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Motivation for Analysis

w Modelcurrently recommended biERSor effects of ocean tides on ERRyy et al. (1994Scienceand Chao et al.
(1996,JGR is >20 yearsold. Known deficiencies; in particulanodelfor libration effects is not used due to
inconsistency with tide modelg¢Desai and Sibois, 201J1GR

w Modern alternatives demonstrate improvements using decade(s) of space geausdgurements.

Tidal Models
IERS Based on TPX 0.4 Current <:I reference in thls Study
Conventions
Desai and Sibois | Based on TPX 0.8. Better on GNSS
models tested her Lyard FES2014 Newer tide model derf’?“to”/ 'mp'ekr?e”g‘_gor.‘/ }ES“ .
Empirical Models ng = tuture work 1or sibols/besal
Gipson Derived from VLBI data Fit using VLBI, better on
GNSS
Artz et al Derived from VLBI and Untested on other techniques
GNSS

table created by J. Gipson for IERS WG ofEBIP presentation at AGU 2018

w Keydifference between Gipson and Desgiboismodelslies in their derivation:

Gipsor= purelyempirical model based solely on VbBservations

benefits fromlong record (30 years) of VLBI observations

sensitiveto VLBIspecific systematierrors

need for careful bookkeeping of effects modeled independently vs. absorbed in fitting (e.g. atmospheric tides?)
DesaiSibois= geophysicabceanbasedmodel
not tied to any specific observatiadechnique

benefits fromsignificant evolution of ocean tide models over the past 20 years (e.g. improved hydrodynamics mod
longerduration altimetry data for assimilation)

~

C sensitive to deficiencies in theariousgeophysical models involved. AES2
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Consistency witHibration model
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w TPXO8 (Des&ibois)libration model reduces residual tidal signals in most cases.

w IERS2010ibration model tends to increase residual tidal signals, especially for
largest O1 and K1 components.

w Gipson model used in testing accounts for libration megealonsistency by design

C Better consistencgf modern models with conventiondration model
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Models tested for ocean tides effects on HE

w Effectsand models of interest in this investigation:
¢ diurnal and semdiurnal variations on ERPs from ocean tides:
wl YL AlGdzRS & 2 &forfp@lar mdtiazyaReNSiR ULl
¢ libration effects:

WLINREINF RS RAdNYIFf O2YLRYSyd 2F L}Rf bsNJ Y2
w semidiurnal component of UT1; amplitudes of up to 2

w 3 models discussed in this analysis:

¢ model currently recommended RS Conventions 20101 tidal lines)

Note that when discussing IERS model, only models for ocean tide effectsdasHOP are used
model for libration effects IS NOT USED due to inconsistency with tide models

¢ Gipson model with libration effect@s modeled by Mathews and Bretagnon
(2003,Astron.Astrophys) accounted for (71 tidal lines):
https://ivscc.gsfc.nasa.gov/hfeop_wa/modePd17a_astro_lib_xyu.txt

¢ DesaiSibois model in conjunction wittMathews and Bretagnon (2008)odel for
libration effects (159 tidal lines)
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https://ivscc.gsfc.nasa.gov/hfeop_wg/models/2017a_astro_lib_xyu.txt

Related geophysical/astronomical models used Iin
processing |

Precession/Nutatio | Ocean tides Libration Atmospheric tides
n

ERS (baseline)  PO3/IAU2000/2006  Model of not used not included
reference not modeled

not included/modeled

P03/IAU2000/2006 L .
. implicitly used explicitly
was nutation : : : :
) ) since included as either independently
: adjusted in VLBI -
Gipson rocessing that led to model under test a priori to model modeled when ocean
P g for ocean tides tide model was derived
HFEOP model .
. effects or absorbed into ocean
derivation? )
tide model?
oy not included
Desai-Siboi model under test used
esai-Sibois P03/1IAU2000/2006 odel u not modeled
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Analysis of higkfrequency polar motion

w 4vyears (2012013)of GPSonlB-YAY RIFGF NBLINROSE &SR dza
OASIS software package

Polar motion coordinates estimated every 15 minyteates not estimated
UTXUTC/LOD not estimated

3-day arcs 25% of 60 stations fixed for each arc

Centralday estimates used in analysis

Set up is identical between the 3 solutions analyzed with the exception of the sub
daily ERP model used

In particular:

w Same data/network used by the three solutions

w Same daily nominal EO file used by the three solutidh’$ Bulletin)A
w All cases apply:

¢ daily values of ERPs using IERS Bulletin A (to model variations with period > 2
days)

¢ Conventional nutation model from Mathews et al. (2002) which includes effects
of ocean tides, consistently with conventional ocean tide model.

€ € € € €
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Residual polar motion in semdiurnal frequency band

Prograde Semi-Diurnal

Differences of Periodograms

amplitude [muas]
(=]

Desai/Sibois-IERS
Gipson-lERS
Desai/Sibois-Gipson

Overall, more residual signal
observed for Gipson model;
least amount of residual signal
noticed for Desabibois model.

12.8

-2 K
2 S2
-4 1 M2
11.8 1i.o 12|.2 12|.4 li.ﬁ
period [hours]
K2 S2 M2 N2 RSS
IERS 1.1 3.9 51 1.4 | 6.66
Gipson 2.5 2.4 4.8 1.0 | 6.00
DesaiSibois| 1.8 1.7 0.8 | 0.7 | 2.69

residual amplitudes at major semi
diurnal tides in prograde direction.
Units are microarcseconds. Results
were obtained through unconstrained

leastsquares adjustment. s



Residual polar motion in semdiurnal frequency band

Retrograde Semi-Diurnal

Differences of Periodograms

amplitude [muas]
(<]

—— Desai/Sibois-IERS
—— Gipson-IERS
—— Desai/Sibois-Gipson

Al
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Overall, more residual signal
observed for Gipson model;
least amount of residual signal
noticed for Desabibois model.
Notable exception at 12h (S2).

-2 N2
S2 M2
K

-4 2

11.8 12I.0 12I.2 12I.4 12I.6 12.8

period [hours]
K2 S2 | M2 N2 | RSS]| residual amplitudes at major semi

IERS 27 76 | 80 | 35 |11.89 diu.rnal tideg in retrograde direction.

- Units are microarcseconds. Results
Gipson 43 | 95 | 5.7 | 5.8 |10.72) yere gbtained through unconstrained
DesaiSibois| 2.9 [ 7.9 [ 52 | 3.0 | 10.34| leastsquares adjustment.




Residual polar motion in diurnal frequency band

Differences of Periodograms

Prograde Diurnal

Overall, more residual signal
observed for Desdbibois

model; least amount of residual
signal noticed with Gipson
model.

Peak at S1 (24.0) possibly due to
atmospheric tide accounted for
in Gipson model?

residual amplitudes at major diurnal tides in
prograde direction.

Units are microarcseconds. Results were
obtained through unconstrained least
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Q1
" 50 —— Desai/Sibois-IERS
-7.5 - —— Gipson-IERS
—— Desai/Sibois-Gipson
-10.0 ‘ . . . . . .
23.0 23.5 24.0 24.5 25.0 25.5 26.0 26.5 27.0
period [hours]
Kl | PL | O1| Q1 | RSS
IERS 20.8| 4.1 3.7 52 |22.14
Gipson 125 7.1 | 2.6 | 2.7 |14.86
DesaiSibois | 16.1 | 7.7 7.5 2.3 119.49

squares adjustment.
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Impact on GPS network solutions
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3 years (20142016)of GPS only5min data processed using GipsyX software
{2t dziA2ya dzaS Wt [ Qa &audNFGS3Ieé F2N 02
30-hour arcs 80 stations, nenet-rotation constraint applied

Setup is strictly identical among the 3 types of solutions with the exception of th
sub-daily ERP model.

Samedata/network used by thé¢hree solutions
Same daily nominal EO file used by theee solutions (ERS Bulletin)A
Reference frame iK5S14

All cases apply:
¢ daily values of ERPs using IERS Bulletin A (to model variations with period > 2 days)
¢ Conventional nutation model from Mathews et £002) which includesffects of ocean tides,
consistently with conventional ocean tigeodel.
Statistical and spectral analyses of:

¢ Polar motion and right ascension of the ascending node (RAAN) discontinuities at midnigr
each arc

¢ ERP estimates
w Xp Yp Xprate, Yprate, UTIUTC, UTUTC rate estimated daily

orbit and clock overlaps (internal consistency of solutions)
orbit and clock differences (direct intsolution comparison)
ambiguity resolution performance

PPP
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Polar motion discontinuities (Xp)

amplitude [mas]
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PM discontinuities are computed at midnight:
A all ERP bias and rate solutions are referred to 12h on central day of the arc
A use estimated biases and rates to propagate the solution for day d forward to 24h and
backward to Oh for the solution corresponding to dayLd+
Periodograms show reduction of the -ty signal when modern models are used.
Reduction is largest for Gipson model. AES11



Polar motion discontinuities (Yp)

amplitude [mas]

Periodogram of midnight discontinuities in Yp Differences in Periodograms of Yp Discontinuities
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Periodograms show reduction of the -tiy signal when using modern models.
Reduction is largest foDesatSiboismodel.
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Right Ascension of Ascending Node (RAAN) N'A'A

discontinuities (midnight overlaps) |

w RAAN discontinuities typically associated with deficiencies wuaiyp UT1 models

¢ T. Springer showed full mitigation of Ieriod-signal when switching from IERS model to Gipson model and reduction of tla&wshgn
switching from IERS model to DeSidtbois model. Here signal is seen at 13.2d; significantly reduced using Gipson but 14l%gpp&ars?
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