Short Period Ocean-Tidal variations
in Earth rotation
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Motivation:
current IERS conventional model is outdated

Empirical ERP model (Artz et al., 2011)
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Residual UT1 amplitudes
wrt IERS2010 conventional
model, estimated from
VLBI solutions (Artz et al.,
2011, J Geod 85) (other
empirical models were
published by e.g. Sigrid
Bohm et al. 2012)

Significant residuals for
diurnal and semidiurnal
ocean tidal band

= Precise model for the

impact of short period
ocean tides on Earth

4 0.6 1.2 1.4 rotation is needed
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The IERS2010 conventional model (Eanes/Ray)

n

GOT99.2

ULTS OF AN

Rickard . Gross
Je Propulsion Laboratory. California lnssit
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‘THE EFFECT OF OCEAN TIDES ON THE EARTHS RO
RES! OCEAN TIDE

NASA/GSFC
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« 71 constituents of the tidal potential

in the diurnal and semidiurnal band

« Estimation of heights for eight major

altimeter observations
(T/P from 1992 ?)

« Determination of tidal currents for

the major tides (according to
Ray,2001, J Marine Sys 28 ?)

« Calculation of impact on Earth

rotation by Euler-Liouville equation
(Gross, 1993, Brzezinski, 1994)?
which Earth model?

« Determination of total effect in the

time domain by ortho-tide /ortho-
weights approach (e.g. Groves &
Reynolds, 1975, JGR 80; Ray et al.,
1994, Science 264)

=>IERS2010 subroutine ORTHO_EOP.F
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Concept of the SPOT project (started 2013)

Empirical ocean
tide model

e Estimation of
the major and
additional minor
tides from all
altimetry
observations till
2010 (e.g.
EOT11a)

e Comparison with
results from
hydrodynamical
models (e.g.

Tidal current
velocities

e Determination of
tidal current
velocities to
compute mass and
motion terms of
OTAM

e Comparison of tidal
current velocities
from our approach
versus FES2012 or
HAMTIDE

Variation in
Earth rotation

¢ Solving the Euler-
Liouville equations
for elastic mantle
and liquid core

e Comparison of
newly calculated
Love numbers with
published ones

HAMTIDE,
FES2012)
L N < 4
Validation by VLBI analysis New SPOT model
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Improvements

in the proposed model

compared to IERS2010 conventional model

GEOPHYSICAL RESEARCH LETTERS, VOL. 22, NO. 24, PAGES 3553.3556, DECEMBER 15, 1995

The HW95 tidal potential catalogue

Torsten Hartmann

Theosetische Astrophysik der Universitit Tibinges, Germany

Hans-Georg Wenzel

Geoditisches Institut der Usiversitit Karlarube,

Abstract. The catalogue named HWS5
monic development of the Earth tide generati

100.000

10.000

manuscripta geadsetica (1994) 19:157 171

of

ESEVIER

Journal of Marine Systems 28 (2001) 1-18

JOURNAL OF

MARINE
SYSTEMS

‘www.elsevier.nl/locate /jma

Inversion of oceanic tidal currents from measured elevations
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tion of the polat motion equation by inclucing the ffect
of the Frec Core Nutation resomance. P

ical solutions of this equation are presented. It is ‘llso
showa how ihe excliaiion probiem can be investigated
by the Kalman filtering method combined with sutore-
gressive modeling of the excitation process. All results
pressatesd here can equivalently be expressed either in
terms of nutation or in terms of diurnal polar miotion.

1. Introduction
The orientation of the caslh: in space s delermined by
iodern space techniques, Very Loug Boscline Interfer-
nmetry (VLBD), Suteite Losr Ranging (SLR), Lunar
Laser Ranging (LLR) and recently also by Global Posi-
tioning System (GPS), with continually improving ac-
cutacy reaching already = level of 1 em. AL the saine
time we observe elso a significant improvement of qual-
ity of the complementary geophysical, atmospheric, and
oceanographic data. In the case of atmosphere which
appears (o be very important source of-perturbations
in carth orientation, the excitation data has been pro-
duced on regular basis for over & decade in the form
of the so-called Effoctive Angular Momentum (EAM)
Luncu_m defined by Bomnea ef ol (1983). A sam-

Otientation Prramaters (EOP) is at prescul between
1 and 5 days and in the case of the EAM functions

In the frame of this subjoct various

periinents have bovis carticd”oul; toordinated byt
Tnteruational arth Beratian Servios. ((FRS) and the.
oint Intemational Union of Geodesy and Geophys

peign hold-in -
conjunction with the 1GS'92 (International GPS Ser-
viee)campaign

u.m.m. am " the auxillary atmospheric data sho-
uld be followed by similar improvements of the under-
Iying theories, The old theories containing various sim-
slifications and long-term approximations ate usually
not adequate for the present, observations. In the case
of polar motion tha classic equation of Munk and Mac-
Donakl (1960) wes dertved under he samumption hat
the earth is purely This equation was refor-
eulaied by Barnce et o (1983) on the bt of e
model comprising clastic mantle which is compeely
decoupled from the liquid core, and by exprossi
excitation process by the EAM function b i
(19926) modified this equation by referring it to the
terrestrial coordinates of the Celestial Ephemeris Pole
(GEP) instead of the instantaneous rotation pole which
is nol observed by space geodelic techniques. A sri-
ous deficiency o this equation, preventing its use in the
analysis ofthe high frequency variations, a.. the oversim-
e interactions. From
Sbucrvaions of the umplide of the Torced Tuieolar
Rutation it has been proved that the coupling between
the mantle and the liquid core is very important in the
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xcities from measured tidal elevations is cor
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by solving the two-dimensional momentum equations and the continuity
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sampled by relatively widely spaced satellite ground-
tracks, and some deep-water regions are susceptible
to large (> 5 cm) internal-tide surface modulations
that complicate tidal prediction (Ray and Mitchum,
1997). But in general, the deep-ocean tide problem
has been solved by satellite altimetry to roughly the
2-3 cm accuracy level.

In contrast to tidal clevations, deep-ocean tidal
currents are not well known. In situ measurements
are comparatively few and many of these are cor-
rupted by measurement difficulties (e.g., swaying
moorings), inadequate vertical sampling (to isolate
the barotropic component), and low signal-to-noise
ratio. Yet requirements for accurate knowledge of
deep-ocean tidal currents are almost as prevalent as
those for tidal elevations. A few examples suffice:
understanding the interaction of the general ocean
circulation with tidal flows; determining the flow
field responsible for generating internal tides and

Extension of the diurnal and
semidiurnal tidal band from 71 to
120 constituents (Hartmann &
Wenzel, 1995, GRL 22)

Estimation of minor tides (e.g.My,];,
0O0,,H,,L, etc.) in addition to the
major tides from altimeter
observations (extended EOT11a,
Savcenko & Bosch, 2012)

Implementation of tidal-current
velocity calculation exactly according
to Ray(2001, J Marine Sys 28)

Re-examination of Euler-Liouville
equations for elastic Earth mantle
and liquid core and re-calculation of
the associated Love numbers for
PREM (e.g. Gross, 1993; Brzezinski,
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Examples of recent work (1)
Estimation of minor tides

YellowSea_M1.112-04_topex.amp
. -

YellowSea_J1.112-04_topex.amp
120 " 125

YellowSea_T2.112-04_topex.amp
! 125

« Estimation of minor tides:
Residuals wrt FES2012
and admittance approach

« First row: My, 34, T

« Second row: MI,, NIL,, L,

=======

Residuals (in cm) of minor tides in the Yellow Sea wrt FES2012 results
based on the admittance approach. Background color map related to
FES2012 and dots along-track empirical estimations (TOPEX)
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Examples of recent work (2)
Determination of tidal current velocities

HAMTIDE1la

-180° -120° -60°

. S « Eastwards volume transport
for 0;tide (m?s1)

« Upper figure based on tidal
current velocities from
HAMTIDE (Taguchi et al., 2014,
to be submitted to JGR)

« Lower figure estimated

T T T T T T
-180° -120° -60° 0° 120° 180°

: > velocities based on Ray (2001)
| E5t‘7|man ed (SWE) approach for tidal heights from

g B HAMTIDE

« Rather good agreement

T T
-180° -120° -60°
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Examples of recent work (3)
Re-examination of Euler-Liouville equations (PREM)

Euler-Liouville equations for polar motion in the frequency domain
(0 —eQ(o+ )Tk" ) Am + (0 + Q) (Ac — ATEY) me = —@ h+ (o + Q) (1 + k)T Ap"
o(Ac — ATEY ) m + Ac (1 + B)o + (1 + €)Q) me = o AT (h* — k%) ¢"

Linearized solution for frequency dependent polar motion

PorsbpaAam

A Q A A Q A A Q h
plo) = — —T(1+kL) — T(hd—kd) — | 4+ -+ “(e—B)
Am Ow — O Am Ongiw — O Am Ow — O Am Am Ongtw — O AQ
Polar motion for certain tides
‘ Wang 1 Guter‘lberfg .le(6)61A PREM A A, C,C. Principle moments of inertia (Earth/Core)
olar motion for tide as
» 268% ;63 5 e 565 7(M )2().() 3 An=A— A Principle moment of inertia (Mantle)
—538.7 —528.4 —532.2 5404 C—-A . .
Py polar motion for tide K1 (zas) e = 1 Dynamical ellipticity (Earth)
D 353.0 346.4 349.9 353.5 C.— A ) Co
p, | —696.0  —682.8 —688.5 6075 €= ——F— Dynamical ellipticity (Core)
polar motion for tide M2 (uas) an;
Dx 313.0 307.2 310.7 313.3 T =
py | —4243 4164 —4217 4244 S, sad
polar motion for tide S2 (xas) k=" he Load, tidal and dynamic L.ove numbers
_ _ _ —236. .

Py 2358 2314 234.2 060 h Relative angular momentum

r = 90\ o
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Validation
Comparison of empirical model from Artz et al. (2011)
vs. IERS and FES2012 models

Spectrum differences, x-pole, IGG minus

Helmholtz Centre
PorsbpaAam

« Differences of the spectra
0 of residuals of hourly
= CONT11 analysis for the
E different models
a
E 0. IERS2010 . :
< 0 e FESr010 (0.0625°) - Differences for x- and y-
-30 . . pole show large
Spectrum differences, AUT1, IGG minus amplitudes for diurnal

2 | | | and semidiurnal
7 20 frequencies
2 03 « Same with AUT1
E B |

| —e |ERS2010

< -20-< e FES2012 (0.0625%)|| * IERSZQlO.qnd FES2012

4 | | . show significant

24 . 12 6 differences with respect
eriod (hours)
to Artz et al. (2011)
model
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Validation: SPOT model

- SPOT model still ‘'under construction’
- will be released in mid 2015

- validation still to be done

@
|
N
2

4 P N /

RV SROE 7 HELMHOLTZ
eeeeeeeeeeeeeee WEN] —_
PoTspbpA M

|ASSOCIATION



Outlook of project SPOT

» Continuation of recent work:
- Estimation of minor tides from altimeter observations
- Ortho-tide/ortho-weights approach for the enlarged set
- Recalculation of tidal, load and dynamic Love numbers

» Validation within the individual tasks:
« Minor tides estimated from altimetry vs. admittance results

- Tidal-current velocities from Ray (2001) approach vs.
HAMTIDE and FES2012 velocities

« Re-computed vs. published Love numbers

» Set up of new model for short period ocean tidal variations in

Earth rotation and validation by application to VLBI and GNSS
analyses

2013 2014 2015

Estimation of.minor
Implementation of Ray tides from altimetry Validation of individual

(2001) approach for Extension of tidal components
determination of tidal constituents Validation of the SPOT

current velocities Implementation of model and first release
PREM Earth model
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Thank you for your attention!

schuh@gfz-potsdam.de
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