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 Polar motion is the nutation of the Earth

about its axis of rotation. .

» The polar motion time series consists of o
tWO predomlnate mOdeS, the Chandler Fig. 1 Polar motion plotted with time.
wobble (14-month period) and the st
annual wobble (12-month period)

* Long term interdecadal variabllity is e
driven by mass redistribution in and on A
the surface of the Earth ;s; — oy

* Long term linear trend is from GIA Z{‘”s i

Fig. 2 Filtered polar motion where annual and
Chandler wobble periods are removed (Fig. 5
Beutler et al. 2020)
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« Movement of the axis of rotation
changes the centrifugal potential in
an Earth fixed reference frame.

* The change of the moment of inertia
causes a degree-2 order-1 signal

* The Earth is in hydrostatic
equilibrium and thus a change in
potential deforms the Earth, causing
the pole tide.
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Fig. 3 Conceptual diagram of the deformation
caused by polar motion.




* Body Love numbers relate a change in potential to vertical,
horizontal, and the potential change from deformation.

» They are numerically calculated using the mechanical and
structural properties of the Earth model using models.

 For a fully elastic Earth the deformation is constant across
frequencies, but for long time scales the inelasticity is
accounted for with frequency dependent Love numbers

* Frequency-dependent Love numbers have a real and
imaginary component:

ko = kb + ik}
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To find the deformation for long period
changes (such as GIA) a convolution with
the frequency dependent love number and
the deformation must be performed (Wahr
et al. 2015).
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K, is evaluated at 14-month Chandler Wobble not valid for GIA

Wabhr et al. 2015 pole tide correction:

GIA ‘l_ 0.0115 [yp y}g}IA}>
GIA —0.0115 [z, — x§1A ]

—2.1778 x 10710 ([z, — IA —0.01724 [y, — yS’IAD>

—1.7232 x 10—10 0.03365 [z, — 2§14 ])

GIA modelsinclude a
pole tide so no need to
calculate it separately

—1.333 x 10~ (
G

In order for the K, Love number to be
valid the GIA trend must be subtracted
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« Wahr et al. 2015 introduced a pole tide correction that splits
short period (Chandler and annual) variation, interdecadal
variation, and GIA driven polar motion.

* By using GIA models, which contain a pole tide correction, and
are already usually subtracted from GRACE/-FO data the GIA-
driven pole tide is properly corrected for.

* In this correction the GIA model is assumed to perfectly model
polar motion due to GIA and the trend subtracted from the polar
motion time series accurately represents the polar motion due

to GIA.
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* |f the pole tide is not properly removed then there will be a residual
degree 2 order 1 signal.

 This could come from improper modeling of GIA driven polar motion in GIA
models or an incorrect trend chosen from observation data for the trend

* |deally we would select a GIA model and polar motion trend that perfectly agree

Wahr et al. 2015 estimate the ratio
of pole tide to degree 2 order 1
mass variations about 50%

The pole tide has a maximum impact at
+/- 45 degrees latitude.
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* Changes in the IERS CO01 polar motion time series around 2018 make
trend derived from prior data inconsistent with current IERS polar
motion data

« Change in the underlying astrometric solution used for data pre-1972

* Trend should be determined using data from before ~2000 where
polar motion diverges due to mass loss in the arctic.

* With the previous IERS time series, inclusion of post 2000 data did not impact
the trend (Ries 2017), with current IERS data this is not the case
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* Data shown here is with a Gaussian filter T - -
with a width of 3.40 years (consistent e e e gy

yp Current Data

. = ==y, Trend Current Data (1900-2000) P g
with IERS mean pole) 300 || —— . Oid Dea _ - |
. X, Trend Old Data (1900-2000) P
 Trend is calculated from 1900-2000 Y, Old Data P
. . yp Trend Old Data (1900-2000) (P
which does not capture the impact of |
present-day ice mass loss 20017

 Changein pre-1972 CO1 data causes
significant change in calculated long-
term trends
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Using the trend computed from the previous
IERS EOP time series and the ICE6GD which is
commonly removed from GRACE data there
will be a residual degree 2 order 1 signal that
is from an improper pole tide correction.
Current IERS data agrees better with GIA
models and should remove the pole tide
more effectively.

More work needs to be done to understand
the reliability of polar motion time series and
polar motion predicted by GIA models

yp Trend (mas/yr)

Wahr et al. 2015
xg'IA =0.62 mas

yS’IA = 3.48 mas

4 T T T T I T T

3.5 A

ool 4 \ Old CO1 IERS EOP

GIA _
Bellas-Manley et xr();IA =1.67 mas
al. GIA Rates Yp o =3.46 mas

2+ xS'IA = 0.66 mas

yglA = 3.04 mas
Current CO1 IERS EOP

ngA = 0.55 mas

yglA = 2.61 mas

1R

ICE6GD Polar Motion /

ngA =0.23 mas
yg'IA = 0.96 mas
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* New GIA linear trend derived from current IERS CO01 is
significantly different from the previous trend

* To be consistent with current IERS data, pole tide correction should be
updated in GRACE/-FO processing

« Current IERS EOP derived trend agrees better with GIA models
* Will better remove GIA pole tide

* More work needs to be done investigating IERS data and polar
motion reported by GIA models
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If you have any questions please email:

evan.wilson@colorado.edu
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