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Motivation
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Triple collocation (Stoffelen, 1998)

Cij : covariance between measurements i and j.

Using formulation as in Dodet et al., 2022

- 3 independent collocated measurements (x, y, z)

- Common truth t

Error model

for i = x, y, z

● Unbiased errors:

● Errors independent of common truth:

● No cross-correlation for errors:

● Error variances constant over range of 

values considered (homoscedasticity)

Result: variance of errors
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Calibration
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Significant wave height (Hs) measurements

● NORA3 wave model hindcast - 3 km resolution (Breivik et al., 2022)

Regridded to 0.5°x0.5° resolution

In-situ selection (18 stations):

● Distance to coast > 50 km

● 2014-2021

NO

● Depth > 50m (https://erddap.emodnet.eu/) 

● Altimeter data from the ESA Sea State CCI v3 dataset (Piollé et al., 2022)

● CMEMS In-situ TAC - Near Real Time data 

(http://www.marineinsitu.eu/)

https://www.degreesymbol.net/
https://www.degreesymbol.net/
https://erddap.emodnet.eu/
http://www.marineinsitu.eu/


for i = x, y, z

● Unbiased errors:

● Errors independent of common truth:

● No cross-correlation for errors:

● Error variances constant over range of values 

considered (homoscedasticity)

Common truth t

Error model and assumptions
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Collocation

“Dynamic collocation”

Keep the triplets only if 

relative difference < 5%

Janssen et al., 2007, Dodet et al., 2025
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Collocation distance and filter
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for i = x, y, z

● Unbiased errors:

● Errors independent of common truth:

● No cross-correlation for errors:

● Error variances constant over range of values 

considered (homoscedasticity)

Error model and assumptions
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Cross-correlation error

If x, y >> z:

Solutions: 

● Coarsen x and y - using “super observations” (Abdalla et al., 2011)

● Estimate the cross-correlation r2 (Vogelzang et al., 2011)
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Estimate r2 = <εin-situ,εsatellite>

Power spectra collocated 

satellite and model
Power spectra collocated 

in-situ and model

Integrating the difference 

r2~ 0.03 m2
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Differences in results with different approaches
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for i = x, y, z

● Unbiased errors:

● Errors independent of common truth:

● No cross-correlation for errors:

● Error variances constant over range of values 

considered (homoscedasticity)

Error model and assumptions
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Independence with common truth t  & constant variance

Solution? Apply triple collocation to √Hs?

See also Dodet et al., 2022

Triple collocation results for 

different ranges of Hs values
Triple collocation on √Hs results 

for different ranges of √Hs values

See Alemohammad et al., 2015
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Wavy open-source Python package

Thursday afternoon - Room 1 - Patrik Bohlinger

Bohlinger et al., 2019
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Calibration

Using here formulation from Gruber et al., 2016

Where
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Super observations

● Altimeter data: approximately 6 km spatial resolution (Piollé et al., 2022)

9 observations ~ 54 km

● In-situ data: 1 measure every 10 minutes

Smooth over a time window according to average wave group velocity cg

(Abdalla et al., 2011)

17 observations/170 minutes ~ 50km 

with cg ≃ 4.9 m.s-1   

18
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Power spectra collocated satellite and model Power spectra collocated in-situ and model

Raw data

super-observations
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Implementation in wavy - example with simulated data

Where

Wavy output:
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Implementation in wavy - example with simulated data

Wavy output:

Now calibrating the data beforehand
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