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Summary

Many global post-glacial rebound (PGR) velocity models currently exist. Nong of these 3-D models have been validatod on  global scals using space-geodeti
dita. This sould be done direcely vsing the vertieal velocitesif ans considers any possible reference fratme differencs betwsen the miodel and observations

el 7
T = aw,

placed in a similar frame, he horizontal PGR velocity v has (o be separated from rigid body rotation duscribing plate motion, where  scalar

“+ X, where aris a seale and X s the translation rate of the origin. Here we are particularly interested in the horizontal velovity field. Thus, onee

coctficient y vould be introducsd (o scals the PGR prodiction if needed: 2 stied — 51 1 75 7], where (2 s the angular velocity vector and F the positior
vector.

Ilere we use our own global GPS velocity solution. This study allows us to test the consistency and validity of several PGR models, and also to investigate if
ng a PGR signal from the observations

and how rigid body plate rotation estimales improve by sublra

We find thar there to be a significant difference between the ITRF2000 reference frame and those of the PGR models. The ditterence is retlected inw being 1-2
and the norm of’ X to be hetween 1.2-2.1 mmiyr. We also tind that there is a large variance between the different PGR models, particularly in the horizontal
velocity predictions, and this leads to varying resuits in whether and how the consideration of a PGR signal in estimating a rigid bady rotation can improve the
tit to the data. The considaration of all PGR models leads to an improved fit for Furasia when solving tor Q and 7. with y varying between 0.3-1.5 for the
different models. For North America the consideration of the REF.ALT and TXM models can lead to an improved fit ( 7 between 0.5-1.4). but the ¥M models
are inconsistent with the observations. We also observed for some models statistical improvements for South America and Australia. although for the latter a
negative y is requirad. suggasting that the PGR models may have the wrong sign. It still neads to be tested whether the obtained angular veloeities for various

plates and models are sianificantly different or not.

PGR Model Predictions

Predictions of the secular PGR signal in surface
displacement are taken from the Special Bureau for Loading
(SBL) of the IERS. The available predictions are:

Forall pved\cllons the solid Earth models are spherically

and i For given in the
CE (center of mass of the solid Earth) frame, the predictions
should satisfy a no-net-translation (NNT) condition for the
solid Earth. In order to test this condition, we computed the
global means (with areal weighing) for each component,
which should be zero in the case of NNT:
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For VM2, VM4, and JXM, a significant northward translation of the solid Earth is found, indicating that these
predictions are given in the CM (Center of Mass of the complete Earth system) frame. In order to make the
predictions comparable, we have removed the northward translation from these three models. The 3-D
velocity fields shown on the right are for the CE frame. Colors indicate the vertical component, while the a
arrows give the direction and size of the horizontal of the predicted pi t-day velocity field. The " EEEE]
scales for all models are identical.

PGR Model Inter-Comparison

For the inter-comparison of the models we have considered, among
others, cross correlation of the individual components of the
predicted velocities as well as the horizontal and total vectors, and
the spatial pattern of the scalar product of pairs of predictions. For
any pair of models, global spatial correlation coefficients for the
individual horizontal components are generally much lower than for
the up component, and for ALT they are negative for VM2 and VM4.
In the table on the left we give the correlation coefficients for the
horizontal and total (3-D) velocity vectors, respectively.

Horizontal displacement vectors:

VM2 VM4 REF ALT JXM
LO0O 0847 0279 -0252
0424 0412
LO00 0551 OBLL
0351 'N\J 0673
0&LL 0673 100D

st veetors:

For the pair (VM2,VM4) correlation is very high (above 0.9 for all
components and vectors), indicating a high consistency of these two
models. A rather high correlation is also found for the pair
(REF,JXM). Lowest correlation is found between ALT and all other
models. We note here that ALT is a model which combines a thin
lithosphere and a constant viscosity mantle with a recent ice history,
that was derived with a different solid Earth model (Lambeck et
al.1998)
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The spatial pattern of the scalar product reveals some spatial pattern in the correlation between model pairs. To the right,
the normalized scalar product is shown for pairs of VM4 and the other models. For the pair (VM4,VM2), the scalar product is
close to 1 everywhere except for some areas around the former Fennoscandian ice sheet. The only difference between
these two models is in the viscosity of the upper mantle, and this difference appears to affect the present-day signal in
Europe more than in North America. For the pair (VM4,JXM), for large areas the scalar product is close to 1, while areas
with large deviations between the two models are found in northern Eurasia, Greenland, part of Antarctica, Australia and the
Western coast of North America. The main difference between these two models is in the ice history. For the pair
(VM4,REF), an additional area of disagreement is found for most of the oceanic area between 60°S and the equator. REF
and ALT use basically the same ice history (ICE-3G) and have only slight differences in the mantle viscosity structure.
Finally, for (VM4,ALT), most of the ocean areas show a scalar product much less than 1 and for most parts negative, except
for the central northern Pacific.
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Normalized Scalar Product of 3-D displacements for VM4 and (he other models

GPS Velocity Model

Our GPS solution consists of a combination of weekly global and regional GPS solutions «
for 376 stations between 1999 and 2005. Weekly station coordinate estimates from the |
Scripps global IGS analysis center and 5 regional associate analysis centers (Australia, |
Europe, Japan, and North- and South America) are rigorously combined using a free- |
network approach [Davies and Blewitt, 2000]. A modified Helmert blocking approach is [
taken utilizing stochastic modeling to minimize frame bias. Weekly evolving variance |
component estimates, antenna height corrections and a three-dimensional data-
snooping outlier rejection method are also applied. Any stations appearing in a -f
minimum of 104 observations over a minimum of 2.5 year data-span are fitted to a
constant linear station motion model applying minimal constraints for network orientation
and onenlatlon rate. The resulting free network solution is aligned to ITRF2000 by |
al2 Helmert ion, this infers an origin from satellite ’

laser ranging; i.e., free from GPS orbit modeling.

Frame Adjustment

In order to use the geodetic velocities in a study of the PGR models, the observed
velocities need to be placed in a similar reference frame as the PGR predictions. We do
this for each PGR model by ascale and ion rate from a
least square fit of the 220 vertical velocities for sites on 15 tectonic plates. The results
are tabulated below.

Examples original
and translated up
GPS velocities
with REF model
(shown in red)
used in
translation. Note

Modl a (el S mmr' Cmnyt how original GPS

VA2 LR60 GO LEYS0042 013 0021 1224 0032

WU ISON LMS000  h1Rg0 fewgm data shows fast

RE) THS-0013 0904:0042 03150022 14000033 subsidence in far-
DUTRO0IT 090047 00410022 0960032 field and less

M 1410010 05000042 0273 0022 1313 0032

than expected
uplift in near-field.

All models suggest a translation of the GPS velocities of ~1.2-2.1 mm/yr towards western
Europe, and a scale change of a factor between 1 and 2

PGR and Rigid Plate Rotations

Angufar velovity ¢ Ma) Here we calculate rigid body rotation parameters (table left) and reduced
L, Q2 Eh chi-squared statistics (table below). We either do this using the original
ITRF2000 horizontal velocities, the translated velocities (for each PGR
%1 model used in the translation), and the translated velocities minus the
PGR prediction, where we consider a case with using the PGR estimates
directly and a case where we solve for a additional scaling parameter for
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o 3:? o ;:2 o the PGR predictions when solving for the best fitting angular velocity as
N a20x 0193 0% well. This modeling allows us to see which PGR model is consistent with

SOt TR we the data, and also to observe whether angular velocities will change

ams 00 ooz significantly if PGR signal is accounted for.

0017 0188 001

We apply an F-test to verify whether the improved fit for the case with a
scaled PGR signal subtracted is significant over a model without PGR.
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‘\ ,‘4’.%?‘ f:.'::fz We find the fit significant improved for several plates and for many models
-nogs 003 (table below). However, these improvements do suggest a significant
W s scaling of the PGR signal and it being different for different plates.
sz aaez 0wz Moreover, some scaling factors are near zero or negative (VM models for
Seald VA2 0419 0316 0333 NA and all for AU), indicating a possible deficiency in these PGR
Sald VA 0417 0315 034
Med AT 0417 0315 033 predictions there.

S b g TS0 s ot . PO of resiual velocities (right) indicate that resicuals within PGR

affected regions are smaller when PGR is taken into account, but
remaining residuals still show a PGR fingerprint (see EU) or remain hard
to interpret (see NA)
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due to PGR are found to be larger than the uncertainties in the observed velocity field, particularly for the
formerly ice-covered regions in North America and Eurasia. Consequently, space-geodetic observations
provide valuable constraints for these models. As a main result of our validation study we find the
predictions based on the ICE-5G history inconsistent with the observed velocity field in North America.

Accounting for the PRG signal in the determination of the rigid body rotation improves the estimates for
the two plates with the largest deloading of former ice loads, i.e., North America and Eurasia, while for
plates in the far-field of the former ice loads, the improvement is either small or negligible. In these
regions, the PGR signal may be below the error of the observed velocity field or erroneous for several
reasons (including the effect of lateral heterogeneities in the solid Earth).

PGR predictions available.
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