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Abstract—The use of HF radar systems located on the coast to
measure ocean surface waves and currents is reviewed. Examples
are given showing temporal, spatial and directional variability in
the wave and tidal power resource. HF radars are unique in being
able to provide such data continuously and over wide areas of
sea where marine renewable installations are being considered or
already in place. Two projects just getting underway at the time of
writing are described. One will use HF radar to provide current
and wave data for a French tidal stream power application and
the other is aimed at supporting the Welsh Wave Hub site whilst
also exploring methods to improve the robustness of the HF radar
wave measurements.

Index Terms—HF radar, wave directional spectrum, surface
current, power, direction.

I. INTRODUCTION

Wave and tidal power installations need information about

the available resource and its temporal, spatial and directional

variability in order to optimise siting decisions. The same

information is also needed for monitoring performance of

devices and for ensuring safe installation, testing and opera-

tions. Wave buoys and ADCPs provide very useful information

for these applications but, unless they are deployed in large

numbers, cannot provide information about spatial variability.

Satellite measurements are not continuously available at indi-

vidual coastal locations and anyway do not provide sufficient

information for detailed resource assessment studies. X-band

radars can provide some continuous spatial information over

ranges up to a few km from the radar although there are some

limitations when it is raining. Suitably configured, phased-

array [1] HF radars can provide wave measurements to over

100km, and surface currents to over 150km from the coast

with spatial resolutions of typically 3-7 km down to 1km at

shorter ranges [2], [3], [4]. The most commonly used radar

system is the US CODAR Seasonde [5] which provides surface

currents over wide ranges but, because it uses a more compact

antenna than a phased-array radar, wave measurements [6]

are limited to a region close to the radar sites. HF radars

also have the advantage that they are normally located on the

coast and thus much more easily accessible for maintenance

and repairs than an instrument deployed offshore. The ability

to measure both waves and currents simultaneously provides

very useful information for renewable system designers and

for siting decisions.

The use of HF radar for marine renewable applications

has been discussed at previous EWTEC conferences [7], [8]

and systems are now beginning to be deployed with this

application as the main focus [9]. In this paper the technology

will be reviewed, measurements demonstrating the capability

presented, and two new deployments discussed, one for a

tidal stream power application, the other for a wave power

application.

II. HF RADAR CAPABILITIES

A. Current power

HF radar is now a well-accepted technology for surface

current measurement and is an important part of many op-

erational oceanographic measurement networks ( [4], [10],

[11], [12]). Current measurements are made from the Doppler

shifts of the dominant peaks in the power spectrum of the

radar signal which are induced by the movement of surface

waves with half the radio wavelength. Linear ocean wave

theory makes it possible to separate the ocean wave phase

speed from any underlying current. However the radar is only

measuring the surface current so, except in very well mixed

seas, cannot provide exact estimates of current power at depth.

It can however measure surface currents over a wide area and

thus provide guidance for siting of tidal stream devices. In

addition the co-spatial co-temporal wave measurements will be

important for assessing survivability of devices and providing

operational guidance.

Fig 1(a) shows surface current power measurements made

with a Pisces HF radar [2] in the Celtic Sea during an

operational trial from Dec 2003 to June 2005. The dominant

tidal semi-diurnal and spring-neap cycles are clearly seen.

To emphasise the joint wave/current measurement capability,

Fig 1(b) shows the wave power measured at the same time

and place.

B. Wave power

Non-linear ocean wave-wave interactions generate waves

that are also half the radio wavelength. These travel at different
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Fig. 1. (a) Surface current power; (b) wave power measured with the Pisces
HF radar in the Celtic Sea compared with a directional waverider buoy

speeds from the linear waves and generate a lower ampli-

tude signal over a range of frequencies in the radar power

spectrum. In addition there are non-linear electromagnetic-

ocean wave interactions generating responses although these

are even lower in amplitude and thus less important over the

range of frequencies that are used for wave measurement.

These two mechanisms are described by a non-linear integral

equation which can be inverted to obtain the ocean wave

directional spectrum [13], [14], [15], [16]. Two examples of

comparisons of Pisces radar measured directional spectra with

those obtained from a directional waverider are shown in

Fig 2. It should be noted that the buoy is not measuring the

full directional wave spectrum, it only measures the first five

Fourier coefficients at each frequency. In this example the buoy

spectra are obtained from the Fourier coefficients using a max-

imum likelihood method (MLM) [17]. Fig 2(a) is an example

showing a wind-sea broad in both frequency and direction.

The radar spectrum also includes a low frequency/high period

(a)

(b)

Fig. 2. Comparisons of Pisces radar and wavebuoy directional spectra. In
each panel, top left is the energy spectrum, bottom left the mean direction,
top right the radar directional spectrum and bottom right that of the buoy. The
horizontal axis is period in each case. Log scales are used for the energy and
directional spectra.

component between 15 and 20s and 200◦ not seen in the buoy

spectrum. Spurious low frequency features are fairly common

in the radar measured spectra and are due to ship signals,

current shears and/or antenna sidelobes. Methods to reduce

the impact of these sources of noise are being developed. Of

course it is also true that buoy measurements can sometimes be
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Fig. 3. Maps of (a) wave power and peak direction map measured with
University of Plymouth HF radar (at sites indicated with �) at Wave Hub
(black circle), (b) energy period and (c) current power all measured at the
same time 05/02/2012 at 03:00. The Wave Hub location is indicated with �.
Data provided by Daniel Conley, University of Plymouth

unreliable at low frequencies. The second example, Fig 2(b),

shows a spectrum bimodal in frequency, with a larger swell

contribution, but with little variation in direction. Apart from

the obvious high period issue, in both cases the spectra are in

good agreement. In general radar-measured spectra tend to be

more spread in both frequency and direction with lower peaks

than those seen in the MLM buoy spectra.

Wave parameters, such as significant waveheight, peak

direction, wave power and energy period, can be obtained

from the directional spectrum using standard methods. Fig 1(b)

shows an example of wave power measurements compared

with a directional waverider.

Fig 3(a) shows an example of spatial variability in both

power and peak direction obtained with WERA HF radars

deployed by the University of Plymouth in connection with

Wave Hub. The radar provides a measurement of the direc-

tional spectrum at each location where there is an arrow on

the figure and wave power and peak direction are obtained

from this spectrum using standard techniques. Fig 3(b) shows

the plot of energy period, TE . For completeness Fig 3(c) shows

the surface current power measured at the same time although

this is not an area being considered for exploiting this resource.

Surface current information is useful for wave power develop-

ers as well both for survivablity of systems and for modelling

resource in regions of strong wave-current interaction. Note

that the intermittent current data along the eastern boundary

and the large values on the southern boundary of the radar

coverage are most likely contaminated by antenna sidelobes

which are a known problem at the northern radar site at this

time. Interference of different sorts can limit the range of the

coverage at certain times of day; limiting this impact is an

area of ongoing active research.

The ability to measure such information at locations such

as this over many years (this system has been in place since

2011) provides a wealth of data for statistical evaluation of the

resource and its directionality. The lower cost of system main-

tenance compared to offshore buoys ensures more continuous

data return. Another example of long-term near-continuous HF

radar data return was the deployment of a WERA system in

Liverpool Bay from 2004 to 2011 as part of the Liverpool Bay

Observatory [18].

III. PLANNED PROJECTS

A. HYD2M

Wave-current interactions can significantly modify tidal

stream estimates if they are not accounted for in resource

modelling. Information about waves is also important for

tidal stream device survivability. HYD2M is a French project

that is aiming to characterize the hydrodynamic processes

inside Raz Blanchard (between Normandy and Aldernay) and

their interactions in order to improve the tidal stream energy

estimate for this region. HF radars will be deployed in early

summer 2017 to measure both surface currents and waves to

support this project. The high current speeds with associated

strong current shears make this a very challenging region

for HF radar measurements of both currents and waves and
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some modifications to existing methods may be required.

Fig 4 shows the proposed deployment locations and anticipated

coverage for radars operating at 24MHz. Surface currents

(Fig 4(a)) can be measured over a much wider range than

waves (Fig 4(b)) because they are obtained from the so-called

first order part of the radar power (Doppler) spectrum whereas

waves are obtained from the much lower amplitude second-

order spectrum. It is expected that preliminary results from

these radars will be presented. See http://hyd2m.criann.fr/en/

for more information.

(a) surface current

(b) wave

Fig. 4. Planned HYD2M 24MHz HF radar sites and expected coverage. The
grey region, seen mostly in outline, is the area of possible tidal stream power
extraction

B. Pisces in the Celtic Sea

An area off the coast of S. Wales is being developed as a

new wave energy site by Wave Hub. http://www.wavehub.co.

uk/pembrokeshire-wave-zone. This is at the northern edge of

the region covered by the Pisces radars from 2003 to 2005

[2] and the results from that period have raised interest in

the use of this technology for wave measurements for the

Wave Hub application. Fig 5 shows the spatial variation in

power and direction measured by the radar during February

2004 and 2005 demonstrating year on year differences in the

distribution. One of the Pisces radars will be operational later

in 2017 as part of a project involving Seaview Sensing Ltd and

Neptune Radar Ltd aimed at increasing the reliability of the HF

radar wave measurements by exploiting the fact that different

radar frequencies have different responses to wave conditions.

Swansea University will be validating the wave data obtained

to establish whether they meet the requirements of wave power

developers and, if not, what the key requirements are so that

further work can be done to meet them.

(a) 2004

(b) 2005

Fig. 5. Polar histogram of February wave power in the Celtic Sea. Circles
are at 25%.

IV. CONCLUSION

The ability of HF radars to measure ocean surface waves

and currents, and hence wave and current power resource,

has been demonstrated. The spatial variability seen in the

radar measurements shows the importance of measuring at

more than one location when making siting decisions. The

projects in France and in the Celtic Sea will provide further

demonstrations of the value of data of this type for marine

renewable applications and will also be used to improve the

robustness of these data.
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