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- Empirical estimates of waveheight and period from single
radars;

- Short-wave direction using ML method;

. Integral inversion for directional spectrum S(k) to a radio-
frequency dependent maximum ocean wave frequency (~0.2Hz
at 6MHz, 0.38Hz at 25MHz) ~1min for 600 measurement cells;

- Waveheight, period, direction etc determined from S(k) using
standard methods, also including:

Wave power: ng‘Cg (f)S(f)df
Energy Period: Te="2  where m, =js(f)f”df
Mg
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Short wave direction and spread

radar black line and gray shading; buoy red line and dashed shading

shortwave direction and spread
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Shortwave direction

(used for wind direction estimation)
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Impact of high seas on coverage for wave
measurement

Data kindly
supplied by
SHOM from
their WERA
system
operated
by Actimar

high waves (usually moderate waves
shorter range)
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14 - HF radar wave measurement

. . works best in the darker regions
120 § so waveheight limited at high

i 5 | | | radio frequencies

[y

with low waveheight limits for

- accurate direction and

frequency information (empirical)

signficant wavehelght, m

- waveheight (spectral peak
beyond inversion region)

- any wave or wind measurement
(1%t order Bragg waves not wind-
driven)

13 20
Frequency, MHz
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system

An example of a low wave environment measured at 12MHz. There is a
radar (black) cut-off at 0.5-1m height and 4.5s period.
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High sea ~5m
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Radar data provided by Neptune Radar Ltd from their Pisces system
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High sea > 6m
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Data obtained during the EuroROSE experiment with a WERA system
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Improving performance in high seas

25MHz WERA waveheight using approximation of
comparisons Creamer et al / Janssen
formulation of 2"d order wave

Using Barrick-Weber
formulation of 2nd
order spectrum :

spectrum.

We are working
towards a full
implementation

Eadar Hs (m)

Eadar Hs (m)

o T T T T T Buoy Hs (m)

o] 1 2 3 4 ] 3

Buoy Hs ()
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Powar in dB
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Impact of antenna sidelobes

Data kindly supplied by SHOM from their WERA system operated by Actimar
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Need for longer averaging

25t September 2004 09:05

Data from Miami WERA Data from the increased average
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HF radar wave measurement - constraints

 High waveheights cannot be measured with high radio frequencies
(needed for high spatial resolution and interference avoidance), aiming to
extend waveheight range using Creamer et al/Janssen formulation,
preliminary results encouraging, yet to be fully implemented.

e Low waveheights cannot be measured with low radio frequencies (needed
for long range and high sea measurement).

e Range and coverage not fixed - depends on radio frequency, interference
environment, shipping, waveheight.

Solution is to use a radar capable of operating over a range of radio
frequencies with automated waveheight monitoring. Noise reduction
and automatic clutter suppression also being developed.

e Phased-array radars need to maintain low sidelobe levels for good quality
wave measurement.

= Averaging radar data over 20 minutes or more is needed
- now implemented on some systems.

ROS2011, Lerici, Italy, October 2011
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Data Assimilation of radar partitioned spectra -
PhD work of Jennie Waters

Assimilation
schemes used
either mean or
partitioned spectral
parameters from

- buoy data at 4

- radar data at 4

- radar data at
1,2,4,5,6,7,8,9

Validated at buoys
4, TB, M5, FS1, SI

ROS2011, Lerici, Italy, October 2011
24/32



&AW The
fﬂ% University
G Of

7" Sheffield. SEAVIEW

S ENSING

Data Assimilation of radar partitioned spectra -
PhD work of Jennie Waters

Buoy, radar and model spectra are
partitioned using steepest ascent

E : E, : method (Hasselmann et al,
= " Voorrips et al, Hansen and Phillips)
Iml; l:-.;IL a1 LR E] I:..t :I.I! I“:l:. (3] [ R AT :IE 132 0a With Criteria for Combining and
Fraspuarsy' {HT) Frecquaney (HI) . . .
SWAN Wi discarding partitions based on work

of Hasselmann et al, Hansen and
Phillips.

3 {degreas |
i3 {degreas )

Partitions have to be cross-
e g aw oo o assigned for assimilation,
| sometimes difficult.
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Data Assimilation of radar partitioned spectra -
PhD work of Jennie Waters
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Example showing
Impact on spectra of
different assimilation
schemes

Hs stats at M5

Mean Error - EMSD Correlation
M5 Loc
No Assimilation 0.3079 0.5087 0.8683
Buoy M1 0.2758 0.4346 0.9096
Radar MP2 0.2064 0.4738 0.9003
Buoy PIP1 0.2004 0.3528 0.9376
Radar P12 0.1835 0.3531 0.9266
All Radar MP3 0.0783 0.3848 0.9197
All Radar PIP3 0.0514 0.3253 0.9363
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5t April 2011 12:00GMT from University of

Plymouth WERA system
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»= wind direction Arrows showing direction are plotted at every other

measurement position for clarity.
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Norway 27MHz power comparisons

_ H I | . i power kW/m
1s0f- . cc: 0.92 1 e
- rms:12.2 kW/m 1 e
%E" 100 - 1, il ¢ :
— = 1 A
5 i adl
2 T 7 o
WERA = | y
_ 0
buoy uw . 0 50 buoymo 150
16/03/00 21/03/00 EEFDISIOD
T T T T T T T T T T T T TE s
14| -1 200 R
12f 4
10} 1 . .
" 1§
w SNCA T i
" e T |
4: ] .
- cc: 0.91 ] 0o 5 10 15 20
al ] ] uoy
oF rms: 0.68s
16/03/00 21/03/00 26/03/00

ROS2011, Lerici, Italy, October 2011

28/32



The
University
/e Of
% Sheffield.

Spatial
variation in
4 month
average
wave power
kW/m

(buoy)

Neptune Radar Ltd Pisces,
Celtic Sea data

funded by DEFRA/Met Office.
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Spatial
variation in
4 month
average
directional
distribution
of wave
power

(buoy)

Neptune Radar Ltd Pisces,
Celtic Sea data

funded by DEFRA/Met Office.

Cefas buoy.
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SUMMARY

e Clear evidence of spatial and temporal
variability in wave properties;

e Long term measurements with wavebuoys can
characterise the temporal variability (but

sometimes fail and need weather windows for
repair/recovery);

e Good quality data from HF radar can
characterise the spatial and the temporal
variability. Measurement limitations have been
Identified and are being addressed.
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Thank you for your attention

Thanks to all who have provided and processed data for this work

For more information visit www.seaviewsensing.com
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