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IMPROVED COASTAL AND NEARSHORE WAVE FORECASTING

A C U S E A

Tomorrow’s Waves Today...

JEFFREY HANSON, PHD 2017 OCEAN WAVES WORKSHOP
ROBERT FRATANTONIO
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OBJECTIVE

® |atest advance

The result is a new approach to nearshore wave
forecasting, with significant advancements in
forecast accuracy and run efficiency.




THE WAVE DATA CHALLENGE

How to get the most out of these data?

Typically only 3 numbers are used to describe

wave conditions: Height, period and direction




oY
S WAVE DATA ANALYSIS TOOLS

Force

Source Estimation

Climatology Analysis

Measurement / Model
Validations




Wave Component Wave System
A specific wind sea or swell that is An evolving series of wave components
attributed to a region of enhanced that can be traced to a specific wind

energy in a direcﬁonql (2D) wave generaﬁon event on fhe ocedn surche

spectrum
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Watershed tools are used to delineate the spectral
boundaries between wave components

Example Partitioned Wave Spectrum
Partition Contour

Partitioning of wave spectra: |
* Gerling (1992) .
* Hasselmann et al. (1994, 1996) Wind Sea

* Hanson & Phillips (2001) ’ ‘

* Portilla et al. (2009)
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* Windseas are defined as waves forced by the local winds
* Windseas can not travel much faster than the component of the wind

in the wave direction (wave age factor ~ 1.5)

- - Example Directional Wave Spectrum
Directional Wave Age b - Ve b
Windsea peaks fall within the
parabolic region:
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Wave Period

NOR’IDA: NOVEMBER 2009, NORTH CAROLINA NDBC 44056

Wave Vector Plot Wave Systems

Wave Height (Length)
Wave Direction (Towards)

11/1/13

ignitficant Wave Height



STORM SOURCE ESTIMATION USING
WAVE DISPERSION
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EXAMPLE RESULTS: NORTH ATLANTIC SWELL TRACKING
BAHAMAS SEPTEMBER 2002
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Frequency (Hz)

EXAMPLE RESULTS: NORTH ATLANTIC SWELL TRACKING

Sept 02 Bahamas
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* Operationally run by NCEP

* Woave partition fields available

0.05 eyl via OpenDAP server (netCDF)
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Hanson and Phillips, 2003; Tracey, Tracey and Hanson, 2007



Vector Map for 15-Dec-2008 18:00:00

Wave Systems

=
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Figure 8. Vector Map for Eureka’s Waters

Devaliere, Hanson and Luettich, 2009
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N
NEARSHORE WAVE FORECASTING RE-INVENTED wg\’/e Force

Wave System Approach

Modern Computing Techniques

® Data Fusion — Mero

® Artificial Intelligence — Advanced machine learning algorithms

® State-of-the-Art Cloud Computing — Fast and efficient computing



° <o
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Narfolk

® Custom Wave System assimilation

* Buoy adjustment of operational Data Assimilator
forecasts
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SURF ZONE MODEL

Hi Res Assimilated
Bathy Forecast

AcuSea
Surf Zone Model

Breaker
Forecast



SURF QUALITY MODEL

Surf Zone
Forecast Beach

Shape
ol

Surf Quality Model
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DATA FLOW SUMMARY

Waves
WW3/SWAN
NCEP OPeNDAP

‘A c U s E A

T e Data fusion Buoy Obs
| RES . NDBC - SOS
Bathy — Binary * Data assimilation

File e Nearshore model
Al model

Tides
WWW Tide/Current
Predictor- Text File

Winds

WeatherFlow
Web API

_

Nessie Surf Coastal Wave
Forecast Forecast




Packaged in a mobile-friendly online site

Day Winds Tide Waves Quality

Winds Waves Quality Input About l Thu 06/08 08:00 pm 23 mph High (7:48 pm) 69ft,7s
N @ NE
Thu 06/08 11:00 pm 17 mph Falling ¥ 6-9ft, 75
N ® NE
Fri 06/09 02:00 am 15 mph Low (2:23 am) 57ft,7s
NW @ NE
Fri 06/09 05:00 am 15 mph Rising 4 5-8ft,9s
°® ° NW @ E
Surf Zone breaker he|gh1's rpy— ot R ey e
w e NE
° ° ; Fri06/09 11:00 am 11 mph Falling ¥ 5-7ft, 8s
* Online data f ‘ ve -
niNne adard rtusion

Fri 06/09 02:00 pm 8 mph Low (2:04 pm) 4-6ft, 8s
sw @ NE

Y Efficiennl- Cloud CompU-l-ing 'h,j:. Fri 06/09 05:00 pm 1sqrg:h Rising 4 476:;%
* Artificial Intelligence learning I i

Height (ft)

* Very high resolution along shore
* Mid-Atlantic and Hawaii

Surf Height (ft)

Elevation (ft)

A
Leaflet | © Esri, HERE, Garn

Speed (mph)




The Surf Community helped us build an Outstanding Product...

Product Review Team (30 members)
Surf height and quality logging
Site feedback

Buoy validation

We Need Your Input!

Submit your Observations and Comments Here:

Name

Please enter your name
Date/Time
Please enter the date and time of your observation (Local Time)

Location

Please select your location

Surf Height (ft)

Report the wave face height

Quality (1-10) @

Please select the wave quality

Comments

Comments for AcuSea



Model Validation @ NDBC 41108
6 hr Forecast

: ~—— NDBC 41108 Observations
AR, S| WaveWatchlll - Accuracy 88%
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WaveWatchlll Validation @ NDBC 41108 Nessie Validation @ NDBC 41108
6 hr Forecast 6 hr Forecast
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YR | Model Validation @ NDBC 41025
= 6 hr Forecast

| —— NDBC 41025 Observations
D 20 & -0 WaveWatchlll - Accuracy 90%
' b e - Nessie - Accuracy 98%
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WaveWatchlll Validation @ NDBC 41025 Nessie Validation @ NDBC 41025
6 hr Forecast 6 hr Forecast
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Model Validation @ NDBC 44100
6 hr Forecast
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WaveWatchlll Validation @ NDBC 44100 Nessie Validation @ NDBC 44100
6 hr Fnrecast 6 hr Fnrecast
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Model Validation @ NDBC 51201
24 hr Forecast
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WaveWatchlill Validation @ NDBC 51201 Nessie Validation @ NDBC 51201
24 hr Forecast 24 hr Forecast
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Elevation (ft)

Late August 2017 Swell Event
4 Days Out

Nessie

Kill Devil Hills

Surf I
Surf Quality

Speed (mph)




User
Spike
Ben
Spike
Mike

lan

Location
Duck
KDH
KDH
Duck
Duck

August 31, 2017 Swell Event

Height

Quality Comments
...you guys had this forecast 4 days out...
...best day of the summer so far

...was fun down by Avalon pier.
...still large sets coming in...




WHAT'S NEXT? A C U S E A

We are ready to expand to the coastal/nearshore environment

* Endorse

* Works with existing ffshore/ coastal models

(WAVEWATCH, SWAN, etc..)




A C U S E A

DISCUSSION...
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