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Joint Estimation of MDT & Geoid

geoid/gravity

sea surface height

oceanographic

observations: satellite-
based gravity field NEQ
(e.g. GOCO), smoothness
full VCM + ommision
spherical harmonics

« observations: along-track
SSH of multiple missions
(e.g. radar, SWOT)

« empirical error model

« potential: tide gauges

observations: drifters,

surface currents

(e.g. SVP, SAR, SKIM),

smoothness conditions
« empirical error model

loe=f(xcr)

Estimate gravity field & DOT .
seperation of SSH
weighted.combination
high-dimensional, HPC

":.’ssn=f(xcﬁ Xoor)

loc=f(Xoor)

spatial'& temporal filtering

estimated parameters

% E3

refinened gravity field

dynamic ocean topography

« parametric model:
spherical harmonics

« parameters: Xer = [ Cim, Sim]
o full VCM

« parametric model: finite
element space
« parameters: xpor = [ a(t) ]

| « FullVCM

UNIVERSITAT ERITYI

DFG project PARASURV
— PArametric
determination of the
dynamic ocean
topography from geoid,
altimetric sea surface
heights and SAR derived
RAdial SURface
Velocities
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details:
[8, 11,2, 3,10, 4, 9]
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f'figg Finite Element Base Functions for Spatial Approximation
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MDT represented as linear combination of finite element (FE) base functions by (0, \)

C(0,A) = Z amor,kbmor,k (6, A), XmpT = [amor, k] (1)J
keK

continuous model in space (C°/C*-smooth)

unknowns awmpr,; interpretable (e.g. DOT, derivatives, ...)
FE space defines filtering/spatial resolution

observation equations in any location and functional (point
values, derivatives, integrals, ...)
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MDT represented as linear combination of finite element (FE) base functions by (0, \)

¢(6,)) = > amorkbuor (6, A),  Xmor = [amor ] (1)J

keK

continuous model in space (C°/C-smooth)

unknowns awmpr,; interpretable (e.g. DOT, derivatives, ...)
FE space defines filtering/spatial resolution

observation equations in any location and functional (point
values, derivatives, integrals, ...)
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C*-smooth: ARGYRIS element

» 3dof » 12 dof : » 21dof
» simple: DOT . mas » composed s sy » see[1, 9]
in nodes element = this study
= . P> seel2, 3] ! ., P> see[5] z, Q)
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GM (e.g. Cryosat2: repeat 369 d)
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» Can we parameterize and coestimate a spatio-temporal model for the long term ocean variability?
» Does this improve the quality of either Geoid or MDT estimates?

\
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Model A: Static SSH Observation Equations v
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Least-squares observation equations for altimetric SSH observations

i+ vi = N (B, M) + (63, 1) 2 |

> N(0;,\;): geoid height, a function in the unknown spherical harmonic coefficients ¢;,,, and s;,,,
> ((0;, \;): MDT, a function in the unknown FE scaling coefficients ampr
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Least-squares observation equations for altimetric SSH observations

i+ vi = N (B, M) + (63, 1) 2 |

> N(0;,\;): geoid height, a function in the unknown spherical harmonic coefficients ¢;,,, and s;,,,
> ((0;, \;): MDT, a function in the unknown FE scaling coefficients ampr
= Implicit temporal averaging by least squares: repeated measurements
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Model A: Static SSH Observation Equations v
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Least-squares observation equations for altimetric SSH observations

i+ vi = N(8:, i) + C(6:, 1) 2 |

> N(0;,\;): geoid height, a function in the unknown spherical harmonic coefficients ¢;,,, and s;,,,
> ((0;, \;): MDT, a function in the unknown FE scaling coefficients ampr
= Implicit temporal averaging by least squares: repeated measurements

gravity field altimetry regularization x.s regularization Xypr
. SH stable
('iloErgblned SH medium
s
SH high deg +
FE MpT .
o
» Regularization: global high degree spherical » Regularization: to obtain a smooth MDT and

harmonic coefficients to be solvable to support separation = min ||V { (0, )]
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Model B: Temporal SSH Observation Equations v
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Least-squares observation equations for altimetric SSH observations

li +vi = N(0i, Ni) + (05, M) + OV (65, M, t3) (3)J
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Least-squares observation equations for altimetric SSH observations

(]
li +v; = N(0i, \;) + €05, M) + OV (6;, Ai, t5) (3)J =
Coestimating a separable spatial (FE as for ) & temporal model to compensate the ocean variability :
OV (0;, Aiyti) Zaow (t)bov,1(0, A) Z Z eov,k,thov,k (t)bov,i (0, \) (4)J .
leL leL keK -
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Model B: Temporal SSH Observation Equations L4

UNIVERSITAT ERINYI
Least-squares observation equations for altimetric SSH observations -
li +v; = N(0s, i) + C(0s, \s) + OV (65, As, t5) (3)J "
[
Coestimating a separable spatial (FE as for ) & temporal model to compensate the ocean variability -
OV (0;, \i, t;) Zaow )bov,1(0, \) Z Z eov,k,thov,k (t)bov,1 (6, ) (4)| =
leL leL keK -
With separable function to model a linear trend and a seasonal period
aov,i(ti) = eov,1,iti + €ov,2,1 Sin (wi;) + €ov,3,1 cos (wt;) (S)J
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Model B: Temporal SSH Observation Equations L4
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Least-squares observation equations for altimetric SSH observations

li +vi = N(0i, Ni) + (05, M) + OV (65, M, t3) (3)J

Coestimating a separable spatial (FE as for ) & temporal model to compensate the ocean variability

OV (0;, i, ti) Zaow (t)bov,i(0, N) Z Z eov,k,ihov,k (t)bov,i (0, \) (4)J

leL leL keK

HIIIIII

With separable function to model a linear trend and a seasonal period

aov,i(ti) = eov,1,iti + eov,2,0 5in (Wt;) + eov,3, cos (wt;) (5) |
gravity field altimetry regularization X.s regularization Xwor regularization Xov
SH stable
Combined SH medium 1]
SH high deg
NEQs o + + + HEE
FE
FE :x‘zy;nd H:MM ]
FE 0V cos % % |
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Configuration of Numerical Experiment
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Study region
200 km mesh created by JIGSAW [6]

Gravity field information

>
>

satellite-only model
unconstrained GOCO06S
normal equations
spherical harmonic degree
2to 300

further details: [7]

Along track SSH data: 01/2010 to 12/2019

period spacing repeat #obs
C-2 01/11-12/19 8km 369d 1.87M
J1 01/10-03/12 315km 10d 0.52M
J-1GM 05/12-06/13 7.5km 406 d 0.27M
J-2 01/10-05/17 315km 10d 179 M
J-2GM 07/17-09/17 8.5km 371d 0.04M
J-3 02/16-12/19 315km 10d 0.95M

as processed and distributed by AVISO [12]

rockmann et al.

posium - Milano

June
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Configuration of Numerical Experiment v
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Study region Gravity field information Along track SSH data: 01/2010 to 12/2019
200 km mesh created by JIGSAW [6] > satellite-only model

. eriod spacin, repeat #obs
» unconstrained GOCO06S P pacing P
. c2 01/11-12/19 8km  369d  1.87M
normgl equatlons' -1 01/10-03/12  315km 10d  0.52M
» spherical harmonic degree  ;1GM  05/12:06/13  7.5km  406d  0.27M
2 01/10-05/17  315km 10d 179 M
2t0300 J2GM  07/17-09/7  85km 371 0.04M
» further details: [7] 3 02/16-12/19 ~ 315km 10d  0.95M

as processed and distributed by AVISO [12]

Estimated parameters Regularization/smoothness Assembly and solution full least-squares
» SH to degree 600: » SH: Kaula degree 201 until normal equations
361197 parameters 600, empirical weight » Model A (static): 490 GB
» FE MDT: 1195 > FE MDT: min [|V((0, \)||, » Model B (temporal): 506 GB
» FE OV: 3x1195 empirical weight = implementation in HPC environment
(model B) » FEOV: [VOV (0, A, t)]]

» 3intermission biases (scen B), weight by VCE

Brockmann et al X Hotine-Maru Symposium - Milano - June 16, 2022 Parametric MDT estimation



4

MDT Solutions Compared to CNES_CLS18 —

Model A - CNES_CLS18

: 0.9cm

RMS Region 2: 1.6cm
RMS Region 3: 3.6cm
RMS: 5.1cm
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Geoid Solutions Compared to XGM2019 at d/o 760 v
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Model A - XGM2019 Model B - XGM2019
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Geoid Solutions Compared to XGM2019 at d/o 760
Model B - Model A
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Coestimated in
Model B

HIIIIII
o

From gridded
DUACS daily SLA
maps [13]
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Summary and Conclusions
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» coestimation of long-term temporal signal possible OV as time series
» reasonable signal in areas of lower ocean variability

» but temporal model (trend and seasonal period) for Point in region of low variability

regions of higher variability insufficient
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» coestimation of long-term temporal signal possible
» reasonable signal in areas of lower ocean variability

» but temporal model (trend and seasonal period) for Point in region of low variability

regions of higher variability insufficient o

QV as time series

» no obvious gain for MDT estimation (5 mm)
» no obvious gain for geoid estimation (10 mm)
= FE & adjustment serves as spatio-temporal filter

(200 km) J l Point in region of high variability

\
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Summary and Conclusions
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» coestimation of long-term temporal signal possible OV as time series
» reasonable signal in areas of lower ocean variability

» but temporal model (trend and seasonal period) for Point in region of low variability

regions of higher variability insufficient o

» no obvious gain for MDT estimation (5 mm)
» no obvious gain for geoid estimation (10 mm)
= FE & adjustment serves as spatio-temporal filter
(200 km)

By ®E E E E E B
N

» weighting of smoothness/regularization

» influence on regional intermission bias estimation (up to
2 cm between models A and B)

» improve the temporal modeling (cf. Borlinghaus et al.)?

» improve the separation in general (drifter, RSV,...)
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