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Background

Rogue waves are wind-
generated surface waves which
are much larger than the
background waves.

What is a rogue wave?

A wave whose maximum height exceeds twice the significant wave height
(Hg or Hp,):

Hmax

> 2
H;

Rogue waves are a marine hazard

Extreme heights, steep wave fronts, and groups - no accurate forecast

2005-2021 - (Didenkulova et al., 2022)



Generation mechanisms?

Linear superposition (dispersive focussing) vs. non-linear (modulation
instability)*

Linear dispersive focussing is thought to be dominant (Christou & Ewans,
2014; Fedele at al. 2016; Hafner et al. 2021; Teutsch & Weisse, 2023)

Past research
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Dataset — Channel Coastal Observatory

Better understand coastal rogue waves (occurrence & generation mechanisms)
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Methodology

] 2 3

Preprocessing Processing Postprocessing
Combine raw data into Complete wave-by-wave Filter waves
structured netCDF format analysis and compute sea state

statistics
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Analysis

surface elevation (m)

Look for relationships between
sea states and rogue waves
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Al = 248 (Hs = 1, Hmax = 2.48) — Bideford Bay
In progress...
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Preprocessing

« 8.5 million .raw (30-min) displacement files (480 years)

* 9 million .spt spectra files

* 21% are incomplete
* 10% are missing

Meta data file
(inc. station unprocessed_data pre-proccessed data
names, depth
etc) : Station_1
Station_1 End]
station_meta )
data [.csv] Station_2 Station_2
1 - [.nc]
download_cco Stationir pre-process Station_n
Lpyl - Lpyl [nc]
Download Station Data Dot?]i(;c:]rgi?]ined
program: directories directories: Wik el Ao
compiles containing 2 o Y
archived data thousands of 30 processing imestep, wi
from the CCO minute data program meta data.
website files Handles missing

& corrupt files

BidefordBay
BlakeneyOverfalls
Boscombe
BrackleshamBay
ChapelPoint
Chesil
Cleveleys
Dawlish
Felixstowe
Folkestone
GoodwinSands
GwyntYMor
Happisburgh
Haylinglsland
Hornsea
LooeBay
Lowestoft
Milford
Minehead
MorecambeBay
Newbiggin
Northwell
Penzance
Perranporth
PevenseyBay
Porthleven
RhylFlats
Rustington
RyeBay
SandownBay
Scarborough
Seaford
StMary'sSound
StartBay
TorBay
WaveHub
WestBay
WestonBay
Weymouth
Whitby
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Processing

* Wave-by-wave analysis (Free Ocean Wave

Dataset processing tool - Hafner et al.

2021)

Running window approach (10 min, 30 min,

dynamic)

pre-proccessed_data

—_—

Station_1
Lnc]

Station_2
[.nc]

Station_n
[.nc]

Split station
files [.py]

e

FOWD

Data combined
alonga
continuous
timestep, with
meta data.
Handles missing
& corrupt files

Allows FOWD to

process station

data in parallel
& lowers RAM
requirements

Calculates sea
state & wave
parameters
using running
window
approach

Quality
Control (QC)
remove

flagged data:

CCO &
FOWD

proccessed_data

fowd_Station_1
[.nc]

fowd_Station_2
[.nc]

fowd_Station_n
[.nc]

Over 20
additional sea
state and wave
parameters
calculated,
implements QC
proceedure
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Sea state parameters

"start _time": 0.0,
"end_time": 1829.6875,
"significant wave height direct": 1.0925,
"significant_wave_height_spectral®: 1.1734,
"mean_period_direct": 7.7227,
"mean_period spectral”: 6.3043,
"maximum wave_height": 2.12,
"rel_maximum_wave_height": 1.8067,
"skewness": 0.0495,
"kurtosis": 0.2568,
"valid_data_ratio": 1.0,
"peak wave period": 15.8922,
"peak wavelength": 393.0131,
"steepness”: 0.0066,
"bandwidth_peakedness": 0.1962,
"bandwidth_narrowness": 0.905,
"benjamin feir index peakedness": 0.0254,
"benjamin_feir index narrowness": 0.0055,
"crest_trough_correlation": 0.699,
"energy_in_frequency_interval": [

10.4343,

633.7447,

120.9921,

99.3144,

244.8272

1.
"rel_energy_in_frequency_interval”: [
0.0121,
0.7331,
0.14,
0.1149,
0.2832

Wave spectrum

Wind sea
44s

Wave parameters

"start time": 1782.8125,
"end_time": 1800.0,

"id local": 0.0,
“zero_crossing_period": 16.4193,

“zero_crossing_wavelength": 418.8372,

"maximum_elevation_slope": 0.768,
"crest_height": 1.22,
“trough_depth": =1.31,
"height": 2.53,
“ursell number”: 0.0555,
"raw_elevation": [

0.41,



Postprocessing

Filters:

1.

Hs less than T m

Mean period less than 5 s (Nyquist
frequency)

Relative energy of low frequency
band exceeds 10% of the total
energy

0 Waves removed (low swh) " Waves removed (drifting) 0 Wave removed (undersampled) N \Waves passed
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Initial results

WAVE PROCESSED REMAIN AFTER

FILTERING
2.37 bn 5%
& —_—
Across 38 120 million
stations waves

ROGUE WAVES

9,436

—_— G

1in 13,000
waves are
rogue
1in 3,000 (linear theory)
11in 8,000 (James & Panchang, 2025)
1in 15,000 (Hafner et al. 2021)



Temporal analysis
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Analysis

Rogue wave probability map (showing stations with >100 rogue waves)
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/ Summary \ / Future work \

- 11in 13,000 waves are rogue (Al>2) - Temporal evolution of parameters

- 13 sites with over 100 rogue waves - Look for other predictors

- Most data on SW coast - Stratify data by region, wave
conditions

- Crest-to-t

strong pre Thank you fOI‘ IIStenlng

[ N

Further analysis & write-up in progress... (full & filtered processed dataset will be published)






Extra slides...




Challenges (1)

High frequency radar transmission (from wave
buoy to receiver) can result in missing data.
Solution: These files with missing data are
replaced with NaN values.

Example of corrupt raw data (Felixstowe 01-02/01/2021)
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Challenges (2)

A common issue with raw data from the Datawell Waverider buoys is the filter artefact
Solution: We attempt to remove these data points in QC
... However, some remain in the processed data.

Filter response (Scarborough 01-13-2017)
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Progress timeline

Oct Nov Dec Jan Feb

Initial development/planning Web scraping and parallelisation (Bangor eResearch team)

Future

Mar Apr May Jun Jul Aug
Test runs on SCW. Downloaded entire CCO archive &
Pre-processed data

Sep

v

Pre-processing

. Processing (FOWD)
. Post-processing (FOWD)
. Analysis

miro
. Write-up



An investigation of rogue waves in UK coastal waters (James & Panchang,
2025)

- Data spanned from 2014.01 - 2020.12

- Sea state parameters are calculated from the preceding 30-minute sample. Then the probability of a
rogue wave occurring in the next sample is used.

- No wave-by-wave analysis
- Found 1 in 8,000 waves were rogue

- Found that relative depth is a strong predictor — we did not find this to be true in our analysis.



Perranporth tidal test — ran a harmonic prediction from 30 model timeseries

tidal_elev
10*3 =

tidal_mag
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sea_state_30m_rel_energy_in_frequency_interval_2 i
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