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Coestimating long-term temporal signals to reduce the aliasing effect in
parametric geodetic mean dynamic topography estimation
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Overview: Parametric Geodetic MDT Estimation

Along track alࢢmetric SSH
observaࢢons

signal separaࢢon & spaࢢal and temporal averaging
geoid: parameterized
as global spherical
harmonics
range±ƈƇƇm

MDT: parameterized
by local finite element
basis funcࢢons
range±Ɖm

▶ satellite-only, e.g. GOCO
▶ band-limited in spherical
harmonic domain

▶ stochasࢢc data

gravity field data oceanographic data
see poster: Neyers et al.

today
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Joint Estimation of MDT & Geoid

 

DFG project PARASURV
— PArametric
determinaࢢon of the
dynamic ocean
topography from geoid,
alࢢmetric sea surface
heights and SAR derived
RAdial SURface
Velociࢢes

details:
[қ, ƈƈ, Ɖ, Ɗ, ƈƇ, Ƌ, Ǝ]
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Finite Element Base Functions for Spatial Approximation
MDT represented as linear combinaࢢon of finite element (FE) base funcࢢons bk(θ, λ)

ζ(θ, λ) =
∑
k∈K

aMDT,kbMDT,k(θ, λ), xMDT = [aMDT,k] (ƈ)

▶ conࢢnuous model in space (C0/C1-smooth)
▶ unknowns aMDT,k interpretable (e.g. DOT, derivaࢢves, ...)
▶ FE space defines filtering/spaࢢal resoluࢢon
▶ observaࢢon equaࢢons in any locaࢢon and funcࢢonal (point
values, derivaࢢves, integrals, ...)

C0-smooth: linear element

𝒙1 𝒙2

𝒙3

▶ Ɗ dof
▶ simple: DOT
in nodes

▶ see [Ɖ, Ɗ]

C1-smooth: HCT element

𝒙 1 𝒙 2

𝒙 3

𝒎 12

𝒎 23𝒎 13

▶ ƈƉ dof
▶ composed
element

▶ see [ƌ]

C1-smooth: ARGYRIS element

𝒙1 𝒙2

𝒙3

𝒎12

𝒎23𝒎13

▶ Ɖƈ dof
▶ see [ƈ, Ǝ]
⇒ this study
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Motivation: Altimetric SSH Sampling

ERM (e.g. Jason-ƈ: repeat ƈƇ d)

GM (e.g. CryosatƉ: repeat ƊҚƎ d)

Brockmann et al. X Hotine-Marussi Symposium ·Milano · June 16, 2022 Parametric MDT estimation



5

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Motivation: Altimetric SSH Sampling

ERM (e.g. Jason-ƈ: repeat ƈƇ d) GM (e.g. CryosatƉ: repeat ƊҚƎ d)
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Motivation: Altimetric SSH Sampling

ERM (e.g. Jason-ƈ: repeat ƈƇ d) GM (e.g. CryosatƉ: repeat ƊҚƎ d)

▶ Can we parameterize and coesࢢmate a spaࢢo-temporal model for the long term ocean variability?
▶ Does this improve the quality of either Geoid or MDT esࢢmates?
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Model A: Static SSH Observation Equations
Least-squares observaࢢon equaࢢons for alࢢmetric SSH observaࢢons

li + vi = N(θi, λi) + ζ(θi, λi) (Ɖ)

▶ N(θi, λi): geoid height, a funcࢢon in the unknown spherical harmonic coefficients clm and slm
▶ ζ(θi, λi): MDT, a funcࢢon in the unknown FE scaling coefficients aMDT,k

⇒ Implicit temporal averaging by least squares: repeated measurements

Combined
NEQs +

gravity field altimetry regularization xcs

+ +

regularization xMDT

SH stable

SH medium

SH high deg

FE MDT

▶ Regularizaࢢon: global high degree spherical
harmonic coefficients to be solvable

▶ Regularizaࢢon: to obtain a smooth MDT and
to support separaࢢon⇒min ∥∇ζ(θ, λ)∥
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Model B: Temporal SSH Observation Equations
Least-squares observaࢢon equaࢢons for alࢢmetric SSH observaࢢons

li + vi = N(θi, λi) + ζ(θi, λi) +OV (θi, λi, ti) (Ɗ)

Coesࢢmaࢢng a separable spaࢢal (FE as for ζ) & temporal model to compensate the ocean variability

OV (θi, λi, ti) =
∑
l∈L

aOV,l(t)bOV,l(θ, λ) =
∑
l∈L

∑
k∈K

eOV,k,lhOV,k(t)bOV,l(θ, λ) (Ƌ)

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

aOV,l(ti) = eOV,1,lti + eOV,2,l sin (ωti) + eOV,3,l cos (ωti) (ƌ)

Combined
NEQs +

gravity field altimetry regularization xcs

+ + +

regularization xMDT regularization xOV

SH stable

SH medium

SH high deg

FE MDT
FE OV trend
FE OV sin
FE OV cos
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Configuration of Numerical Experiment
Study region
ƉƇƇ km mesh created by JIGSAW [Қ]

Esࢢmated parameters
▶ SH to degree ҚƇƇ:
ƊҚƈ ƈƎƍ parameters

▶ FE MDT: ƈƈƎƌ
▶ FE OV: Ɗ×ƈƈƎƌ
(model B)

▶ Ɗ intermission biases

Gravity field informaࢢon
▶ satellite-only model
▶ unconstrained GOCOƇҚS
normal equaࢢons

▶ spherical harmonic degree
Ɖ to ƊƇƇ

▶ further details: [ƍ]

Regularizaࢢon/smoothness
▶ SH: Kaula degree ƉƇƈ unࢢl
ҚƇƇ, empirical weight

▶ FE MDT: min ∥∇ζ(θ, λ)∥,
empirical weight

▶ FE OV: ∥∇OV (θ, λ, t)∥
(scen B), weight by VCE

Along track SSH data: Ƈƈ/ƉƇƈƇ to ƈƉ/ƉƇƈƎ

period spacing repeat #obs

C-Ɖ Ƈƈ/ƈƈ-ƈƉ/ƈƎ қ km ƊҚƎ d ƈ.қƍM
J-ƈ Ƈƈ/ƈƇ-ƇƊ/ƈƉ Ɗƈƌ km ƈƇ d Ƈ.ƌƉM
J-ƈ GM Ƈƌ/ƈƉ-ƇҚ/ƈƊ ƍ.ƌ km ƋƇҚ d Ƈ.ƉƍM
J-Ɖ Ƈƈ/ƈƇ-Ƈƌ/ƈƍ Ɗƈƌ km ƈƇ d ƈ.ƍƎ M
J-Ɖ GM Ƈƍ/ƈƍ-ƇƎ/ƈƍ қ.ƌ km Ɗƍƈ d Ƈ.ƇƋM
J-Ɗ ƇƉ/ƈҚ-ƈƉ/ƈƎ Ɗƈƌ km ƈƇ d Ƈ.ƎƌM

as processed and distributed by AVISO [ƈƉ]

Assembly and soluࢢon full least-squares
normal equaࢢons
▶ Model A (staࢢc): ƋƎƇGB
▶ Model B (temporal): ƌƇҚGB
⇒ implementaࢢon in HPC environment

Brockmann et al. X Hotine-Marussi Symposium ·Milano · June 16, 2022 Parametric MDT estimation
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period spacing repeat #obs

C-Ɖ Ƈƈ/ƈƈ-ƈƉ/ƈƎ қ km ƊҚƎ d ƈ.қƍM
J-ƈ Ƈƈ/ƈƇ-ƇƊ/ƈƉ Ɗƈƌ km ƈƇ d Ƈ.ƌƉM
J-ƈ GM Ƈƌ/ƈƉ-ƇҚ/ƈƊ ƍ.ƌ km ƋƇҚ d Ƈ.ƉƍM
J-Ɖ Ƈƈ/ƈƇ-Ƈƌ/ƈƍ Ɗƈƌ km ƈƇ d ƈ.ƍƎ M
J-Ɖ GM Ƈƍ/ƈƍ-ƇƎ/ƈƍ қ.ƌ km Ɗƍƈ d Ƈ.ƇƋM
J-Ɗ ƇƉ/ƈҚ-ƈƉ/ƈƎ Ɗƈƌ km ƈƇ d Ƈ.ƎƌM

as processed and distributed by AVISO [ƈƉ]

Assembly and soluࢢon full least-squares
normal equaࢢons
▶ Model A (staࢢc): ƋƎƇGB
▶ Model B (temporal): ƌƇҚGB
⇒ implementaࢢon in HPC environment
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MDT Solutions Compared to CNES_CLS18
Model A – CNES_CLSƈқ

RMS Region ƈ: Ƈ.Ǝ cm
RMS Region Ɖ: ƈ.Қ cm
RMS Region Ɗ: Ɗ.Қ cm

RMS: ƌ.ƈ cm

Model B – CNES_CLSƈқ

RMS Region ƈ: Ƈ.Ǝ cm
RMS Region Ɖ: ƈ.Қ cm
RMS Region Ɗ: Ɗ.ƍ cm

RMS: ƌ.ƈ cm

Model B – Model A

RMS Region ƈ: Ƈ.ƈ cm
RMS Region Ɖ: Ƈ.ƈ cm
RMS Region Ɗ: Ƈ.Ɖ cm

RMS: Ƈ.Ɖ cm
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Geoid Solutions Compared to XGM2019 at d/o 760
Model A – XGMƉƇƈƎ

RMS Region ƈ: Ɖ.Ƈ cm
RMS Region Ɖ: Ɗ.ƌ cm
RMS Region Ɗ: ƌ.Ɗ cm

RMS: ƈƇ.Ƈ cm

Model B – XGMƉƇƈƎ

RMS Region ƈ: Ɖ.Ƈ cm
RMS Region Ɖ: Ɗ.ƌ cm
RMS Region Ɗ: ƌ.Ɗ cm

RMS: ƈƇ.Ƈ cm

Model B – Model A

RMS Region ƈ: Ƈ.Ɗ cm
RMS Region Ɖ: Ƈ.ƌ cm
RMS Region Ɗ: Ƈ.ƍ cm

RMS: Ƈ.қ cm
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Validating Estimated Ocean Variability

Coesࢢmated in
Model B

From gridded
DUACS daily SLA
maps [ƈƊ]
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Summary and Conclusions

▶ coesࢢmaࢢon of long-term temporal signal possible
▶ reasonable signal in areas of lower ocean variability
▶ but temporal model (trend and seasonal period) for
regions of higher variability insufficient

▶ no obvious gain for MDT esࢢmaࢢon (ƌmm)
▶ no obvious gain for geoid esࢢmaࢢon (ƈƇmm)
⇒ FE & adjustment serves as spaࢢo-temporal filter

(ƉƇƇ km)

▶ weighࢢng of smoothness/regularizaࢢon
▶ influence on regional intermission bias esࢢmaࢢon (up to
Ɖ cm between models A and B)

▶ improve the temporal modeling (cf. Borlinghaus et al.)?
▶ improve the separaࢢon in general (dri[er, RSV,...)

OV as meࢢ series

Point in region of low variability

Point in region of high variability
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