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Summary – TL;DR 
We carried out an array design analysis of coastal HF radar networks with the ArM (Array Modes) 
method. The performances of two existing Bay of Biscay HF radar observation sites deployed on the 
Spanish Basque coast as well as a projected third site on the French Landes coast were evaluated.  

We characterized and visualized the model error structures which are detectable by the observations 
and which are potentially controllable through data assimilation.  We showed that adding radars 
improves the detection of model errors by increasing the quantity and location of observations that 
lead to efficient sampling of model error structures.  In particular, the third projected radar site would 
bring additional detail at sampling zonal surface velocity errors in the model, because of its location.  

Additionally, we studied the impact of correlated measurement errors on the ArM analysis.  We 
found that our previous conclusions regarding the existing array performance and the positive impact 
of a third site were NOT significantly modified by such correlated noise contamination. 
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1. HF radar sites and data 
We wish to objectively assess the performance of 
two existing Bay of Biscay HF radar observation sites 
deployed on the Basque coast as well as a projected 
third site on the Landes coast. We considered only 
radial velocities from the radars.  

1.1. Existing sites  1.2. Existing + projected 

2. ArM methodology 
The ArM approach (De Mey, 2010) is a non-assimilative approach: it uses ensembles in response to known error sources to describe prior (model) uncertainties, and 
aims at quantitatively evaluating the performance of the observation network at detecting those uncertainties amidst observational noise.   

In practice, ArM consists in calculating and interpreting spectra of the representer matrix, as well as modal representers, making it possible to visualize the model 
error structures which are detectable by the observations and, in a second step, potentially controllable through data assimilation. 

Assume we have a way of generating 𝑚 prior error samples (an Ensemble). Matrix of samples (centered): 𝐀𝑓 𝑛,𝑚 . Data space samples: 𝐘𝑓 𝑝,𝑚 = 𝐻 𝐀𝑓 . 

• 𝐏 𝑓 ≝
1

𝑚−1
 𝐀𝑓𝐀𝑓𝑇 Error Covariance Matrix, as approximated from samples 

• 𝐒 ≝
1

𝑚−1
𝐑−0.5𝐘𝑓 Scaled data-space samples (found e.g. in Sakov et al., 2009).  

• 𝛔  Representer Matrix spectrum estimate = squares of the singular values of 𝐒 

• 𝛍   Array Mode estimates = singular vectors of 𝐒 – an orthonormal basis of  ℝ𝑝   𝛍  is an orthogonal matrix 

• 𝛒 𝛍 ≝
1

𝑚−1
𝐀𝑓𝐒𝑇𝛍  Estimates of Modal Representers, the representers for the array modes. 

 ArM array performance criterion: Count singular values of 𝐒 larger than 1.  

3. 500m-resolution shelf 
Ensemble 
We used several model Ensembles for this study.  In 
this poster, we show results obtained with a 
multivariate Ensemble (Ghantous et al., 2019, 
submitted) composed of 50 members from a high-
resolution shelf configuration of 3D oceanic model 
Symphonie with 500m resolution. Both OBCs and wind 
were perturbed. The 500m Ensemble was downscaled 
from a 1/36° NEMO Ensemble (Vervatis et al., 2016).  

3.1. Bathymetry 3.2. SST Ensemble stdev 

4. ArM analysis 
The Representer Matrix spectra below show that all 49 degrees of freedom are detectable above the observational noise floor (=1 in array mode space).   

It can be also seen that adding radars improves the detection of model errors (shown in plots as eigenvalues ~7 times bigger) by increasing the quantity and location 
of observations that lead to efficient sampling of model error structures.   

The analysis also shows that all three candidate sites appear to bring equivalent added value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As can be seen for example from the mode 2 modal representers below, the third projected radar site would bring additional detail at sampling zonal surface 
velocity errors in the model, because of its location in the East.  Meridional velocities would also be impacted south of the third site.   

Former tests had used a lower-resolution Ensemble (not shown).  Using higher-resolution ensembles (approximating higher-resolution model errors) as here clearly 
adds detail when examining the spatial structures of errors detected by the arrays (in the form of modal representers). 

5. Impact of correlated  
HF Radar errors 
We studied the impact of correlated measurement 
errors, e.g. via sea state which can contaminate 
radar-derived velocities via Stokes drift on the ArM 
analysis.  We found that our previous conclusions 
regarding the existing array performance and the 
positive impact of a third site were not significantly 
modified by such correlated noise contamination. 

4.3. Modal Representers 1-5 for zonal surface velocity 4.4. Modal Representers 1-5 for meridional surface velocity 
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4.1. RM Spectra, individual radar sites 4.2. RM Spectra, radar site combinations 

5.1. RM Spectra, dotted = with obs err correlation 
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