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Abstract 
High Frequency Radar (HFR) is the unique land-based remote sensing technology 
capable to map ocean surface currents and waves over wide coverages with high 
spatial and temporal resolution. HFR gained relevance in the integrated management 
of coastal zones and thus rapidly expanded in Europe (7 new systems per year since 
2016), with over 68 sites currently running and 15 in the planning stage. In 2015, 
EuroGOOS launched the HFR Task Team (HFR-TT) with the aim of promoting HFR 
in Europe. This was the cornerstone of a fruitful and still ongoing path towards the 
coordinated development of HFR technology and the full exploitation of its potential. 
In fact, many initiatives in Europe followed up, aiming at building an operational HFR 
European network based on coordinated data management. The HFR-TT actions 
played an important role in the growth of operational installations in Europe, which 
were up to then managed in research-specifi c contexts and without a strong identity in 
the marine observation landscape. The achievements are promising: (i) the European 
HFR community took shape, (ii) a European operational HFR Node, best practices and 
operational tools were created for the production and distribution of standardized 
and quality-controlled data, and (iii) HFR data have been included in the main marine 
data portals (CMEMS-In situ TAC, SeaDataNet and EMODnet Physics). The European 
HFR Node was established in 2018 by AZTI, CNR-ISMAR and SOCIB, coordinated by 
the EuroGOOS HFR-TT, as the focal point in Europe for HFR data management and 
distribution, also ensuring the connection with the Global HFR network. The Node is 
fully operational since December 2018 and is now managing data from 15 European 
HFR networks and integrates and delivers US HFR network data.
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1. Introduction 
High Frequency Radar (HFR) is a land-based remote sensing technology (Crombie, 
1955; Barrick et al., 1977; Paduan and Washburn, 2013, Corgnati et al., 2019a) capable 
of mapping coastal ocean surface currents (Paduan and Rosenfeld, 1996; Gurgel et 
al., 1999), wave fi eld parameters (Barrick, 1977; Wyatt, 1990; Gurgel et al., 2006) and 
wind direction (Heron and Rose, 1986; Shen et al., 2012; Kirincich, 2016) over wide 
areas (reaching distances from the coast of over 200 km) with high spatial (a few kms 
or higher) and temporal resolution (hourly or higher). Thanks to this unique insight to 
coastal ocean variability, HFRs became invaluable assets in the fi eld of operational 
oceanography and offer an unprecedented potential for the integrated management 
of coastal zones, with direct applications in different sectors, such as Search and Rescue 
(Ullman et al., 2006), monitoring of pollutants and biological quantities (Abascal et 
al., 2009; Sciascia et al., 2018), tsunami early warning (Lipa et al., 2006; Gurgel et 
al., 2011), marine traffi c management (Breivik and Saetra, 2001), ship detection and 
tracking (Ponsford et al., 2001; Maresca et al., 2014). Moreover, HFR surface current 
data start to be systematically ingested in data assimilation processes necessary for 
predictive model adjustment (Paduan and Shulman, 2004; Barth et al., 2008). The 
relevance of its applications made the HFR technology rapidly expanding in Europe (at 
a rate of 7 new systems per year since 2016), with over 69 HFR sites currently operating 
and 15 in the planning stage, as shown in Figure 1. A detailed review of the European 
and Global networks and HFR applications was provided in Rubio et al., (2017) and 
Roarty et al., (2019).

2. The EuroGOOS HFR Task team E� ort 
Since the HFR systems are playing an increasing role in the marine services, the 
coordinated development of the European HFR network and its products is essential 
to ensure the full exploitation of HFR potential within the European coastal operational 
oceanography and to guarantee the distribution of high quality HFR data for scientifi c, 
operational and societal applications.

Aiming at this ambitious goal, in 2015 EuroGOOS launched the HFR Task Team to 
coordinate community building of the European HFR networks, while promoting 
scientifi c synergy and technological collaboration among European ocean observing 
infrastructures. The roadmap towards a pan-European HFR network was based on: 
(i) networking activities; (ii) HFR data standardization, by ensuring data availability in 
standard interoperable formats; (iii) HFR standard data integration in the main marine 
data portals; (iv) development of specifi c advanced products and tailored services 
based on HFR data; (v) engagement of end-users; (vi) provision and promotion of 
operational tools, assessment metrics and methodologies.
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Fig. 4. Distribution of HFR 
systems in Europe. The 
operational systems are 
plotted in green, future 
installations in yellow and 
past deployments in purple. 
Source:  https://eurogoos.eu/
high-frequency-radar-task-
team/

This fi rst step proved to be very fruitful and followed up in many initiatives in Europe. 
In 2015, a pilot action coordinated by EMODnet Physics, started a strategy for 
assembling HFR metadata and data products within Europe in a uniform way to make 
them easily accessible, and more interoperable. The EU H2020 project JERICO-NEXT, 
launched in 2015, provided procedures and methodologies to enable HFR data to 
comply with the international standards regarding quality and metadata, within the 
overall goal of integrating the European coastal observatories. In 2016, the EU H2020 
project SeaDataCloud (SDC) started contributing to the integration and long-term 
preservation of historical time series from HFR into the SeaDataNet infrastructure, by 
defi ning standard interoperable data and Common Data Index (CDI) derived metadata 
formats and Quality Control (QC) standard procedures for historical data (Corgnati et 
al., 2019b). In the same year, the Copernicus Marine Environment Monitoring Service 
(CMEMS) Service Evolution Call supported the INCREASE project, which set the bases 
for the integration of existing European HFR operational systems into the CMEMS-
INSTAC (In situ Thematic Assembly Center). At present, the EU H2020 projects 
JERICO-S3 and EuroSea are continuing these efforts for further expanding the network 
harmonization as well as the network integration and improvement, respectively.

Indeed, these integrated efforts boosted the European HFR network and enabled the 
harmonization of system requirements and design, data quality and standardization of 
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HFR data access and tools (Mantovani et al., 2020). The European common data and 
metadata model for real-time surface current HFR data was defi ned and implemented 
(Corgnati et al., 2018), compliant with Climate and Forecast Metadata Convention 
version 1.6 (CF-1.6), OceanSITES convention, CMEMS-In situ TAC requirements and 
INSPIRE directive. The list of the QC tests to be applied to HFR data was defi ned 
according to the DATAMEQ working recommendations on real-time QC and building 
on the Quality Assurance/Quality Control of Real-Time Oceanographic Data (QARTOD) 
manual produced by the US Integrated Ocean Observing System (IOOS).

Finally, the inclusion of HFR data into CMEMS-In situ TAC (Verbrugge et al., 2020), 
EMODnet Physics and SDC Data Access (Corgnati et al., 2019b) was decided to ensure 
the improved management of several related key issues as Marine Safety, Marine 
Resources, Coastal & Marine Environment, Weather, Climate & Seasonal Forecast, as 
showcased in many published Use Cases (e.g., https://marine.copernicus.eu/services/
use-cases).

3. The European HFR Node 
CMEMS-In situ TAC, EMODnet Physics and SDC operate through a decentralized 
architecture based on National Oceanographic Data Centres (NODC), Production Units 
(PUs) organized by region for the global ocean and the six European seas and a Global 
Distribution Unit (DU). HFR data are in situ gridded data in time (big data), therefore 
the standard in situ data management infrastructures must be organized and adapted 
to allow INSTAC PUs, other CMEMS Thematic Centres (TAC) and Marine Forecasting 
Centers (MFC) to effi ciently manage this type of data. Given the importance of HFR 
data type and the diversity with the already available data streams and quality check 
procedures, the implementation of the HFR data stream must come together with the 
development of a centralized European competence and assembly centre.

To face these challenges, the European HFR Node was established in 2018 by AZTI, 
CNR-ISMAR and SOCIB, under the coordination of the EuroGOOS HFR Task Team, 
as the focal point and operational asset in Europe for HFR data management and 
dissemination, also ensuring the connection with the Global HFR network. The mission 
of the Node is: (i) to be a data management centre dedicated to link all the available 
data providers and collect HFR data; (ii) to develop and share the software tools for 
HFR data harmonization, documentation and best practices for HFR operations; (iii) to 
apply data processing, both in real time and delayed mode, and create catalogs of 
HFR data compliant with the requirements of CMEMS-In situ TAC, EMODnet Physics 
and SDC. Its implementation is based on a hierarchical infrastructure to facilitate 
management and integration of any potential data provider according to a simple 
and highly effective rule: if the data provider can set up the data fl ow according the 
defi ned standards, the HFR central node only checks and distributes the data. If the 
data centre cannot setup the data fl ow (because of lack of experience, technical 
capacity, etc.), the HFR node harvests the data from the provider, harmonizes and 
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formats these data and makes them available. In fact, the architecture of the Node 
is based on a centralized database, fed and updated by the providers (supported 
by the Node) via a webform (http://150.145.136.36). The database contains updated 
metadata of the HFR networks and the needed information for processing/archiving 
the data. The guidelines on how to set the data fl ow from HFR providers to the EU HFR 
Node are thoroughly described in Reyes et al., (2019).

The EU HFR Node became fully operational in December 2018 by providing tools 
and support for standardization to the HFR operators and in distributing standardized 
and quality-controlled Near Real Time (NRT) and delayed-mode HFR radial and 
total current data towards the major European Marine Data Portals. In the European 
framework, the EU HFR Node is now managing data from 12 HFR networks (built of 42 
HFR sites, representing almost 40% of the European Network), as shown in Figure 2, 
belonging to 8 countries included in 3 different ROOSes (i.e., MONGOOS, NOOS 
and IBIROOS), from two diverse HFR system types (i.e., Direction Finding and Phased 
Array), being most of them permanent installations. By end 2021, it is expected to 
manage 20 networks (i.e., 50 HFR sites). Additionally, the EU HFR Node implements 
since June 2020 the integration and distribution of Global data on the aforementioned 
platforms, using the US network as a pilot case (see Figure 2).

Fig. 4. Distribution of HFR systems managed by the European HFR Node.

References
Abascal, A. J., Castanedo, S., Medina, R., Losada, I. J., and Álvarez-Fanjul, E. (2009). 
Application of HF radar currents to oil spill modelling. Mar. Pollut. Bull. 58, 238–248. 
doi: 10.1016/j.marpolbul.2008.09.020

D. E. Barrick, ‘Extraction of wave parameters from measured HF radarsea-echo 
Doppler spectra,’ Radio Sci., vol. 12, no. 3, pp. 415–424,1977

Barrick, D. E., Evans, M. W., and Weber, B. L. (1977). Ocean surface currents mapped 
by radar. Science 198, 138–144. doi: 10.1126/science.198.4313.138



472 ADVANCES IN OPERATIONAL OCEANOGRAPHY

Barth, A., Alvera-Azcárate, A., and Weisberg, R. H. (2008). Assimilation of high-
frequency radar currents in a nested model of the West fl orida shelf. J. Geophys. Res. 
003113, C08033. doi: 10.1029/2007JC004585

Breivik, O., and Saetra, O. (2001). Real time assimilation of HF radar currents into a 
coastal ocean model. J. Mar. Syst. 28, 161–182. doi: 10.1016/s0924-7963(01)00002-1

Corgnati, L.; Mantovani, C.; Novellino, A.; Rubio, A. and Mader, J. (2018) Recommendation 
Report 2 on improved common procedures for HFR QC analysis. JERICO-NEXT WP5-
Data Management, Deliverable 5.14, Version 1.0. Brest, France, IFREMER, 82pp, 
(JERICO-NEXT-WP5-D5.14-V1.). DOI: http://dx.doi.org/10.25607/OBP-944

Corgnati, L., Mantovani, C., Griffa, A., Berta, M., Penna, P., Celentano, P., Bellomo, 
L., Carlson, D.F., D’Adamo, R. (2019a). Implementation and Validation of the ISMAR 
High-Frequency Coastal Radar Network in the Gulf of Manfredonia (Mediterranean 
Sea). IEEE Journal of Oceanic Engineering, vol. 44, no. 2, pp. 424-445. doi: 10.1109/
JOE.2018.2822518.

Corgnati, L.; Mantovani, C., Novellino, A., Jousset, S., Cramer, R. N., and Thijsse 
(2019b). SeaDataNet data management protocols for HF Radar data, WP9 - Deliverable 
D9.12. Version 1.6. SeaDataNet, 83pp. DOI: http://dx.doi.org/10.25607/OBP-1011

Crombie, D. D. (1955). Doppler Spectrum of Sea Echo at 13.56 Mc./s. Nature 175, 
681–682. doi: 10.1038/175681a0

Gurgel, K.-W., Antonischki, G., Essen, H.-H., and Schlick, T. (1999). Wellen radar 
WERA: a new ground-wave HF radar for ocean remote sensing. Coast. Eng. 37, 219–
234. doi: 10.1016/S0378-3839(99)00027-7

Gurgel, K.-W., Essen, H.-H., and Schlick, T. (2006). An empirical method to derive 
ocean waves from second-order bragg scattering: prospects and limitations. IEEE J. 
Ocean. Eng. 31, 804–811. doi: 10.1109/JOE.2006.886225

Gurgel, K.-W., Dzvonkovskaya, A., Pohlmann, T., Schlick, T., and Gill, E. (2011). 
Simulation and detection of Tsunami signatures in ocean surface currents measured by 
HF radar. Ocean Dyn. 61, 1495–1507. doi: 10.1007/s10236-011-0420-9

Heron, M., and Rose, R. (1986). On the application of HF ocean radar to the observation 
of temporal and spatial changes in wind direction. J. Oceanic Eng. 11, 210–218. doi: 
10.1109/JOE.1986.1145173

Kirincich, A. (2016). Remote sensing of the surface wind fi eld over the coastal ocean 
via direct calibration of HF radar backscatter power. J. Atmos. Oceanic Technol. 33, 
1377–1392. doi: 10.1175/JTECH-D-15-0242.1

Lipa, B. J., Barrick, D. E., Bourg, J., and Nyden, B. B. (2006). HF radar detection of 
Tsunamis. J. Oceanogr. 62, 705–716. doi: 10.1007/s10872-006-0088-9



473ADVANCES IN OPERATIONAL OCEANOGRAPHY EXPANDING EUROPE’S OBSERVING AND FORECASTING CAPACITY

Mantovani, C., Corgnati, L., Horstmann, J., Rubio, A., Reyes, E., Quentin, C., Cosoli, 
S., Asensio, J.L., Mader, J. and Griffa, A. (2020). Best Practices on High Frequency 
Radar Deployment and Operation for Ocean Current Measurement. Front. Mar. Sci. 
7:210. doi: 10.3389/fmars.2020.00210

Maresca, S., Braca, P., Horstmann, J., and Grasso, R. (2014). Maritime surveillance 
using multiple high-frequency surface-wave radars. IEEE Trans. Geosci. Remote Sens. 
52, 5056–5071. doi: 10.1109/tgrs.2013.2286741

Paduan, J. D., and Rosenfeld, L. K. (1996). Remotely sensed surface currents in 
Monterey bay from shore-based HF radar (coastal ocean dynamics application radar). 
J. Geophys. Res. Oceans 101, 20669–20686. doi: 10.1029/96JC01663

Paduan, J. D., and Shulman, I. (2004). HFR Data Assimilation in the Monterey Bay Area. 
J. Geophys. Res. 109:C07S09. doi: 10.1029/2003JC001949

J. D. Paduan and L. Washburn, ‘High-Frequency radar observations ofocean surface 
currents,‘ Annu. Rev. Mar. Sci., vol. 5, pp. 115–136, 2013.

Ponsford, A. M., Sevgi, L., and Chan, H. C. (2001). An integrated maritime surveillance 
system based on high-frequency surface-wave radars. Operational status and system 
performance. Antennas Propag. Mag. 43, 52–63. doi: 10.1109/74.979367

Reyes, E., Rotllán-García, P., Rubio, A., Corgnati, L., Mader, J., and Mantovani, C.
(2019). Guidelines on how to sync your High Frequency (HF) radar data with the 
European HF Radar node (Version 1.2), Balearic Islands Coastal Observing and 
Forecasting System, SOCIB, doi:10.25704/9XPF-76G7, 2019.

Roarty, H., Cook, T., Hazard, L., George, D., Harlan, J., Cosoli, S., et al., (2019). 
The global high frequency radar network. Front. Mar. Sci. 6:164. doi: 10.3389/
fmars.2019.00164

Rubio, A., Mader, J., Corgnati, L., Mantovani, C., Griffa, A., Novellino, A., et al.,
(2017). HF radar activity in european coastal seas: next steps toward a pan-European 
HF radar network. Front. Mar. Sci. 4:8. doi: 10.3389/fmars.2017.00008

Sciascia, R., Berta, M., Carlson, D. F., Griffa, A., Panfi li, M., La Mesa, M., Corgnati, 
L., Mantovani, C., Domenella, E., Fredj, E., Magaldi, M. G., D’Adamo, R., Pazienza, 
G., Zambianchi, E., and Poulain, P.-M.: Linking sardine recruitment in coastal areas 
to ocean currents using surface drifters and HF radar: a case study in the Gulf of 
Manfredonia, Adriatic Sea, Ocean Sci., 14, 1461–1482, https://doi.org/10.5194/os-14-
1461-2018, 2018.

Shen, W., Gurgel, K. W., Voulgaris, G., Schlick, T., and Stammer, D. (2012). Wind-
speed inversion from HF radar fi rst-order backscatter signal. Ocean Dyn. 62, 105–121. 
doi: 10.1007/s10236-011-0465-9



474 ADVANCES IN OPERATIONAL OCEANOGRAPHY

Ullman, D. S., O’Donnell, J., Kohut, J., Fake, T., and Allen, A. (2006). Trajectory 
prediction using HF radar surface currents: monte carlo simulations of prediction 
uncertainties. J. Geophys. Res. 111:C12005. doi: 10.1029/2006jc003715

Verbrugge, N., Etienne, H., Boone, C., Mader, J., Corgnati, L., Mantovani, C., 
Reyes, E., Rubio, A., Rotllan, P., Asensio, J.L., Carval, T. (2020). Copernicus 
in situ NRT current product user manual (PUM). CMEMS-INS-PUM-013-048. 
https://doi.org/10.13155/73192

Wyatt, L. R. (1990). A relaxation method for integral inversion applied to HF radar 
measurement of the ocean wave directional spectrum. Int. J. Remote Sens. 11, 1481–
1494. doi: 10.1080/01431169008955106




