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Summary 2. Modelling Method

= Wi assume the mantle is to a good approximation an insulator and use a potential representation of the field,

We prosent_an_updated version of the time-dependent, internal B- -V where VI =0 and Vs L, as e -
geomagnetic field model gufim! (Jackson et al. 2000). The new model
spans the interval from 1590 to 2005. It includes updated survey and = Considering only intemal :core] sources we expand the potential as a sum of sphencal hamonics,
observatory records from 1990 to 2005 as well as both scalar and a
vector data from the Orsted and CHAMP satellites and scalar data Vit) =a Z Z ( ) 5" (1) cos(ma) + by (1) sin(mao) } P{" (cos )
from the SAC-C satellite. The external field estimated from this =1 m=0
satellite data by Olsen et al. (2006) in their CHAOS model has been + Since we wish to model the ime-dependent field we expand the coefficients in a cubic B-spiine basis, for example,
subtracted to facilitate an te determination of the int I field. at(t) = 23,«;"" M(t) where M, (t) are the localised cubic B-splines
The vector satellite data is also treated using the anisotropic -
attitude error formalism of Holme and Bloxham (1996) . + We invert to find the model that minimise the reg | least squares onjecﬁve function,

1 SRR (e ¢ T -1 1 1
The new model (grnfm-2065) is constructed with the same spatial and O(m) = [d ~ f(m)]" C."[d — f(m)] + m" C,'m where Co = (As87 + M T

temporal damping and 3o data rejection criteria as gufm1. Despite and m’ S™'m is the Chmic heating norm  while m? T 'mis (07 B,)° integrated over time and space.

being derived from over 120,000 more observations, gufini-2065 has .

similiar spatial and temporal norms and global misfit as gufmi. It fits

bmh lhe salellna data and the observatory data well giving reasonable T L C'lA+ ('m ) Hd - f(m)) - C,'m il
ik and confi the pr ofa ber of - Damping paraneters are chosen here to be identical 1o gufm1 1o aid comparisons.

sharp changes in SV in Europe over the past decade.

« Since some of the data is nonlinearly relaled to the model paramelers the prelerred model is found iteratively,

In the iulute we plan to develop this model further by improving the

Ich ion of non-core fields, by applying maximum 3. Results - Comparison of model St
entropy regularisation techniques and by exploiting new data «Ti i jent misfit for new data =
g ) ime-def sets operty guim-2005 gufm1
oo S hddial : No. accepted data 485 613 365 694
Misfit 1.14
Av, Spatial Norm 3.6 |
i Av. Temporal Norm| 7.44

1. New Data Sources

rms SV at core surf. 1908nT/yr

NW"\/‘\; '\. : « Evolution of spatial norm

* Residual dlsmhutmns
Observalory Vector Sat.  Scalar Sat

(i) Cbservatory Annual Means 1930-2005. 8066 new data, total misfit=1.21

+ Error estimates from
generalised cross validation
, on time series of each
J' component (d XAt dYrdt,
dZ/dt) at each observatory.
eg. NGK(3.3,1.04.9)nTiyr
ALE (6.3.6.0,18.5) nTiyr

(iiy Marine and continental surveys 1980-2005 11846 data , misfit=0.69

* Includes repeat station data
ta + Tesseral culling (0.17) to limit
| effects of dense sampling
"« |sotropic errors of 100nT
assumed

(i} Vector satellite data (@rsted and CHAMP) 1999-2005; 72660 data, misfit=1.09

* CHAOS dataset (Olsen et al. 2006) used:

- non-polar latitudes only
+ Kp <20 (<7nT peak to peak)
S EXOR s Bl 08 4. Discussion: Suggestions for future improvements

+ Resampied, tesserae 10°in « Meed to exploit large numbers of densely sampled satellite data better e.g. by explicitly including correlated
longitude, cos6/18 in latitude errors due to-crustal field at satellite altitude via a statistical model. Or perhaps by developing a deterministic
+ Tesserae reset every 0.1yr for model of errors due to crustal field (if this is now feasible?).

good temporal sampling
. . « Application of more sophisticated treatments of dense survey data rather than simple tesseral culling.
- Anisotropic attitude errors accounted for using CHACS Euler angles and

error estimates of 0=2.6nT, =60 arcsec, Ww=10arcsec + Accounting for correlated errors (due 1o extemal fields) between different components at individual cbservatories

(iv) Scalar satellite data (Orsted, CHAMP and SAC-C) 1999-2005; 27615 data - Treating all Z0th century repeat station data as pseudo-observatory data to improve S\ constraints.
misfit=1.08
- Use of archasomagnetic intensity data to constrain axial dipole prior to 1840 and to augment sparse early data,
» CHAQOS dataset again used
+ All latitudes now considered
- Merging electric field < 0.8Vim =
¥ - Same sampiing strategy 5. Conclusions

- Estimated errors of 2.6nT » The historical field model gufini has been successfully extended to 2005 and now includes

recent satellite and observatory data which are utisiactorlly fit by tha new model.
* The global model reprod | sharp changes in ion observed in the past

10 years at European observatories indicating that these are robust features.
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