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e Use products of Ocean General Circulation Models
(OGCMSs) to evaluate effects of ocean current and
bottom pressure changes on length-of-day and
polar motion during 1992-1994

.Princeton Modular Ocean Model (MOM)
. Miami Isopycnal-Coordinate Ocean Model (MICOM)

e Compare model-predicted effects with
observations of length-of-day and polar motion
excitation

* After removing atmospheric effects



VARIATIONS IN EARTH'S ROTATION
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o« DYNAMICS BY EULER 1752

« CHANDLER'S DISCOVERY OF POLAR MOTION, 1891,

. ASTROMETRIC C) BSERVATION BY ILS {International Latitude Service) SINCE 1900
o ADVENT OF ATOMIC CLOCK IN 1950's

O NEW OBSERVATION TECHNIQUES  gaTELLITE DOPPLER, SATELLITE LASER FLANGING, VERY-LONG-8ASELINE
INTERFEROMET RY SINCE 1970's.
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SCIENTIFIC SIGNIFICANCE :
o TO IMPROVE UNDERSTANDING OF EARTH's GLOBAL DYANAMICS
o INFERENCE FOR EARTH'sINTERIOR STRUCTURES



LONG PERIOD LIOUVILLE EQUATION

© Genservation of angular momenium expressed
wiinin rotaiing, body-fixed reference framse
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o Assume rotation is small perturbation from stale of
uniform rotaiion at rate Q. Keeping terms to first
order resulig in long period Liouville equation
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SPACE96 EARTH ORIENTATION SERIES
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o Individua! series adjusted prior io their combination
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oYoolerez‘a/ [1981] model used to remove effect of all long perlod solid Earth tides

* Dickman [1993] model used to remove ocean tidal corrections to the Yoder et a/. [1 981 ]
model values at the M{f, Mf', Mm, and Ssa tidal frequencies

° Herring [1993] empirical model used to remove effect of semidiurnal and diurnal ocean
tides on NOAA's IRIS "“Intensive" UT1 values
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SPACES6 EXCITATION FUNCTIONS
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* SPACE96 is a Kalman filter-based combination of Space-geodetic Earth
rotation measurements

* Solid Earth and ocean tidal effects have been removed from lod values
* Daily values at noon spanning 1976.8-1997.1
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¢ Hemove effects of atmospheric wind and pressire

dscine NCEP/HGAR resialysis Ghnnsphesie angular momeontng

6-hour values spanning 1979—-present

- Pressure term used is that computed assuming oceans respond as
inverted barometer to imposed atmospheric pressure changes
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B O USSINESQ MODELS

‘The boussingsy approximation is commonly used

in ocean general circulation models (OGCMs)
Density vanaliong in oceans ore smali
¢ Usually less than * 2.5% of average density

U ey Boussimeso o ,»;mm mebion, density vanations are ignored
crcepbin tha gros Hationa! bus oyancy foree

* Density is not constant but changes as temperature, pressure, and
salinity changes

Boussinest motiels conserve volume, not mass

Uuu'*, Boussinoso approximation consaivalion of mass
uslinn Vo (pu) = 0 reduces o Vou = Ox -onservation of vohuay

In Boussinesq ocean mofdiels, imposed heat flux can
lead to modiel mass changes
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* Boussinesg models do not properly represent steric sea level, but can
be corrected to do so (Greatbatch, 1994; Mellor & Ezer, 1895)

Must account for mass non-gconservation
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whers: superscript ¢ {U) denotes corrected (uncorrecied) parameter p(f),
Ap(t) is the correction applied, nm(#) is model mass at iime i,
<m>is time-averaged model mass = m(f) + Am{#)
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IATION OF POLAR MO-T ION
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PO AR MOT ION & XC HATION SERIES
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POLAR MO ON EXCI A ON SERES
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CORRELATION
BETWEEN SPACE96 & & AL/ OAMSERIES

AAM / OAM series PMX PMY CMPLX
AAM wind (.44 .55 0.50
AAM ib 0306 {0.65 0.59
MICOM current 0.26 0.13 0.23
MICOM height CL%? 0.31 0.39
AAM w+ib 0.50 0.71 0.69
MICOM c+h 0.48 0.30 0.37
AAM+MICOM 0.74 0.60 0.78

BETWEEN SPACE96-AAM RESIDUAL & OAM SERIES

OAM series PMX PMY CMPLX
MICOM current 0.45 0.41 0.42
MICOM height 0.53 0.44 0.47

MICOM c+h (.58 0.52 0.54

BETWEEN SPACE96-OAMRESIDUAL & £AAMSERIES

AAM series PMX PMY CMPLX
AAM wind SRS {1.44 057
AAM ib 0.5 {n.¢ ) (.70



% VARIANCE EXPLAINED
OF SPACE96 BY /4.1 / OAM SERIES

AAM / OAM series PMX PMY CMPLX

AAM wind 200 201 2071
AAM ib Lo 40.9 31.9
MICOM current 3.7 1.3 2.0
MICOM height 27.0 0.9 14.8
AAM w+ib RE a8.7 44.8
MICOM c+h 14.3 7.7 9.5
AAM+MICOM LO.¢ 62.4 586.6

OF SPACE96-AAM RESIDUAL BY OAMSERIES

OAM series PMX PMY CMPLX
MICOM current 198.6 14.8 16.5
MICOM height 27.% 19.1 22.2

MICOM c+h 21.9 28.5 24.9

OF SPACE96-OAM RESIDUAL BY £Al) SERIES

AAM series PMX PMY CMPLX
AAM wind 0 ST IR
AAM ib PRI G505

AAM w+ib Sl S e
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coherence magnitude
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Conclusions

By making proper allowance for climate and mass drifts, angular momentum
variations produced by 2 substantially different OGCMs were shown to be very

similar

e Both current and mass terms agree

Comparisons with geodetic and atmospheric data show that the model-simulated
OAM series can significant] y improve closure of the Earth’s axial angular

momentum budget

Results enhance confidence in robustness of model simulations

High-quality geodetic measurements have the potential to serve as benchmarks for
validating and improving complex geophysical models

Benefits to both geodetic studies and ocean/atmosphere modeling
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