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Broad-band Geodetic Excitations

» Why are the broad-band geodetic excitations
needed?
» To evaluate the geophysical excitations from

seasonal to daily/subdaily time scales, and gain more
knowledge on geophysical fluids

» To quantify the IB/NoniB effect in the atmosphere-
ocean interactions

All the PM data
used here are
daily sampled or
decimated to
daily sampled
with a lowpass
filter

» Methods to derive the geodetic excitations
> Wison85 filter (Wilson, 1985, Geophs J RAS)

» Two-stage filter (Wilson & Chen, 1996, J Geod)
» Gain adjustment (Wilson & Chen, 1996, J Geod)
» Cubic spline fit (Kouba, 2006, J Geod)

Methods realized




Theoretical Aspects

Formula or method

Comments

Wilson85 filter
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Apply the second-stage filter to the output of the Wilson85 one

Time-domain correction to the output of the Wilson85 filter
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Theoretical Aspects

» Variant of the Wilson85 filter (Wilson85v)

Wilson85
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> Wilson85 vs Wilson85v (The IG1/IGS PM data are used)
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Comparisons of Different Methods

Wilson85 vs Gain adjustment vs Cubic spline fit

sl i Gain adjustment
. i} might be better!!!
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Comparisons of Different Methods

PSDin dB [rrlasz."r.pyfl
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» Gain adjustment vs Two-stage filter
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Gain adjustment and Two-stage filter are recommended

Hereafter we use
Gain adjustment to
derive the geodetic
excitations from

various PM data!!!




Geodetic Excitations

» Geodetic excitations derived from the IERS 08 C04,
IG1/IGS and SPACE2010 polar motion data
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Since 1997, the
differences among
various PM data
reduced
significantly!!!

Since 1997, the IGS
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Geodetic Excitations

» Geodetic excitations derived from the IERS 08 C04,
IG1/IGS and SPACE2010 polar motion data

Differences lie in
high-frequency
bands!!!
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Geodetic Excitations

» Geodetic excitations derived from the IERS 08 C04,
IG1/IGS and SPACE2010 polar motion data
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Global Geophysical Fluid Models

» To study the global geodynamics, various
atmospheric, oceanic and hydrological models are
established

> Different versions of the global geophysical models

> NCEP/NCAR (National Centers for Environmental
Prediction/National Center for Atmospheric Research)
reanalyses: AAM, HAM

» ECMWF (European Centre for Medium-Range Weather
Forecasts) reanalyses: AAM, OAM, HAM

AAM

AAM

» ECCO (Estimating the Circulation and Climate of the Ocean)
Assimilation products: OAM

> GLDAS (Global Land Data Assimilation System) products:
HAM

JMA and UKMO
AAMs are not used
since there are not
OAMs consistent
with them




Model Evaluations I: Daily data

> Data used
> IERS EOP 08 C04 (1997 ~ 2008)

> NCEP reanalysis AAM + ECCO kf080 OAM + NCEP
reanalysis HAM (1997 ~ 2008)

» ECMWF ERA40 (1997 ~ 2001) plus ECMWF
operational (2002 ~ 2008) AAM + OAM + HAM

» Formula of Eubanks (1993) is used to
derive the effective geophysical
excitations

> Inverted barometer (IB) assumption is
adopted to combine AE and OE




eries Comparisons (1d)
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Time Series Comparisons (1d)

NCEP.HE
GLDAS(Yan).HE)
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> Even for the same model GLDAS, the HEs are quite different!!!
» GLDAS(Yan).HE (cyan line) is provided by Dr. Haoming Yan

> GLDAS.HE (red line) is our estimate (Monthly data
tws_gldas_noah_1m_7901_1010.dat is used)



Excess Polar Motion Excitations (1d)
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Spectrum Comparisons (1d)
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35 .

30 EgmeZQE+ECMWF.OE 1 Here Iong'pe”Od
= 25 ECMWEF.AE + ECMWF.OE + ECMWF.HE bias means Iong_
G H period error
£ 15 | ¥ W |
3 J ‘ |
£ 10ff i i Wik || SRR Ik R e } j
? 5 L l | 1| ‘ | ..“ LIV il
i T T L

0 l It * '| ll T ,‘I

5 t

0 30 Possible long-period bias in ECMWF HE %

40 T T T

Obs

ECMWF.AE
A \ ECMWF.AE + ECMWF.OE I
A\ ’ \ ECMWF.AE + ECMWF.OE + ECMWF.HE

& &
= | j[——

D~
=
%?

Jil\
| LV LA
A A

Nl
M
&

— e

JN AL e AN
Pt

14

a8

2
=5
=

=,

S

=
i —
3 D~
<\_>
—

PSD in dB (masZ/cpy)

— —
=
——

& o o

-1

0




Spectrum Comparisons (1d)
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Coherence Comparlsons
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Adding HE reduces the coherence with Obs
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Coherence Comparisons with IGS and SPACE
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Effect of debias

Obs
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Role of Greenland TWS

» On the GLDAS-based HE

> Yan’s estimate is different from ours

> H. Yan (2010, private communication): set the TWS
to 500 mm equivalent water height in Greenland

> J. L. Chen & C. Wilson (2005): without details
» This study: TWS in Greenland not changed

> Is the difference due to different
treatments of the TWS in Greenland

» (or) Is the Greenland water storage important
in the estimate of the hydrological excitation?




Greenland TWS

» Taking the GLDAS model as an example

GLDAS grid data (1 degree by 1 degree, in meter) for Jan. 1979
The maximal value

of the equivalent
water height can
reach a few meters!

Here we impose a
1-m limit to show

the details of TWS
in most areas.
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HEs estimated from GLDAS Model
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HEs estimated from GLDAS Model

=== N Effects of
g Greenland TWS
! | B on hydrological
" 1 M excitation are
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Model Evaluations ll: 6-h data

» Data used (2004 ~ 2010)

> IGS EOP: ig1+igs+igu.erp (6-hour data; a combination of
the IGS/IG1 and the IGU polar motion data)

> NCEP reanalysis AAM (6h) + ECCO kf080 OAM (#) +
NCEP reanalysis HAM (#)

» ECMWF operational AAM (6h) + OAM (6h) + HAM (#)
> ERAinterim AAM (6h) + OAM (6h) + HAM (#)

> COMB: combined AAM (6h) + OAM (6h) + HAM (6h)

(#) originally daily, linearly interpreted to 6-hour data

“COMB?” refers to the combination of the three different sets of
geophysical fluid models. We use a “least difference method” to
combine these models, that is, we choose the data points which are
the closest to the observations from the aspects of magnitude and
phase (see Chen, 2011)




Series Comparisons (6h)
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Time Series Comparisons (6h)
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The residual for COMB is a little smaller!




Coherence Comparisons (6h)
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Spectrum Comparisons (6h)
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The PSD for COMB agrees best with the Obs!

Compared with GE:

NCEP/ECCO:
signals too weak

ECMWF/ERAinterim:
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Discussions and Conclusions

IERS C04 EOP might be problematic before 1997

> Widely adopted Wilson85 filter is only suitable for
seasonal excitation studies

» To derive broad-band geodetic excitations, two-
stage filter and gain adjustment are recommended

> Biases actually exist in the ECMWF and GLDAS
hydrological models, While NCEP model over-
estimates the annual variation in the TWS

> Effect of the Greenland is not significant (no more
than 0.5 mas)

> Reliability
atmospheric model > oceanic model > hydrological model

» Combined geophysical fluid models might be better r
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