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Metocean data & decision making
Metocean data are crucial in decision making at 
all stages of all offshore developments:

• Site selection
• Initial scoping
• Zonal and sub-zonal characterisation
• Environmental impact / coastal processes
• Design
• Construction
• Operations and maintenance



Working at sea – weather windows
Weather windows are elusive and hard to pin down. 

• The question: Is it workable? Is not easily answered.
• The meteorological and oceanographic conditions at site are often 
complex and hard to predict accurately. 
• Site specific weather forecasts are improving but when a decision 
is required and the forecast is inconclusive how do you decide? 
• Do you always err on the side of caution?

Real data can make a real difference.



Working at sea – weather windows
But it has to be:

• The right data
• In the right format
• At the right time
• To the right person



Oil & Gas installations offshore
The oil and gas industry have been installing structures offshore in the North 
Sea for nearly 40 years. Their experience should inform how the Renewable 
Energy industry moves into the next phase.

• Wave, tide, current and meteorological conditions directly affect operations. 
• Wave data are particularly complex and will therefore be the focus for this talk.



An example project - North Sea
The client was attempting to collocate a 
Platform and a Jack Up Rig in the northern 
North Sea.
• Work delayed by 300 days as if swell 
predicted operations were halted.

• Required a system for monitoring sea conditions 
and separating waves by period in real time. 

• Emu installed a wave rider buoy with 2 
parallel receiver stations, with a bespoke 
web site.

• System installed and running within 7 
days of initial approach.

• Work allowed to go ahead within 1 
month of installation.

• Direct savings in excess of £2 million.

• Potential savings of in excess of £50 million.



Wave Measurement Devices:
Surface following buoys:
Advantages: 
• Relatively simple to install,
• Telemetry via radio, GSM or satellite,
• Directional data.

Disadvantages: 
• Require regular servicing,
• Moorings susceptible to 
damage,
• Buoys can go off station and 
can thus be lost.



Wave Measurement Devices:
Measurements from fixed structures:
Advantages: 
• Power from mains possible,
• Telemetry via cable, radio, GSM or satellite,
• Hard to lose.

Disadvantages: 
• Non-directional,
• Interference from structure,
• Expensive to install.



Wave Measurement Devices:
Seabed mounted equipment:
Advantages: 
• Simple to install,
• Additional parameters such as tide, 
current and suspended sediment,
• Can be invisible at surface.

Disadvantages: 
• Power either from battery packs 
or via cable, 
• Require regular servicing,
• May need divers to recover,
• Can be susceptible to trawling.

Telemetry options to the surface:
• Cable from the seabed,
• Acoustic modems,
• Underwater radio modems.
All have potential problems.



What is measured?
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All wave measurements are based on:

• A time series of surface 
elevations.

• Two sets of horizontal 
measurements either horizontal 
accelerations or horizontal 
current velocity measurements.

Everything else is a statistic!



What is reported?
Parameter 
Name

Abbreviation Definition

Significant 
Wave Height Hs

Any of: Mean of the largest third of the waves, 4 x Standard Deviation of the sea surface 
elevations, 4 x M0

½

 

from the spectral analysis or wave height exceeded by 13.5% of all waves 
in a record.

Maximum 
Wave Height Hmax

Any of: The largest observed wave from trough to peak, the largest wave based on the 
probability of a single event of a pre defined period during the

 

interval between records or a 
multiple of the significant wave height

1% 
Exceedence

 

level
H1% Wave height exceeded by 1% of all waves in a record

Spectral 
Moment Mn Mn

 

= spectral moments vary from -5 to +5 usually, M0 equivalent to the variance

Zero Up 
Crossing 
Period

Tz The average period between waves cross the mean in an upward direction

Peak Period Tp Wave period corresponding to the spectral peak

Mean Period Tm Mean period of the waves, can be the burst length divided by the

 

number of waves

Significant 
Period Ts Period associated with the significant wave height

Peak coming 
direction Dp Wave direction corresponding to spectral peak

Spreading Sp Directional spread corresponding to spectrum peak

Mean coming 
direction Dm Mean wave direction, various definitions

Total energy E Total energy in the wave burst

Spreading 
Factor φ Multiple used to reduce the in line current stresses to take account of directional spreading



But remember what is measured
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All wave measurements are based on:

• A time series of surface 
elevations.

• Two sets of horizontal 
measurements either horizontal 
accelerations or horizontal 
current velocity measurements.

Everything else is a statistic!



Theoretical wave motion



Theory versus reality

Theory based on sine waves, 
reality is random wave shapes.

Theory treats crests as 
continuous, reality is crests are 
short other than on beaches.



Wave processing approaches
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Deterministic processing:
• Parameters derived directly from the time 
series data for example significant wave 
height derived from the standard deviation 
of the surface elevations.
• Processing using deterministic approach 
produces values rapidly and simply.
• Very useful for a rapid updating 
automated system and for verifying 
spectrally derived parameters.

Spectral processing:
• The wave data are passed through 
a spectral analysis routine to divide 
the energy into differing periods (or 
frequencies).
• Industry standard approach based 
on Fourier Analysis.
• Highly versatile – can derive 
multitude of parameters.
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Simplified wave processing
Wave processing is complex, to extract the required
parameters can require pages of mathematical algorithms.

To make data available online extensive processing via robust 
proven systems is a requirement, the data must be RIGHT.



Spectral Processing
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The Maths:
Wave data broken down into Fourier series in 3 dimensions:

First horizontal component

Vertical component

Second horizontal component

Understanding the wave spectra can save money and reduce risk. Vessels 
have been damaged due to the wave periodicity.



Example spectra

This system is now being used throughout the South of England for coastal 
defence as well as by Offshore Wind Farm developers.



2 D wave spectra
Client Figure 3801Directional Wave Spectral Analysis

Job Name
Datawell DWR MkIIIPosition: Latitude: XX° XX.XXX' N, Longitude: XXX° XX.XXX' W Site Depth: 100m

Serial No.: 30554Deployed: 05:25 19/04/2009, Recovered 06/08/2009

Emu Limited Oceanographic Section Job No: J/1/01/XXXX

Two Dimensional Wave Energy Spectrum for 08:56 06/07/2009
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Wave Statistics for 08:56 06/07/2009

Zeroth Spectral Moment:                0.052m²
Significant Wave Height:                  0.92m
Maximum Wave Height:                   1.25m

Peak Period:                                 9.1s
Zero Up Crossing Period:                6.8s
Mean Coming Direction (°T):          76.8°
Peak Coming Direction (°T):          97.0°
Directional - Peak Direction (°T):     108.0°

1

Primary Zeroth Spectral Moment:   0.048m²
Primary Significant Wave Height:     0.88m
Primary Peak Period:                     9.1s
Primary Peak Direction:                 108°

2

Secondary Zeroth Spectral Moment: 0.003m²
Secondary Significant Wave Height:   0.23m
Secondary Peak Period:                    5.3s
Secondary Peak Direction:                280°

Understanding the short period wave direction saved a developer 
approximately £2 million in construction costs.



Direction (°T)
True North

Direction (°T)
True North

Peak Period (s)
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Significant Wave Height (m)
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Wave height, period and direction

Understanding the complexities of your site can save money, save time and 
reduce risk.



What does it all mean?
Observed local wave conditions at any site = More than 
one wave train 

Therefore the wave statistics describing the overall wave 
climate may not give the full picture. 

Splitting the wave spectrum into its “sea” and “swell” 
components highlights the proportion of energy 
attributable to the most damaging types of waves. 

Assists in:
• Design criteria
• Health and safety
• Planning and logistical support
• Forecasting

Examples of the parameters which may be derived 
include:

• Total/Swell/Wind Zeroeth Spectral Moments
• Primary Swell/Wind Significant Wave Height
• Primary Swell/Wind Peak Period
• Primary Swell/Wind Peak Period Direction



Oceanographic and meteorological
Instrumentation must be:

• Installed properly,
• Serviced regularly,
• Supported,
• Understood.

Emu’s bespoke software:
• Collation,
• Processing,
• Quality control,
• Interpretation,
• Presentation,
• Dissemination.

Making the data work

Water Quality 
Seabed 

Water Quality 
Surface

Flow Monitor

Acoustic telemetry to 
surface

RS232 Data transfer

Radio telemetry

Radio Modem

Instrumentation

Remote 
Shore 
Based 
Computer

Data Telemetry RS422 to RS232 
Signal Converter

RS422 Serial 
Telemetry

RS232 Data transfer

EMU Limited Remote 
Monitoring Software 

“ERMS”

Real Time Display
“EMU DataVis”

Data Package 
“EMU DataHub”

Data Backup
“EMU DataHub”

Client Web Server - Primary 
Data & Web Display

Emu Limited Backup 
Data Server

Data transfer by FTP via ADSL connection

Internet 
Servers

Email and SMS Text message warnings to 
Emu Duty Personnel and Client

Acoustic Modem

Client focused data interaction:
• Tables,
• Graphs,
• Statistics,
• Spectra,
• Maps,
• Whatever is needed!



Data display & interaction
Metocean data interfaces design to client centric.



Real-time 24 hours monitoring
Real time Quality Control monitoring is essential.



It is vital to understand your environment, from all angles.
If suppliers and developers work in partnership better results are achieved.
Make certain the data answers the question, client focused development.
Metocean data is complex and easily misunderstood, seek advice.
Real data can make a real difference.

So what have we learnt?

Make certain it is the:
• The right data – the data answers the questions being asked,
• In the right format – present the data in an appropriate way,
• At the right time – deliver the data in a time frame that supports the decisions,
• To the right person – data must be available to decision makers at all times.
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Thank you for your time.
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