sub-models:

Table 7
Mean-square field differences between sub-SV models; unit (nT/yr)2
A1-A2

  40  

A1-A3

  90
(This is simply 2½ years of secular acceleration)

A2-A3

233

B1-B2

148

B1-B3

360

B2-B3

137

2.6
COMPARISON  OF  THE  THREE  2005.0  MODELS

Although it was initially compared above with the 2007.5 SV models, D1 is essentially a model for 2005.0  (actually, more nearly 2003.0), as are A1 and A2.   If these three are compared we get Figure 5.   It is clear that these three models, which involve much less extrapolation, agree quite a bit better than do the three 1907.5 models (A3, B3, C1).
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Figure 5
Mean square differences between the three 2005 SV models and their mean;

unit (nT/yr)2
Table 8
Number of times a given 2005 SV model has the (significantly) largest and one-sided deviation of a coefficient from the mean

A1
12

A2
1

D1
8

There did not appear to be any significant patterns for the large deviations.   Unlike the main-field situation, the D1 SV model does not appear to be anomalous.

2.7
POLICY  DECISION  NEEDED


There is a clear difference between the 2005.0 and 2007.5 models.   We probably need to make a policy decision as to whether we think that extrapolating a (roughly) 2000-2000 quadratic to 2007.5 will give a better average value for the average 2005-2010 SV than will using the 2005.0 value.   Fig.1 of the Maus et al submission strongly suggests that (if the field behaviour does not change), then for a 5-year period, we are probably better off using a quadratic model.
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