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Abstract

This data descriptor presents the HF radar and drifter datasets, along with the methods
used to process and apply them in a previously published study on the validation of surface
current measurements in a region characterized by highly variable coastal dynamics. The
data were collected in the framework of a large-scale Lagrangian experiment, which in-
cluded extensive drifter deployment and the generation of virtual trajectories based on HF
radar-derived flow fields. Both Eulerian and Lagrangian approaches were used to assess
radar performance through correlation and RMSE metrics, with additional refinement
achieved via Kriging interpolation. The validation results, published in Remote Sensing,
demonstrated good agreement between HF radar and drifter observations, particularly
when quality control parameters were optimized. The datasets and associated method-
ologies described here support ongoing efforts to enhance HF radar tuning strategies and
improve surface current monitoring in complex marine environments.

Dataset: https://doi.org/10.5281/zenodo.15593063; https:/ /doi.org/10.17882 /105936
Dataset License: CC-BY 4.0
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Tuscany Archipelago

1. Summary

The dataset described in this manuscript was collected during a large-scale La-
grangian oceanographic campaign conducted in October and November 2020 in the Tus-
cany Archipelago [1], a region characterized by highly variable surface currents. It includes
measurements from 26 CODE-type drifters deployed in a square array and tracked via GPS
with a 5 min sampling interval, as well as surface current data from a SeaSonde network
consisting of three coastal stations.

This dataset contributes to the validation of remote sensing technologies for sur-
face current monitoring in coastal marine environments, supporting cross-border and
regional observational efforts within European frameworks such as CMEMS and the Eu-
roGOOS HF Radar Task Team. By providing reliable HF radar and drifter data from this
dynamic coastal region, it supports improvements in operational oceanographic services
and coastal management.
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Radar data were subjected to a series of quality control (QC) procedures designed to
maximize the accuracy and consistency of surface current vectors. Two key post-processing
filters, VART_QC (temporal variance filter) and MDFL_QC (median filter), as defined by
CMEMS guidelines [2], identify and flag vectors exhibiting excessive temporal variability
or significant deviation from the local median. Alternative thresholds to the default value
of 1 m/s were applied to assess the sensitivity of the dataset to progressively stricter quality
control criteria. Radar datasets corresponding to these thresholds are provided in the
Supplementary Materials.

2. Data Description

The HF radar dataset includes hourly surface current measurements derived from a
CODAR SeaSonde Direction Finding system operating at 13.5 MHz. The network consists
of three stations, Livorno (LIVO), San Vincenzo (SVIN), and Isola del Tino (TINO), covering
the Ligurian and Northern Tyrrhenian Seas. Radial velocities are collected on a polar
grid with approximately 1.5 km radial resolution and 5° angular spacing, then combined
into total velocity fields using a least-squares method. Measurements represent surface
currents in the upper ~0.3-2.5 m of the water column and are aggregated over 1 h intervals
centered on the cardinal hour. The data are georeferenced using EPSG:4326 (WGS84), with
a geographic extent roughly between 41.5 and 44.5° N as well as 8.5 and 12.5° E.

Data are stored in NetCDF-4 classic model format and conform to CF-1.6 and Coper-
nicus In Situ-TAC conventions [3]. Quality control procedures include several flagging
tests: VART_QC (temporal variance filter), MDFL_QC (median filter), CSPD_QC (velocity
threshold), OWTR_QC (over-water check), AVRB_QC (average bearing), and RDCT_QC
(radial count) [4,5]. Both filtered and unfiltered versions of the radar data are available.
Filtered datasets correspond to different configurations of the VART_QC and MDFL_QC
filters, with thresholds ranging from 0.182 to 1 m/s. These variants allow users to assess
the sensitivity of spatial coverage and data quality to different quality control settings.

The Lagrangian component of the dataset is based on 26 CODE-type surface drifters
deployed on 8 October 2020 in a regular-grid configuration within the Tuscany Archipelago,
as part of a larger multi-instrument experiment described in [6]. Drifters were tracked via
GPS with a nominal sampling interval of 5 min. The drifter dataset spans approximately
one month, although effective durations vary due to recovery operations, grounding
events, or transmission interruptions. Each record includes time, latitude, longitude, and
computed velocity components (u, v) obtained from the displacement between consecutive
positions. Due to occasional gaps in GPS transmission, primarily caused by a firmware-
induced standby behavior under low-motion conditions, a filtering and cleaning process
was applied to remove intervals exceeding expected transmission time or associated with
pre- and post-deployment phases. The final cleaned trajectories are provided in NetCDF
format with metadata including deployment time, drifter ID, and geospatial bounds.

To enhance spatial and temporal continuity, Kriging interpolation [7,8] was applied to
drifter velocities, generating regular-grid fields suitable for comparison with radar data.
These interpolated products support applications such as trajectory modeling and coastal
circulation studies.

Synthetic Lagrangian trajectories were also generated using the GNOME (General
NOAA Operational Modeling Environment) model, driven by radar-derived surface
velocity fields. These simulations complement the drifter data and are provided in
NetCDF format with metadata including initialization time, reference drifter ID, and
radar coverage boundary.

All data components, including raw and filtered radar fields, cleaned drifter tracks,
Kriging-interpolated velocities, and synthetic trajectories, are available as NetCDF files
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with standardized metadata. Filtered radar data, interpolated drifter fields, and synthetic
trajectories are included as Supplementary Materials to this article, while the complete
radar dataset (including raw fields) is openly accessible via Zenodo and the European HFR
THREDDS server. A summary of the dataset structure, instruments, and derived products
is provided in Table 1.

Table 1. Summary of dataset contents, including HF radar system specifications, drifter deployment
details, and processed products such as Kriged fields and synthetic trajectories.

Component Description
HF radar sites 3 SeaSonde stations at TINO, LIVO, SVIN (13.5 MHz)
Radar data format NetCDF with CMEMS-compliant metadata
Radar coverage area Northern Tyrrhenian and Ligurian Sea (~80-100 km per station)
Drifter type 26 CODE-type drifters with 5 min GPS sampling
Deployment date 8 October 2020
Drifter data duration Up to 1 month (variable per drifter)
Trajectory sampling interval ~5 min (variable due to firmware-induced standby mode)

Interpolated drifter velocities

Interpolated using Ordinary Kriging with an exponential
variogram (range = 100, sill = 1, nugget = 0.1)

Synthetic GNOME trajectories

705 sub-tracks of 12 h each, based on radar-derived currents,

provided as NetCDF
Real sub-trajectories (12 h) Used for validation only; not included in Supplementary Materials
Auxiliary formats All trajectory and velocity data available in NetCDF

Note: Filtered radar data, Kriging-interpolated drifter velocities, and synthetic trajectories are available as
Supplementary Materials accompanying this article. The full radar dataset, including both filtered and unfiltered
versions, is openly accessible via Zenodo and the European HFR THREDDS server (see Dataset section for links).

3. Methods

The methodological framework integrates Eulerian and Lagrangian approaches to
assess the consistency between HF radar-derived currents and drifter observations. For
Eulerian validation, surface current vectors derived from GPS-tracked, CODE-type drifters
were projected onto the radar beam directions and compared with co-located radial velocity
components. Statistical metrics such as Pearson correlation and root mean square error
(RMSE) were computed across multiple stations and time intervals to quantify agreement
and identify spatial or temporal patterns of deviation.

Lagrangian validation involved simulating virtual drifter trajectories using the
GNOME (General NOAA Operational Modeling Environment) model [9], driven by hourly
HF radar-derived velocity fields. The simulations were initialized at the start of each 12-h
segment of the real drifter tracks and restricted to the radar coverage area, defined by the
dynamically extracted footprint polygon. Radar data gaps shorter than 3 h were linearly
interpolated, while longer gaps led to re-initialization from the next available drifter posi-
tion. This approach yielded 705 matched pairs of observed and modeled sub-trajectories,
enabling consistent statistical comparison across diverse current regimes.

To enhance the spatial coherence of radar velocities and improve comparison with
in situ data, Ordinary Kriging was applied to interpolate radar-derived current fields at
the exact times and locations of the drifter observations. Using an exponential variogram
model with tuned parameters (sill = 1, range = 100, nugget = 0.1), interpolated current
components (u, v) were estimated within a local buffer around each drifter position. This
geostatistical method reduced sensitivity to local gaps or anomalies and was particularly
effective in mitigating the effect of partial spatial coverage during specific time intervals.
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Overall, the combination of direct velocity comparisons, trajectory-based validation,
and spatial interpolation provides a robust, multi-dimensional assessment of the radar
system’s performance and supports its application in coastal circulation studies and opera-
tional modeling.

Further methodological details, including sub-track segmentation, trajectory match-
ing, and validation procedures, are described in [10]. All Kriging-interpolated velocity
fields, radar data, and synthetic trajectories are provided as Supplementary Materials
accompanying this article.

4. User Notes

Users should note that radar data are sensitive to coastal geometry and signal inter-
ference. The dataset includes filtered and unfiltered versions of the radar outputs. Drifter
trajectories contain occasional gaps due to communication issues. Recommended tools for
analysis include GNOME, MATLAB (R2023a), and Python 3.12 with NetCDF libraries.

To assess the sensitivity of the dataset to different quality control configurations, three
versions of the radar-derived total velocity fields were produced by varying the thresholds
of the VART_QC (temporal variance filter) and MDFL_QC (median filter) parameters within
the range from 0.182 to 1.0. These thresholds control the aggressiveness of the filtering
process applied to the radial vectors before combining them into total velocity fields. Lower
thresholds remove a greater number of vectors, potentially improving consistency with in
situ drifter measurements while reducing the spatial coverage of the radar fields.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/data10070115/s1. The supplementary materials include the file
kriging_velocity_fields.nc, containing Kriging-interpolated surface current velocity fields (u, v) in
NetCDF4 format (approximately 20 MB); the folder VirtualDrifterDataset/, which contains synthetic
drifter trajectories generated using GNOME in NetCDF4 format (approximately 40 MB); and the file
readme_supplementary_data.txt, which provides documentation of the supplementary dataset in
plain text format (approximately 8 KB).
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Abbreviations

The following abbreviations are used in this manuscript:

CMEMS  Copernicus Marine Environment Monitoring Service
CODE Coastal Ocean Dynamics Experiment

CF Climate and Forecast (metadata convention)

EPSG European Petroleum Survey Group (standardized coordinate reference codes)
GNOME  General NOAA Operational Modeling Environment

GPS Global Positioning System

HF High Frequency

HFR High-Frequency Radar

1D Identifier

NetCDF  Network Common Data Form
NOAA National Oceanic and Atmospheric Administration

QC Quality Control

RMSE Root Mean Square Error

SVIN San Vincenzo (HF radar site)

LIVO Livorno (HF radar site)

TINO Isola del Tino (HF radar site)

u,v Zonal (east-west) and meridional (north-south) velocity components
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