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1 SummaryThe 
andidates are derived from the existing GRIMM-2x 
ore �eld model, whi
h is parameterisedin time by using order 6 B-splines and 
o-estimated together with part of the lithospheri
 �eld, thelarge s
ale external �eld and its indu
ed 
ounterpart. The GRIMM-2x model is derived by �tting,using a L1 measure of the mis�t, a data set made of CHAMP satellite and hourly mean observatoryve
tor data sele
ted for magneti
ally quiet times. The DGRF 
andidate for 2005.0 is derived byaveraging the GRIMM-2x model around this epo
h. The IGRF 
andidate for 2010.0 is derived byextrapolating the GRIMM-2x parent model evaluated for year 2009.0, using the estimated se
ularvariation for the same epo
h. In order to 
ompute the SV 
andidate for 2012.5, the temporalevolution of ea
h SV 
oe�
ient has been linearly �tted between 2001.0 and 2009.5; the linear �tis extrapolated to the epo
h 2012.5. The un
ertainty interval given for ea
h 
oe�
ient is derivedfrom the mis�t of the individual 
oe�
ients to the linear trend between 2001.0 and 2009.5.2 Deriving the DGRF 
andidate for 2005.0A 
andidate for the De�nitive Geomagneti
 Referen
e Field (DGRF) model for epo
h 2005.0 isderived by averaging the GRIMM-2x model between 2004.5 and 2005.5. This is done in order toimprove the robustness of the Gauss 
oe�
ient estimates. The resulting model is trun
ated tospheri
al harmoni
 degree 13. Information on the time varying GRIMM-2x model is given below.Compared with a model dire
tly derived from GRIMM-2x at epo
h 2005.0, our DGRF 
andi-date does not di�er by more than 0.25 nT for any Gauss 
oe�
ients. This maximum di�eren
e isrea
hed for g1

1
.Standard deviation estimates for our 
andidate Gauss 
oe�
ients are not provided.
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3 Deriving the IGRF 
andidate for 2010.0A 
andidate model for the International Geomagneti
 Referen
e Field (IGRF) for epo
h 2010.0 isderived following three di�erent approa
hes. In the �rst approa
h, the IGRF 
andidate model isthe parent model GRIMM-2x for epo
h 2010.0. The Se
ond approa
h extrapolates the GRIMM-2xparent model estimated for 2009.0 using se
ular variation estimates 
al
ulated for the same epo
h.In the third approa
h, the Gauss 
oe�
ients are derived from GRIMM-2x for ea
h year in between2001.0 and 2009.0. A linear regression pro
ess give then estimates of the Gauss 
oe�
ient valuesfor 2010.0.We point out that the GRIMM-2x model present a relatively strong se
ular a

eleration for the
oe�
ient h1

1
around epo
h 2009.0, 
ompared to the 2001-2007 period. Furthermore, the se
ulara

eleration estimates are not robust after 2009.0. By 
arefully analysing the Gauss 
oe�
ientswe �nd out that the se
ond method is the most apropriate, and our IGRF 2010.0 
andidate isbased on this method.Compared with a model dire
tly derived from GRIMM-2x at epo
h 2010.0, our IGRF 
andidatedi�ers by around 1.5nT for the h1

1 Gauss 
oe�
ient. The di�eren
es stay below 1nT for any otherGauss 
oe�
ient.Standard deviation estimates for our 
andidate Gauss 
oe�
ients are not provided.4 Deriving the SV 
andidate for 2010 to 2015We provide a model of the averaged se
ular variation for the period 2010 to 2015. Below we givea detailed des
ription of its 
omputation.
• The temporal evolution of the individual GRIMM-2x SV 
oe�
ients are linearly interpolatedbetween 2001.0 and 2009.5 in a least square sense.
• Then, these linear interpolations were used to extrapolate the SV 
oe�
ients to the epo
h20012.5. The set of extrapolated SV 
oe�
ients represent our 
andidate model of the aver-aged SV for 2010 to 2015. In Fig. 1, �ts to some 
oe�
ients and their fore
asts are shown.We note that a linear SV is equivalent to a 
onstant se
ular a

eleration.
• In addition to the SV 
oe�
ients for 2012.5, un
ertainties are given. These estimates arethe rms of the di�eren
es between the SV 
oe�
ients given by GRIMM-2x and the linearinterpolation for the time interval [2001:2009.5℄.
• Apart from the linear �tting of the SV 
oe�
ients there were no other pro
edures of hind-
asting tested.5 Information on parent model GRIMM-2x5.1 Satellite, Observatory and Repeat Station Data setsRegarding the data used in the derivation or GRIMM-2x, we point out that:
• No repeat station data are used.
• Hourly mean observatory ve
tor data from 2001 to 2009.0 are used.
• The most re
ent version 51 Level-2 CHAMP data with improved time dependent FGM-ASCorientation 
orre
tions are used from 2001.0 to 2009.582
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time [year]Figure 1: Temporal evolution of the SV 
oe�
ients ġ0
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, ġ0

4
(blue line), the linear �t(red line) and the predi
tion of the SV 
oe�
ient at 2012.5 (bla
k symbol). Note that the y-s
alesdi�er for ea
h plot.
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5.2 Data sele
tion5.2.1 CHAMP DataMid- and Low-Latitudes : (i.e. inside ±55o magneti
 latitudes) Only the X and Y 
omponentsin SM 
oordinates are used. Data are sele
ted following the 
riteria set below:
• Positive IMF Bz only.
• 20s minimum separate two data points.
• Lo
al Time is between 23:00 and 05:00
• Sun is below the horizon at 100 km above the Earth's referen
e radius.
• The Ve
tor Magneti
 Disturban
e time-series (VMD), an estimate of the disturban
es dueto the large s
ale external �eld, is used and data are sele
ted if the VMD norm is not largerthan 20nT and the norm of its derivative is less than 100 nT/d.
• Quality = 0 for the general FGM quality �ag.
• Quality = 3 (dual head only) for the Star Camera mode �ag.
• Flag digit des
ribing attitude pro
essing te
hnique larger than 1.High Latitudes : (i.e. outside ±55o magneti
 latitudes) All three 
omponents in NEC 
oordi-nates are used. Data are sele
ted following the 
riteria set below:
• Positive IMF Bz only.
• 20s minimum separate two data points.
• No Lo
al Time sele
tion.
• No Sun position sele
tion.
• The Ve
tor Magneti
 Disturban
e time-series (VMD), an estimate of the disturban
es dueto the large s
ale external �eld, is used and data are sele
ted if the VMD norm is not largerthan 20nT and the norm of its derivative is less than 100nT/d.
• Quality = 0 for the general FGM quality �ag.
• Quality = 3, 2 or 1 for the Star Camera mode �ag (by order of preferen
e).
• Flag digit des
ribing attitude pro
essing te
hnique larger than 1.5.2.2 Observatory DataAt all latitudes, observatory hourly mean values are sele
ted following the same 
riteria as forsatellite data between low- and mid-latitudes. Three 
omponent ve
tor data in the NEC are usedat high latitudes while, between ±55◦ magneti
 latitudes only X and Y (SM) data are used.5.3 Data weightsThe initial data weights are fun
tions of magneti
 latitude, ve
tor 
omponent and the star 
ameramode (single head or dual head) as given in the table below. Furthermore, the data are weighteddepending on their density. 4



Sour
e Heads Component Limits Weight (nT)Sat dual X |MagLat| < 55o -3.7Y -3.9X |MagLat| > 55o -48.1Y -53.8Z -20.2single X |MagLat| > 55o -62.8Y -73.3Z -26.7Obs � X |MagLat| < 55o -3.3� Y -3.5� X |MagLat| > 55o -19.7� Y -11.3� Z -17.35.4 Inversion pro
essFitting the ve
tor data by adjusting the Gauss 
oe�
ients is a linear inverse problem. The Gauss
oe�
ients are estimated by an iterative reweighted least squares pro
edure using an L1 norm.The starting model of this iterative pro
ess is derived using a least-squares pro
ess, and an
L2 measure of the mis�t. This was followed by �ve iterations of the reweighted least squarespro
edure leading to a stable model solution.5.5 RegularisationThe S3 measure of the �eld time 
omplexity was minimized together with S2(t) for t1 =2000.0and t2 =2011.0. These quantities are de�ned by:

S3 =

∫ t2

t1

∫
CMB

|∂3

t Br(c, θ, φ, t)|2ds dt,
S2(t) =

∫
CMB

|∂2

t Br(c, θ, φ, t)|2ds.We point out that the spatial 
omplexity of the �eld was not minimized.5.6 Fit to the dataThe �t to the data is given in the table below.Sour
e Component Limits Mean of residuals STDin nT in nTSat X (SM) |MagLat| < 55o 0.04 2.69Y (SM) -0.43 3.15X |MagLat| > 55o -0.32 48.41Y 0.26 54.90Z -1.05 19.73Obs X (SM) |MagLat| < 55o 0.06 3.32Y (SM) 0.02 3.45X |MagLat| > 55o -1.25 19.11Y 0.04 11.13Z 0.19 16.965


