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● Abstract 
 
In this document we describe a new application of DIVAnd (Data-Interpolating Variational Analysis, in 
n-dimensions) for high-frequency (HF) radar currents. DIVAnd is a tool to interpolate observations on 
a regular grid using the variational inverse method. We have extended DIVAnd to include additional 
dynamic constraints relevant to surface currents, including imposing a zero normal velocity at the 
coastline, imposing a low horizontal divergence of the surface currents, temporal coherence and 
simplified dynamics based on the Coriolis force and the possibility of including a surface pressure 
gradient. The impact of these constraints is evaluated by cross-validation using the HF radar surface 
current observations in the Ibiza Channel from the Balearic Islands Coastal Ocean Observing and 
Forecasting System (SOCIB). A small fraction of the radial current observations are set aside to validate 
the velocity reconstruction. The remaining radial currents from the two radar sites are combined to 
derive total surface currents using DIVAnd and then compared to the cross-validation data set and to 
drifter observations. The benefit of the dynamic constraints is shown relative to a variational 
interpolation without these dynamical constraints. The best results were obtained using the Coriolis 
force and the surface pressure gradient as a constraint which are able to improve the reconstruction 
from the Open-boundary Modal Analysis, a quite commonly used method to interpolate HF radar 
observations, once multiple time instances are considered together. This PiDoc is a summarized 
version of a paper in press at Ocean Dynamics (Barth et al, 2021).  
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1. Data 

1.1. General description of the input data set 
 

Surface currents datasets from HF radar and surface lagrangian drifters provided from the 
Balearic Islands Coastal Observing and Forecasting System (SOCIB, Spain, Tintoré et al, 2013) 
have been used in this study (Figure 1). SOCIB operates a complex network of observing 
platforms for long-term monitoring of physical and biogeochemical processes in the Western 
Mediterranean Sea (Tintoré et al, 2019). The HF radar system of the Ibiza Channel (Lana et al, 
2015; Lana et al 2016) consists of two CODAR SeaSonde radial stations located in Ibiza Island 
(Puig des Galfí) at 38.952 °N, 1.218 °E (GALF) and on Formentera Island (Cap Barbaria) at 
38.665°N; 1.389°E (FORM). The antennas emit at a central frequency of 13.5 MHz with a 
bandwidth of 90 kHz, 512-point FFT (Doppler Bins),  2 Hz sweep rate. The radial velocities are 
processed from the 15-minute Doppler spectra averaging with 10 min output rate. At the 
specified operating frequency, measurement depth is approximately 0.9 m (Stewart and Joy, 
1974). The hourly radial velocities are obtained by applying a centered 75-minute running 
average and cover a wide coastal area out to a range approaching 85 km. At least two radial 
observations were required at each range and bearing in the final radial map. 

 

 

 

Figure 1: Location of the HF radar system and the drifter trajectories used for validation. The 
rectangle in the left panel represents the area. 
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The system has been working operationally since June 2012 and for this product the selected 
period goes from 1 to 31 October 2014. The number of available radials for that period is 
shown in Figure 2.  

 

Figure 2: Radials and cross-validation points for the month of October 2014. 

 

The EMODnet Bathymetry (EMODnet Bathymetry, 2016) is used to delimit the coastline for 
the present HF radar data analysis. The original resolution of this digital topography is 1/480 
degree (1/8 minute) and it is sub-sampled by a factor of 16 both in longitude and latitude. The 
Coriolis parameter is assumed to be constant and computed based on the average latitude 
equal to 38.78°N and the acceleration due to gravity is set to 9.81 m/s².  

Based on the SeaDataNet climatology (Simoncelli et al, 2018) extracted at the center of the 
domain, the surface mixed layer is assumed to have a depth of 50 m or the total water depth 
in areas shallower than 50 m.  
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2. Methodology 

2.1. Data QC 
 

We use the CODAR SeaSonde statistics to filter out outliers in the HF radar data set (Codar, 
2016). SeaSonde processing software provides spatial and temporal standard deviation 
(referred as spatial and temporal quality in the SeaSonde data files) related to the spatial and 
temporal averaging of the short-time radials (typically produced every 10 minutes) as well as 
the maximum and minimum velocity for the averaging.  

The retained radial data had to satisfy the following conditions: 

● spatial and temporal “quality” (as defined in SeaSonde manual) smaller than 7 cm/s 
● difference between maximum and minimum velocity (computed over the averaging 

period) less than 20 cm/s 
● current speed less than 80 cm/s, as it is the established velocity threshold for radial 

velocities in the Ibiza Channel. 

 

2.2. DIVA implementation and settings 
 
We extend the formalism of DIVA (Brasseur and Haus, 1991; Troupin et al, 2012; Beckers et 
al, 2014; Barth et al, 2014) applied to ocean currents in the context of HF radar measurements. 
A single HF radar site provides a radial velocity measurement map. Total vector currents can 
be only derived in the overlapping region where radial velocities measured from at least two 
radars are available. In order to maximize the amount of provided data and to minimize 
additional smoothing and interpolation, the adopted approach is to directly use radial currents 
in the analysis procedure. A suitable defined observation operator links the (unknown) 
analysed vector field to the radial velocities of the different radar sites. 
 
By including the time dimension and imposing a coherence in time, one ensures that the 
velocity at a given time is similar to the velocity at a previous and next time instance. In the 
Mediterranean Sea, inertial oscillations can sometimes be quite energetic being usually of 
comparable magnitude to the mean slope current. The inertial oscillations  have also been 
observed near the coast. Moreover, the power spectra of normalized zonal and meridional 
components from the HF radar data of the Ibiza Channel present dominant peaks at the 
diurnal, inertial (approximately 19 h) and semidiurnal bands as described in Lana et al, 2016. 
We therefore consider first the special case where inertial oscillations are dominant, and later 
in this section we will address other cases. The velocity at a given time instance should rather 
be similar to the velocity one hour before and one hour after, when suitably rotated according 
to the Coriolis parameter. 
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The mean flow is not subjected to inertial oscillations.  Therefore we extended the simplified 
momentum equation by a surface pressure gradient term. Knowing the surface elevation is 
not required (a priori) to apply this method. It is a free parameter (as the gridded currents) 
determined by minimizing the cost function using the radial current observations and the 
considered dynamical constraints (relating the gradient of the surface elevation and the 
velocity). The method could in theory be extended by also including surface elevation 
observations which could be tested in follow-up studies. Such observations are required 
because we have surface current observations and we also know how the surface currents are 
related to the surface elevation. 
 
 
The smallest cross-validation error was obtained using a horizontal correlation length of 2889 
meters and a parameter controlling the strength of the data constraint in the cost function 
(epsilon2, error variance of the observation normalized by the error variance of the 
background) equal to 0.032. For the test case with the surface pressure gradient, the 
parameter controlling the dynamical constraint (error variance of the dynamic constraint 
normalized by the error variance of the background) has the value of 0.0089. More 
information is provided in Barth et al. (2021). 
 
The background estimate is a first guess of the field to interpolate. For currents, the 
background estimate that will be used is zero.  Experiments were also conducted using the 
mean current over the domain but this did not change the results in a significant way. 
 
The spatial domain goes from 0.30°E to 1.43°E and from  38.30°N to 39.27°N at a resolution 
of 1/30° (approximately 2.9 km by 3.7 km in the considered region). The interpolated data set 
is provided at an hourly resolution for a single month (October 2014). 
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3. Product Description 
 
 
The product contains current field computed with the method “3D Coriolis pgrad” – the DIVA 
3D analysis including Coriolis force and surface pressure gradient. Figure 3 (3D analysis 
including Coriolis force and surface pressure gradient) shows an example reconstructions for 
3 October 2014, 3:00 UTC. The left panels of these figures represent the derived total currents 
and the center and right panels are the radial velocities, measured by the HF radar sites 
located in Formentera (i.e. FORM) and Ibiza (i.e. GALF), respectively. Dots are the measured 
HF radar radial velocities plotted on top of the reprojected analysed currents for the same 
snapshot. Where the analysed radial currents and dots have a similar (resp. different) color, 
the corresponding residual is small (resp. large). Such plots give an indication of the degree of 
the observed information retained in the analysis and allow one to detect if the analysis under- 
or over fits the observations.  
 
 
 

 
Figure 3: The reconstructed current velocity for the analysis. All panels are valid for the time 2014-
10-03T03:00:00. The analysed total currents are shown in panel (a) where the red arrow represents 
0.5 m/s. The radial currents (HF radar measurements and reprojected analysis) are shown in panel 
(b) and (c) for the two HF radar sites. The difference between the HF radar measurements and the 
reprojected analysis are given in panel (d) and (e). 
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Figure 4: Surface current statistics. Arrows represent the reconstructed mean current velocity and 
ellipses their temporal variability. For clarity, only one current vector for every 3×3 grid cell is shown 
and the red arrow represents 0.1 m/s. The black arrow represents the mean currents and the light 
blue ellipse is the standard deviation (reduced by a factor of 5 for visibility). 

 
 
From the reconstructed surface currents, the mean current and their temporal variability are 
also derived (Figure 4). The latter is represented as ellipses whose size is related to the 
standard deviation and the orientation of the correlation between the zonal and meridional 
currents. The standard deviation is scaled down by a factor of 5 to enhance visibility. The 
variability is actually quite large compared to the mean current in this region. The vectors 
outside the area covered by both antennas are of course much less reliable. The analysis 
reveals a quite strong current just in front of Puig des Galfi (GALF) (around 1.25°E and 38.9°N) 
. 
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4. Consistency analysis 
 
 
Beside the validation with a subset of HF radar data, the reconstructed surface current field is 
also compared to velocity derived from 12 satellite-tracked surface drifters of three different 
types (i.e. MetOcean CODE, MD03i, ODI) deployed by SOCIB in the Ibiza Channel in September 
2014 (Tintoré et al, 2014) as described in Lana et al, 2016. The configuration of the floats was 
designed to ensure that both measurements, HF radar and drifters, remain inter-comparable, 
being both representative of the upper 1 m surface current, hence ensuring that they are 
compatible with the HF radar measurements: 
 

● ODI, from Albatros Marine Technologies, has a spherical shape with small diameter 
(0.2 m) and low weight (3 kg), with less than 50% of its body emerging. A drogue of 
about 5 kg was attached at 0.5 m below the sea surface; 

 
● MetOcean CODE is a robust solution to acquire coastal and estuarine water currents 

within a meter of the water surface, minimizing wind drag effects. The MetOcean 
CODE drifters had their drogue between 30 and 100 cm and low wind-exposure; 

 
● MD03i: is a cylinder shaped drifter, which has a diameter of 0.1 m and a length of 0.32 

m, where only approx. 0.08 m are above the water surface when deployed. To enhance 
the drag, a drogue was attached 0.5 m below the sea surface with a 0.5 m length and 
diameter. Due to the very small sail area above the water surface the drifter’s path 
represents the current in the upper meter of the water column. 

 
 
Only those drifter positions flagged as “good”, following the SOCIB’s quality procedures (Lana 
et al, 2015; Ruiz et al, 2018), within the HF radar coverage for total surface currents and for 
the analyzed period (October 2014) are retained for the drifter validation. The velocity is 
derived from the drifter position using the difference between two successive GPS positions. 
As the HF radar data also represents a time averaged current measurement, the velocity is 
filtered by a low-pass filter with a cut-off frequency corresponding to 1 hour (which 
corresponds to the temporal resolution of the HF radar data). The filter is modeled after a 1D 
diffusion. RMS values are computed per drifter. In order to obtain an overall estimate of the 
accuracy, we compute the RMS value using the 12 drifters time series data combined for each 
of the reconstructions (Table 1 and 2). In particular, the longest drifter time series 
md03i004_scb has an RMS error of 0.0592 m/s and 0.0688 m/s (for the u and v component 
respectively) when comparing the HF radar currents (without interpolation) to drifter currents 
as computed by Lana et al, 2016. This time series (using only HF radar where they are present) 
is 173 hours long. The best method gives an RMS error of the interpolated currents of 0.0624 
m/s and 0.0592 m/s (for the u and v components respectively). The interpolated time series 
with matching drifter data is 233 hours long (Figure 4). It is natural to expect that the 
interpolated time series would have a larger RMS error than the original (gappy) data. 
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However, we were able to show that the interpolated time series has a similar RMS error than 
the original data. 
 
 

 
Table 1: RMS (m/s) and skill-score for all drifter data combined. The hours indicate how many time 
slices have been considered. The validation metric used here is the mean square error skill-score. 

The combined RMS is defined as √𝑅𝑀𝑆𝑢² +  𝑅𝑀𝑆𝑣² . 
 

 

 
Table 2: RMS (m/s) and skill-score per drifter 
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Figure 5: Zonal (upper panel) and meridional (lower panel) of the drifter md03i004_scb. 

 
 
The RMS error relative to drifter observations for the OMA method  (Kaplan and Lekien, 2007) 
has been computed (RMSu = 0.0570 m/s, RMSv = 0.0756 m/s for all drifters combined). The 
method 3D Coriolis pgrad (RMS u = 0.0536 m/s, RMS v = 0.0680 m/s) compares favourably to 
the OMA method once multiple time instances are considered together. When using data 
from different time instances, it is necessary to specify how they are related. This is done in 
Barth et al. (2021) using the momentum equation (including the Coriolis force and the surface 
pressure gradient). If for instance the Coriolis force would not be taken into account, the 
amplitude of the inertial oscillations would be significantly smoothed-out. 
 

  

mailto:sdn-userdesk@seadatanet.org
http://www.seadatanet.org/


 

sdn-userdesk@seadatanet.org – www.seadatanet.org 

SeaDataCloud - Further developing the pan-European infrastructure for marine and ocean data management 

Grant Agreement Number: 730960 13  

6. Product Format 
The data file is in netCDF 4 following the CF-Conventions 1.6.  

 

SDC_IBIZACHANNEL_HFRadar_DP1 time period Resolution 

SDC_IBIZACHANNEL_HFRadar_DP1.nc 2014-10-01 00:00:00 to 
2014-10-31 23:00:00 

hourly (744 time instances) 

 

6.1. Product Usability  
The purpose of this data product is to test different DIVAnd settings and thus covers a limited 
time span. The main purpose of this data product is to test different analysis schemes in 
DIVAnd. The products can be used for tracer dispersion and drifter position modelling. It can 
also be used for model validation and to compare different analysis schemes. 
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8. List of acronyms 
Acronym Definition 

DIVAnd Data-Interpolating Variational Analysis, in n-dimensions 

DOI Digital Object Identifier 

SOCIB Balearic Islands Coastal Ocean Observing and Forecasting System 

QC Quality Checks 

QF Quality Flags 

OMA Open-boundary Modal Analysis 

SDC SeaDataCloud 

SDN SeaDataNet 

HF radar high-frequency radar 

WP Work Package 
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● Annex 1 - Naming convention for SeaDataCloud new 
products 

Table A1 -  Name convention for SeaDataCloud new Data Products 

Project Region New Data 
Product 

Product Number 

SDC IBIAZCHANNEL HFRADAR 1 
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