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Directional (2D) 

Wave Spectrum

Typically reduced to 

Bulk Statistics:
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•Significant Wave Height

•Peak Period

•Mean Direction



Wave System

An evolving series of wave 

components traced to a specific 

wind generation event
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A Few Definitionsé

A specific wind sea or swell 

attributed to a region of 

enhanced spectral energy

Wave Component

Station 51028

1200z 09 November 2000

Windsea

Swell 1

Swell 2

Swell 3



Storm Source Estimation: 

Wave Dispersion

Great-Circle Propagation
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Distance traveled and origination time are 

obtained from 

the f(t) slope and 

intercept.
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Wave energy travels at the Group Velocity

Distant Storm Observed Swell

Wave Dispersion



The Wave Data Challenge

How to get the wave system information out of 

conventional wave data? 
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The use of bulk statistics…

…throws out the   

details!



Ocean Wavefield 

Analysis Tools

•State-of-the-art technology 

•Science and engineering applications

Objectives

Approach
•Industry-specified development 

•Proven methods –15 years of application

Users
•Offshore Industry

•Government Labs

•Consultants

•Academic Institutions

Partners
•Nortek

•OceanWaveS

•The Mathworks



Software Modules

•Data Flow

•Error Checking

Controller

•Interactive graphics

•plot and movie export

Data View

Data Utilities
•Edit

•Subset, Interpolate

•Wave system analysis

•Vector history displays

Wave Systems



•Custom model fits

•Interactive Tuning

Spectral Fit
•Sea State History

•Statistical Tables

Sea State

Software Modules

•Automated and

•Batch Processing

AutoWaves

•Swell Source Map

•Great-Circle Routes

Swell Map
•Data Flow

•Error Checking

Controller

•Interactive graphics

•plot and movie export

Data View

Data Utilities
•Edit

•Subset, Interpolate

•Wave system analysis

•Vector history displays

Wave Systems



Data Preparation

•Data management utilities

•Interpolate f, theta resolution

•Record smoothing 

•Record sub-sampling

•Data subset and append

Data Utilities

Data Import
•Most instruments: AWAC, Aquadopp, Vector, 

Datawell, TRIAXYS, Wavescan, WaMoS II…

•WaveWatch III, SWAN and CDIP

•NDBC and NODC Automatic download

•NetCDF archives

•Winds (import or estimate)



Windsea and Swell Partitioning

J. Hanson

WaveForce Technologies

•User-specified time window 

•Forward-and-back boundary 

adjustment   

•Smoothly evolving wave 

components

Trend Analysis

•Watershed partitioning algorithm 
(Hanson and Phillips 2001)

•Iterate to max number of  systems   

(Portilla et al 2008)

•Windsea identification -directional 

wave age

•Total energy conserved

Sea and Swell SeparationDirectional Wave Spectrum

Windsea

Swell 1

Swell 2



Cross-Shore Wave/Current Array

US Army Corps of Engineers / Field Research Facility (FRF)

FRF Pier 

Duck, NC



2009 Wave Record
FRF 11-m AWAC

Wave Height (m)

Wave Period (s)

Wave Direction (Deg T)

Summer Swell



Summer Swell Wave Record 
FRF 11-m AWAC

May-June 2009

Wave Height (m)

Wave Period (s)

Wave Direction (Deg T)



Summer Swell Wave Spectra 
FRF 11-m AWAC

May-June 2009



Summer Swell Evolution 
FRF 11-m AWAC

May-June 2009



June 2009 Swell Traced to Below South Africa

Wave Travel Time = 13 Days

Travel Distance = 13,150 km

Generation Date:  28 May

NDBC 44025

Africa

Storm source verified by 

Oceanweather Inc wind 

fields 



2009 Wave Record
FRF 11-m AWAC

Wave Height (m)

Wave Period (s)

Wave Direction (Deg T)

Hurricane Bill



Hurricane Bill Wave Record 
FRF 11-m AWAC

August 2009

Wave Height (m)

Wave Period (s)

Wave Direction (Deg T)



Hurricane Bill Spectra
FRF 11-m AWAC

August 2009

Play Movie

D:/Conferences/Nortek Users Meeting/BillMovie.avi


Hurricane Bill 

Swell Evolution

August 2009



2009 Wave Record
FRF 11-m AWAC

Wave Height (m)

Wave Period (s)

Wave Direction (Deg T)

Nor’Ida



Nor’Ida Wave Record 
FRF 11-m AWAC

November 2009

Wave Height (m)

Wave Period (s)

Wave Direction (Deg T)



ExtraTropical Storm Nor’Ida

November 2009



Nor’Ida Wave Spectra
FRF 11-m AWAC

November 2009

Play Movie

D:/Conferences/Nortek Users Meeting/IdaMovie.avi


Nor’Ida 

Windsea and Swell Evolution

November 2009



2009 Climatology: 

Wind Roses

Summer-Fall Winter-Spring

Estimated Winds for 2009 from FRF 11-m AWAC



2009 Climatology:

Wind and Wave Histograms
Summer-Fall

Winter-Spring

Wind Speed Wave Height Wave 

Period

Wind Speed Wave Height Wave 

Period



2009 Climatology:

Wave System Histograms
Summer-Fall

Winter-Spring

Wave Height Wave Period

Wave Height
Wave Period



System Information*

•MATLABTM Toolbox

•Windows / Linux/ Mac OS

•HTML Users Guide

•Site license (unlimited workstations)

•Stand-Alone Executable

•Windows OS

•HTML Users Guide

•Site license (unlimited workstations)

*Custom applications and FORTRAN Libraries Available
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