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Triple collocation (Stoffelen, 1998)

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

- truth
Common truth ¢ T=1+e,

ayt + by, + €,
z=a,t+ b, + €,

Error model

fori=uxy z

e Unbiased errors:
<€ >=0
e Errors independent of common truth:
< gt >=< ¢ ><t>=0
e No cross-correlation for errors:
< €€y >=< €56, >=< €y€, >= 0

e Error variances constant over range of
values considered (homoscedasticity)
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C;; : covariance between measurements 7 and ;.
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Using formulation as in Dodet et al., 2022



Calibration
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Significant wave height (Hs) measurements

e NORA3 wave model hindcast - 3 km resolution (Breivik et al., 2022)
Regridded to 0.5°x0.5° resolution

e Altimeter data from the ESA Sea State CCI v3 dataset (Pioll¢ et al., 2022)

66°N

e CMEMS In-situ TAC - Near Real Time data
(http://www.marineinsitu.eu/) 645N

63°N

In-situ selection (18 stations):

61.5°N
e Distance to coast > 50 km 60N
e Depth > 50m (https://erddap.emodnet.eu/) 58.5°N
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https://www.degreesymbol.net/
https://www.degreesymbol.net/
https://erddap.emodnet.eu/
http://www.marineinsitu.eu/

Error model and assumptions

tH €,

(1,:.;1'; Ll by T €y

a.t

b, -

fori=xy,z

e Unbiased errors:
<€ >=10
e Errors independent of common truth:
< gt >=< €, ><t>=0
e No cross-correlation for errors:
€€y >=< €6, >=< €€, >= 0

e Error variances constant over range of values
considered (homoscedasticity)



Collocation
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“Dynamic collocation™

Keep the triplets only if
relative difference < 5%

Janssen et al., 2007, Dodet et al., 2025



Collocation distance and filter
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Error model and assumptions

t+ €,

a.t -

b, -

fori=xy,z

e Unbiased errors:
<€ >=10
e Errors independent of common truth:
< gt >=< €, ><t>=0
e No cross-correlation for errors:
€€y >=< €6, >=< €€, >= 0

e Error variances constant over range of values
considered (homoscedasticity)



Cross-correlation error

Ifx, y>>z:

=< €,,€, ># 0

Solutions:

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

e Estimate the cross-correlation r? (Vogelzang et al., 2011)
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Estimate r? = <g

Power spectra [m?.km]
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Differences in results with different approaches
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Error model and assumptions

t+ €,

a.t -

b, -

fori=xy,z

e Unbiased errors:
<€ >=10
e Errors independent of common truth:
< gt >=< €, ><t>=0
e No cross-correlation for errors:
€€y >=< €6, >=< €€, >= 0

e Error variances constant over range of values
considered (homoscedasticity)



Independence with common truth 7 & constant variance

Solution? Apply triple collocation to VHs?

Triple collocation results for Triple collocation on VHs results
different ranges of Hs values for different ranges of VHs values
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See also Dodet et al., 2022 See Alemohammad et al., 2015



Wavy open-source Python package

Thursday afternoon - Room 1 - Patrik Bohlinger

data =

'in-situ':insitu,
'satellite':satellite,
'model_is':model_is,
‘model sat':model sat

data =

data =

data =

data =

tc.filter collocation distance(data,
dist_max=50,
name='satellite')
k:datalk].vars.Hs.values for k in data.keys()

tc.filter dynamic collocation(data, mod 1='model is',

mod 2='model sat"',
max_rel_diff=0.05)

tc.calibration_triplets_tc(data, 'satellite')

tc.triple collocation(data, ref='satellite')

var rmse si rho mean std

in-situ  0.106 0.326 0.125 0.954 2.604 1.514

satellite 0.012 0.111 0.042 0.994 2.604 1.483

model_is 0083 0.288 0.111 0.963 2.604 1.506

Bohlinger et al., 2019

wavyopen

wavy - a package for effortless wave model validation
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Calibration

Using here formulation from Gruber et al., 2016
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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 ¢,
(Abdalla et al., 2011)

17 observations/170 minutes ~ 50km
with c, =49 m.s’!

Meteorologisk
R institutt



Raw data

super-observations

Power spectra collocated satellite and model
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Implementation in wavy - example with simulated data

r=1t+¢€,

y=0.5t+ 1+ ¢,
z=13t—0.3 + ¢,

Where

€. ~ N(0,
e, ~ N (0,

e, ~N(0,

O Meteorologisk

A institutt

0.01
0.04
0.04

N < X ™

1000

1500

2000

Wavy output:
X Y £
var est 0.0097 0.04 0.0405
RMSE 0.0984 0.2 0.2012
SI 4.6578 9.4645 9.5208
rho 0.9812 0.7592 0.9548
mean 2.1135 2.0539 2.4451
std 06.7173 0.4076 0.946

The reference for the SI is:

X

2500
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Implementation in wavy - example with simulated data

Now calibrating the data beforehand

<€ >=0.17
<e > 0.2
a2 0.5
<e> 0.2
a2 1.32

O Meteorologisk

A institutt

NS x T

0.01 3
= (0.16 21
1.
- (0.024
0- T T T
0 500 1000
Wavy output:
X Y X Z X
var est 0.0097 0.1602 B.02390
RMSE 0.0984 0.4002 0.1547
SI 4.6578 18.9362 7.3186
rho 0.9812 0.7592 0.9548
mean 2.1135 2.1135 2.1135
std 0.7173 0.8155 0.7272
The reference for the SI is: X

1500

2000
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