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CDIP Overview

Buoy Co-location
Hurricane wave data
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COASTAL DATA INFORMATION PROGRAM

The Coastal Data Information Program
measures, analyzes,

archives and disseminates

coastal environment data

for use by coastal engineers, planners,
managers, scientists and mariners.




COASTAL DATA INFORMATION PROGRAM

e Established 1975
e ~ 70 wave buoy stations worldwide
* 13-person CDIP Waves operations team

* Major Fuding from:

* US Army Corps or Engineers
e California State Parks
* Navy

* Partners:

* NOAA I00S
 DOE National Renewable Energy Laboratory
e NASA

* |Industry: Chevron, Marathon, PG&E




Primary Sponsor:
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S Datawell BV

oceanographic instruments

Waverider buoys

* Wave Energy Spectrum
* Directional Spectrum
e XYZ (E,N,V) Displacements

e Sea Surface Temperature

e Sea Surface Currents

* Air Temperature




OPERATIONS AND
MAINTENANCE

Batteries
Moorings
Anchors

Acoustic Releases
Service & Repairs

1cSD.EDy
534-3032




RAPID RECOVERY & RE-DEPLOYMENT

CLATSOP SPIT, OR - 162

GPS Table

Minimize station
downtime to measure
extreme events

22 offsites in 2018
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CDIP Buoy Data Acquisition
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CD& Monitoring and Prediction of
7

Waves and Shoreline Change
coastal data information program

About~ Observations Wave Models ~ More...

Waves and Sea Surface Temperatures

Parameter Summary
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SST
Significant Peak Period Peak Direction Sea Surface
Wave Height Temperature

Classic table
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Data Dissemination

 Updates every 30 minutes ( > 99% reliable)
e Spectra, parameters, displacement path

e CDIP Website (~17,000 unique visitors/day)
* National Data Buoy Center / NOAA (NWS)

e National Centers for Environmental
Information archive

* Physical Oceanographic Real-Time System
(PORTS®): Humboldt Bay, San Francisco,
LA/LB



Quality Control

CDIP Diagnostic Tables ogm

* QARTOD

Sorting:  Defaut = CDIP = @
Search: I—

#  Station Name Buoy State “* GPSAge HsAge SSTAge ACM Age SSTC ACMm/s WMOid

N - e © \Watchkeeping team with

Egmont Channel Entrance, FI moored 0:28 0:51 0:22 26.0 42098

Wallops Island, Va moored 0:28 0:51 0:22 15.8 44089 d e Ca d e S Of Wa Ve O b S e rvi n

Lower Cook Inlet, Ak moored 0:28 0:51 0:22 8.7 46108 g

Hilo, Hawaii, Hi moored 0:42 1:05 0:36 27.7 51206 0

Torrey Pines Outer, Ca moored 0:28 0:51 0:22 18.4 46225 eX p e r | e n C e

Tanapag, Saipan, Nmi moored 0:28 0:51 0:22 29.2 52211

San Pedro, Ca moored 0:35 0:58 0:29 19.6 46222

Point Loma South, Ca moored 0:28 0:51 0:22 195 46232 Y R e a | ti m e QC W a r n i n S

Point Sur, Ca moored 0:28 0:51 0:22 13.8 46239 g

Satan Shoal, FI moored 0:28 0:51 0:22 28.3 42095

Mission Bay West, Ca moored 0:28 0:51 0:22 19.1 46258 . .

Harvest, Ca moored 0:28 0:51 0:22 15.5 46218 ([ ] D a ta a rC h Ive S W I t h CO m p I ete
Ritidian Point, Guam moored 0:28 0:51 0:22 29.3 52202

Cape Mendocino, Ca moored 0:28 0:51 0:22 10.9 46213 = O = =

Imperial Beach Nearshore, Ca moored 0:28 0:51 0:22 17.7 46235 t I m e S e rl e S a n d a d d It I O n a | QC
Nags Head, Nc moored 0:33 0:56 0:27 18.6 44086

Grays Harbor, Wa moored 0:28 0:51 0:22 11.0 46211

Oceanside Offshore, Ca moored 0:28 0:51 0:22 18.9 46224 o E X h a u St ive m eta d a t a

Point Reyes, Ca moored 0:28 0:51 0:22 13.1 46214

 Legacy of R&D collaboration
between Datawell and CDIP



WILMINGTON HARBOR, NC BUOY - 200p1

View flag plots

CDIP dataset, last 7 days; QC flags not applied. 14 days 30 days

Diag table Stnpage WNC browser GPSplot  Data tables WAVES age: 00:55:58 SST age: 00:10:58 GPS age: 00:14:27 ACM age: 00:15:58
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Quality Control

Calibration verification

Test at 6, 12, and 20
seconds period

- Heave within 2%
Direction within 2 degrees
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Buoy Co-location
Hurricane wave data
Coastal inundation

Wave power




CDIP Waverider vs NDBC

e Small

e Round

e Slack Mooring
Jegs D - rbbercond eagh, e Rubber cord

but not less than D + 5 m

e Standardized
 Motion path data
e HIPPY sensor

* Large

* Disc or boat shaped

* Chain Mooring
 Nonstandard size

* Nonstandard shape
 Nonstandard material
 Nonstandard sensor location
e MEMS accelerometer




CDIP Waverider vs NDBC

e Small

e Round

e Slack Mooring
Jegs D - rbbercond eagh, e Rubber cord

but not less than D + 5 m

e Standardized
 Motion path data
* HIPPY sensor
* No met data

* Large

* Disc or boat shaped

* Chain Mooring
 Nonstandard size

* Nonstandard shape
 Nonstandard material
 Nonstandard sensor location
e MEMS accelerometer

* Met data + waves




Buoy Co-Location Experiments
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INTRODUCTION - SCOOP SYSTEM

 Legacy 3-m
diameter
aluminum hulls:
~1724 kg,
+5 m height

 2.1-m diameter
foam hulls:
492 kg,
+3.2 m height

DATAWELL ’ Datawel I
WAVERIDER Waverider: 0.9-m
diameter,

225 kg,

+0.5 m height

3M WEATHER BUOY
SCALE 0.06 : 1

NDBC Schematic Credit: Eric Gay,NDBC
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INTRODUCTION - TEST SITES

Introduction

Latitude

Hourly Location: 46t29 (2.1DV) 46248 (DWR) 46029 (3D)
Period of Record: 2017-05 to 2019-03
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INNOVATIVE SOLUTIONS
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Period of Record Test Case: Pacific Ocean 46129

ANALYSIS-RESULTS
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DWR-HIPPY

2.1D-3DMG

3D-3DMG

Feb2018 May2018 Aug2018 Dec2018 Mar2019
Month/Year

Nov2017

Jul2017

Feb2018 May2018 Aug2018 Dec2018 Mar2019
Month/Year

Nov2017

Jul2017

e N
s B0l wddhd
e s e § WS T o oo

Mar2019

Dec2018

Aug2018

May2018

Month/Year

Feb2018

Nov2017

Jul2017

for a safer, better worild

INNOVATIVE SOLUTIONS
ENGINEER RESEARCH & DEVELOPMENT CENTER 'S

ERD

A
LA

Analysis-Results



ANALYSIS-RESULTS: H,,,

SCOOP Evaluation: Pacific Ocean 46t29

Period of Record: 2017050100 / 2019033100
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ANALYSIS-RESULTS: FREQUENCY
SPECTRAL ANALYSIS

Pacific Ocean 46t29 Experiment
Longuet-Higgins (1975) Frequency Spread (v)
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ANALYSIS-RESULTS: FREQUENCY
SPECTRAL ANALYSIS

Pacific Ocean: 46t29

Pacific Ocean 46t29 Experiment
Mean E(f) for Time Paired Obs: 15862
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ANALYSIS-RESULTS: FREQUENCY
SPECTRAL ANALYSIS

Pacific Ocean: 46t29

Pacific Ocean 46129 Experiment Pacific Ocean 46129 Experiment
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s
Hurricane Sandy, 10/2012

. Storm track and wind
speeds, in knots

© CDIP buoy locations.
=

COASTAL OBSERVATIONS:
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TECHNICAL NOTE:
CDIP wave observations in Superstorm Sandy

By

COASTAL OBSERVATIONS:
CDIP wave observations during Hurricane Matthew

By

Richard J. Seymour, Corey B. Olfe, and Juliana O. Thomas
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SITE NAME (water depth)
day:time /0.00m /0.0s/0.00 m
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Shifting sand

More money is spent restocking Florida's beaches with sand than anywhere else in the United States. Beach
rebuilding, often called nourishments, is used to guard the Sunshine State's tourist-driven economy and
protect developed communities from the sea. While nourishments happen most often in Florida, every U.S.
coastal and Great Lakes state has restocked their beaches with sand at some point in the past 95 years.

nourishment
+— projects

Florida

Cape Canaveral/

FLORIDA’S BEACH REBUILDING PROJECTS
Cocoa Beach

The first project started in 1244 in Palm Beach and
the latest beach nourishment took place last year ampa -

on Carlin Beach, Jupiter Island
Jupiter Islan

« Top 10 largest projects, ranked by total volume Carlin Bea
« Other projects

waveHs

Palm Beac

— Observed
— NOAA/WW3

Circle sizes indicate total volume of sand, in tons
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10,000 . ' =%
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CDIP 132 Fernandina Beach, FL

LARGEST VOLUME MOST SPENT
Ranlfeq by total volume of sand, Earliestlatest Rankgd by known total cost, Earliest latest
in million tons project year in millions of dollars project year
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Shifting sand

More money is spent restocking Florida's beaches with sand than anywhere else in the United States. Beach
rebuilding, often called nourishments, is used to guard the Sunshine State's tourist-driven economy and
protect developed communities from the sea. While nourishments happen most often in Florida, every U.S.
coastal and Great Lakes state has restocked their beaches with sand at some point in the past 95 years.

nourishment
+— projects

Florida

Cape Canaveral/

FLORIDA’S BEACH REBUILDING PROJECTS
Cocoa Beach

The first project started in 1244 in Palm Beach and
the latest beach nourishment took place last year ampa -

on Carlin Beach, Jupiter Island
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100,000 Key West 50 miles

10,000 o ' =%
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Miami Beach

CDIP 132 Fernandina Beach, FL

LARGEST VOLUME MOST SPENT
Ranlfeq by total volume of sand, Earliestlatest Rankgd by known total cost, Earliest latest
in million tons project year in millions of dollars project year

California I 5012 1927-2016 Florida [ 13404 15442017
Florida [ 2523 1944-2017 New Jersey N 1,032.3 1936-2015
New Jersey [ 2574 1936-2015 North Carolina [ 737.7 1939-2017
New York N 237.8 1923-2016 Louisiana [ 602.8 1955-2017

North Carolina [l 2062 19382017 New York [l 550.5 19232016 “CD|P wave buoy data enhances our mode"ng efforts_

Louisiana [0 1285 1955-2017 South Carolina [ 356.3 1954-2018

South Carolina [l 81.0 1954-2018 Mississippi [l 3281 19522017 It |S used to drlve the Offshore model bou ndary”

Mississippi Il 56.5 19522017 Delaware [l 180.8 19532017

Delaware [ 52.9 1953-2017 Virginia | 174.2 19512015 _ KeVIn Hodgens’ Chlef’ Coastal Englneerlng DeSIgn

Virginia Il 51.6 19512015 . Texas [l 1344 19562017

Source: National Beach Nourishment Database, American Shore & Beach Preservation Association (ASBPA) SeCtion’ USA CE Ja Ckson Vi//e DiS trict
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Hurricane Florence
September 2018
S17-22 billion in damage

e HURRICANE FLORENCE |-

"~ CATEGORY 2 Located 160 miles E of Myrtle Beach, SC

— — -
THE LEAD



Hurricane Florence
September 2018

R rluwucllu:
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ST T0] FORECAST TRACK

WEATHER

| Category: 3
| Hurricane Florence
Wind: 120 mph
Movement: NW at 16 mph
Pressure: 949 mb
Friday 2100 PM 420 M| ESE OF MYRTLE BEACH SOUTH
Wind: 115 mph CAROLINA

Friday 2:00 AM
w3

Wind: 120 mph
=

Sundly 2:00 PM 3
Wind: 35 mph

Saturday 2:00 PM
Wind: 80 mph

5 ‘ Thursday 2:00 PM
A, || Wind: 125 mph
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SITE NAME (water depth)
day:time /0.00m /0.0s/0.00 m cdip.ucsd.edu
ﬂ—/
Hs during
max wave
max wave
224 WALLOPS ISLAND, VA (17 m)

13:1547 /5.65m /11.7s/3.20 m

430 DUCK FRF 26 m, NC (26 m)
14:0306/9.03m/10.2s/4.47 m

433 DUCK FRF 17 m, NC (17 m)
13:1831/8.21m/9.4s/4.47m

243 NAGS HEAD, NC (21 m)
13:2039/11.74m /10.2s/6.24 m

240 THIMBLE SHOAL, VA (7.5 m)
13:2305/3.00m /5.5s/1.60 m

147 CAPE HENRY, VA (18 m)
14:0343 /5.22m /6.2s/2.57m

217 ONSLOW BAY OUTER, NC (30 m)

13:2132/14.49m/11.7s/7.83 m
192 OREGON INLET, NC (18 m)

150 MASONBORO INLET, NC (17 m) 14:0122/10.32m /9.45/5.58 m

14:1700/8.02m /7.0s/4.75m
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September 2018
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Hurricane Dorian
September 2019
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SITE NAME (water depth) 160 JEFFREY’S LEDGE, NH (80 m)
da tlme/ooom/oos/oom 1 7:2247 /6.67m /10.2s/3.7m
y q

Hurricane Dorian i
September 2019

{ 240 THIMBLE SHOAL, VA (8 m) -
61705/446m/47s/24m
N 7
@ 243 NAGS HEAD, NC (21 m)
6:2001/9.98m/ 9.4s5/5.2m
192 OREGON INLET, NC (18 m)
6:1148/10.63m/9.45/6.6 m

150 MASONBORO INLET, NC (16 m)
6:0330/6.46m/7.05/3.8m

194 ST AUGUSTINE, FL (22 m)
4:1747 /8.88m /8.6s/5.0m

HURRICANE DORIAN
September 2019

cdip.ucsd.edu
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T34-FORTPIERCE, FL

143~ CAPE CANAVERAL NEARSHORE, FL
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Hurricane Dorian
September 2019
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Wave Radiation Stress co(f)
c(f)

sin(#) cos(8) dfd

e Sxy =alongshore

momentum flux
o Drives alongshore
currents in surf zone, and

thus sediment transport
o Wave setup

CDIP Buoys (< 30 m depth)

e Relevance limited to
shallow water depths
(< 30 m)

e Planar coastlines
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momentum flux
o Drives alongshore
currents in surf zone, and

thus sediment transport
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CDIP 134 (NDBC 41114) - Fort Pierce, Florida

‘ '|It -
'\ well-defined shore normal

ater depth = 16 m

WW3 vs Buoy: 2018 Hs

134 / 41114 - Fort Pierce, FL
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CDIP 101 Torrey Pines Inner, California
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CDIP Overview

Buoy Co-location
Hurricane wave data
Coastal inundation

Wave power




CDIP/SIO Experimental Swell Models @
Nowcast  Forecast O B &

N. California San Francisco Monterey Bay Central Coast S. California

CDIP California Wave Model Don
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“Nowcast” and hindcast e
(back to 2000) model driven

Sep 20, 03:00

by buoy data + bathymetry + =
physics

Output points every 100 -
200 m along the coast

T 2> 8 sec. Does not include
locally generated waves




CDIP California Wave Model

“Nowcast” and hindcast
(back to 2000) model driven
by buoy data + bathymetry +
physics

Output points every 100 -
200 m along the coast

T 2> 8 sec. Does not include
locally generated waves
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The Coastal Data Information Program ESTzew
C% Integrative Oceanography Division
Analysis Time - 23 May 2019 : 0800 PDT
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CDLEy
CDIP California Wave Model

MOP v1.1: net_model prediction database
Site D0023 - info

Coastal wave conditions at 10 m depth

Mop: D0023 Go

Shore type: 1 (0 - coastal structures; 1 - planar bathymetry; 2 - complex bathymetry)
023

Please wait while your plot is being generated....
Data Tables
Parameter Model output using WW3 forecasts and buoy observations as input.
9-band energy Wave height
Daily & Weekly Plots 2.0
Waves - 1 day
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Waves - 1 week
MOP v1.1: net_model prediction database
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o Flood Warnings: Cardiff, CA

| Water level elevation (relative to MLLW) forecasts use Stockdon (2006), are HIGHLY experimental, s
# - \ ) S
CDIP/SIO and should not be used as your primary forecast information

Potential Flooding Index - Cardiff
I Tide [ Tide + WW3 wave effects [ Tide + buoy wave effects

Empirical moderate flood threshold

A

Collaboration with city
governments, lifeguards,
California State Parks,
National Weather Service,
waterfront businesses

Maximum water elevation (ft)

12 PST 12 PST 12 PST 12 FST 12 PST 12 PST 12 PsT
Tue 01/15 Wed 01/16 Thu 01/17 Fri 01/18 Sat 01/19 Sun 01/20 Mon 01/21

Stockdon et al (2006): Water Level = a (HyLy)Y/2



IMPERIAL BEACH

I 1 1

rip rap
MHW =1.34 m
MSL=0.77m

MEAN
SHORELINE |

Resilient Futures Project g
5 5
E
* Developed local wave and bathymetry g Of
climatology with >10 years of data % 5
e ~1750 model runs on an idealized £
eroded profile N 10
* Model is well-established in field studies
-15
-1200

Model input:

-1000 -800 -600

e Offshore waves

* Bathymetry
Validation:

e Lidar dataset of runup
Error sources:

e Bathymetry uncertainty

* Wave phasing

* |G component offshore

Credit: Julia Fiedler, SIO / UCSD
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How can we reduce the error in runup prediction?

THE APPROACH:

More data!

e Accurate bathymetry (or beach slope) estimates

e Use spectral wave info instead of bulk parameters

e Understand the low-frequency waves in the model

Roogy ~ By, (HoLo)'/?

By

ave setup

runup
eXCUrsion

Credit: Julia Fiedler, SIO / UCSD



How can we reduce the error in runup prediction?
THE APPROACH: More data! Accommodate broad and multi-peaked spectra with a frequency-weighted integral

Wave information (MOPS model) R2% ~ ﬁf, (HOLO)1/2

102

01-Feb-2016 04:00:00.] 1

o
o—

Energy (m?2/Hz)

runup
eXCUrsion

107"

Frequency (Hz)

Credit: Julia Fiedler, SIO / UCSD



How can we reduce the error in runup prediction?
THE APPROACH: More data! Accommodate broad and multi-peaked spectra with a frequency-weighted integral

Wave information (MOPS model) R2% ~ ﬁf, (HOLO)1/2
N =

102
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-
SN
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o
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runup
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107"

Frequency (Hz)

Credit: Julia Fiedler, SIO / UCSD



How can we reduce the error in runup prediction?
THE APPROACH: More data! Accommodate broad and multi-peaked spectra with a frequency-weighted integral

Wave information (MOPS maode

Roy, ~ By, (HoLg)'/?

102

What is the low
frequency (1G)
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-y
o
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Raos ~ B, / E™ frdf
B
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runup
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107"

Frequency (Hz)

Credit: Julia Fiedler, SIO / UCSD



Dataset comparison: Significant wave height - 20190101-20190201, full spectrum

% 220 Mission Bay 155 and BP155 4
o 600 m
:é ( ) Parameter: [ Hs J [ Ta J [ Dp ] [ Tp J
S s Frequency range:
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CDIP 160 / NDBC 44098
Jeffrey’s Ledge, NH
Established 2008

WAVE POWER FLUX

Station collaborator:
Doug Vandemark
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CDIP 071 / NDBC 46218
Harvest, CA
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Wave Power Matrix: Frequency of Occurence
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