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Contributions to Sea Surface Height
SSH = MSS + Tide + Earth Tide + Pole Tide + etc. + Sea Level Anomaly

etc.



● For wavelengths shorter than 100 km, the 
residual errors of recent models represent 
nearly 30% of the SLA variance.

● The error can be 2.5 times higher for 
uncharted tracks over rough bathymetry.
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Objectives

1. Provide accurate uncertainty estimation for present geophysical 
corrections.

2. Improve current coastal and estuarine tidal and mean sea surface 
corrections.

** Methodology designed for 2km data product



Empirical Correction 
Philosophy

If the worst thing our 
model can do is nothing, 

we’ve done our job correctly. 



Tides From and For SWOT
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30+ Other Harmonics



Conventional Tidal Analysis

Harmonic Analysis (HA):

OLS:



Bayesian Tidal Analysis

Harmonic Analysis (HA):



The problem…

Posterior Likelihood Prior

Evidence



Bayesian Harmonic Analysis

Pros
Uncertainty estimation

Cons
 MCMC is really, really, slow1 1

More accurate2

Reduced overfitting3

Prior information incorporation4



Variational Bayesian HA

What if we could approximate 
the posterior in a different way?

Honest

Accurate

Fast



Synthetic Data 

● TICON is a tidal constituent dataset 
comprised of ~984 global tide gauges 
with harmonics computed for 40 tidal 
constituents.

TICON Tide Gauge Locations
Piccioni, Gaia, et al. "TICON: TIdal CONstants based on 
GESLA sea-level records from globally located tide gauges." 
Geoscience Data Journal 6.2 (2019): 97-104.

Constituent Root Mean Squared Error:

Root Sum of Squares:



How does this compare to OLS? 



Spatial Coherence

What if we could leverage the information from adjacent points?



Spatially Coherent Inductive Bias
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Original (X) Linear (X)

Measurements / Parameters ≤ 1.6 Measurements / # Params ≤ 2.9
** Note these are expanded for visualization purposes



Other Bayesian Tricks

Initial 2nd fit

- VBayes  - Observed  - Identified Bad Points

3rd fit Final

Dataset Pruning

F1-Score 
of ~0.91

Significance Testing Evolutionary Constituent 
Optimization

Initial 
Population

Selection

Mutation

Cross-over

Termination

= Constituent Included

= Constituent Excluded



Bristol Channel (Overview)

Source: Duquesne et al. Evidence for declining levels of heavy-metals in the Severn Estuary and 
Bristol Channel, UK and their spatial distribution in sediments

M2
S2

● Characterized by the second 
largest tidal range in the world.

● Spring tidal range exceeding 
12-14 meters!

● Significant nonlinearity…

● Unique challenges for satellite 
altimetry.

● Cal/Val phase



Bristol Channel (SLA Variance)
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Bristol Channel (SLA Variance)
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Bristol Channel (SLA Variance)
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Bristol Channel (SLA Variance Reduction)
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Bristol Channel (SLA Variance Reduction)

Percent Variance Reduction
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VBayes MSS Correction

OLS MSS Correction



VBayes MSS Correction
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P(X) > 0

How much can we trust this result?



VBayes MSS Correction
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VBayes MSS Correction (US)
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VBayes 2km MSS Correction

VBayes 500m MSS Correction



M2 & OvertidesM2 and Overtides



Tidal Asymmetry
Also why MTL != MSS



M6M6



L2/L3 2km Cal/Val Tide + MSS 
Uncertainty Estimates

SWOT empirical tide + MSS 
corrections with uncertainty.

May ‘24:

Jul ‘24: L2 250m Cal/Val Tide + MSS 
Corrections + Uncertainty

L2/L3 2km Cal/Val Tide + MSS 
Full Corrections

Jun ‘24:

Thank you!
thomas.monahan@eng.ox.ac.uk




