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COASTAL DATA INFORMATION PROGRAM

e Established 1975
 ~ 90 wave buoy stations worldwide, ~25 in California
* 15-person CDIP Waves operations team

* Major Funding from:

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

* Partners:

* NOAA IOOS Regional Associations

* Ports and Industry: Marine Exchange, Marathon,
Chevron, Columbia River Bar Pilots

 DOE National Renewable Energy Laboratory
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Coastal Data Information Program

* Precision wave monitoring nationwide

e California wave model

 Coastal Engineering, Inundation, Erosion
* Real Time Conditions

e Maritime Safety

 National Security

Climate Record W e Wi
, Recreational
Safety
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Nuclear Deterrent

B San Diego beaches being battered by big
: king tides

y

-
Severe coastal erosion, Ocean Beach at Sloat, San Francisco, California. Photo source: ©© Shields




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




Wave motion

_Wave movement

sSurf zone

i 25 W 213 < SVaves G ¥ e g . 2
waves with constant waves touch Dﬂﬂl.l'll (breakers form)

Doop water— Approaching shore—
wavelength -‘- (wavelength decre: -}'

Waves touch bottom as they
encounter water depths that are
less than halt a wavelength

179—1\

\fahr{'::la?' decreases
{wave height Increases)

W W
Hs Tp Dp

Significant Peak Period Peak Direction
Wave Height




Under-Keel Clearance:
Port of Long Beach

SOUTHERN CALIFORNIA

CDIP's deep-water buoys can provide input for
short-term (1-2Zhr) forecasts since swell passes
these buoys before reaching the harbor area.

Harvest buoy:
NW, W swiale fars,,,

MARATHON

. :

Sap Nicolas Island buoy
w‘ SWswell | San Nicolas

Basirny

Fafifis Zero Pitch of tanker = 11 feet of Under Keel Clearance
B -

g - :%
Point Loma South buoy™
5, SE swell

* In collaboration with Marathon and Marine Exchange of §\9J
2

Southern California VTS.

* CDIP buoy-driven 1-3 hour forecast is used to make final
”go / no-go” decision on VLCC transits.

» ~2 vessels per month now transit with 65’-69’ draft

1° Pitch of 1,100 foot tanker = draft increase of 9.6 feet

con,




Operations & Maintenance

 Batteries

* Moorings

e Anchors
 Acoustic Releases
* Service & Repairs
* Paint

e Calibration

e Travel

e Vessels

e Vehicles




CD% Monitoring and Prediction of
7 4 Waves and Shoreline Change

coastal data information program

CDIP About~ Observations Wave Models ~

More... &

Waves and Sea Surface Temperatures

Parameter Summary

AR

Significant Peak Period Peak Direction

Wave Height

Classic table

Recent Buoy Observations

Stations @ [
KALO, MAJURO, MARSHALL ISLANDS - 163

IPAN, GUAM - 121

RITIDIAN POINT, GUAM - 196

AUNUU, AMERICAN SAMOA - 189

National Oceanic and Atmospheric tion'
National Data Buoy Celr
Center of Excellence in Marine Technology

Contact Us

Home About Us
Station 46258 - Mission Bay West, CA (220) £J
Information submitted by Scripy

Waverider Buoy
32.752 N 117.501 W (32°45'6" N 117°30'3" W)

Site elevation: sea level
‘Sea temp depth: 0.46 m below water line
: 588.6 m

Sea Surface
Temperature

24 min ago
9 min ago

9 min ago

9 min ago

 Vincent Thomas |

:Angels Gate ?

Long Beach Channel Waves

Q
San Pedro Waves

b

‘San Pedro South Waves

J3-25R
Leaflet | Tiles © Esri

o ___ 9

Jan 29, 17:39

Data Dissemination

Updates every 30 minutes ( > 99% reliable)
CDIP Website (~17,000 unique visitors per day)
National Data Buoy Center / NOAA (NWS)
National Centers for Environmental Information
Physical Oceanographic Real-Time System

(PORTS®): Humboldt Bay, San Francisco, LA/LB

Quality Control

Instrument Calibration
Automated messaging

Sensor and Mooring Status



Station 892 Spectral Plot Tine: 83-84-2824 183138 UTC

Station 029 crest-to-trough wave heights
20, 80 BB B Start: 2019-04-10 17:56 UTC End: 2019-04-10 18:26 UTC

[0 Largest wave: 6.01 m Wave count: 243
Tmax: 8.59s Htenth: 4.86m
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CDIP/SIO Experimental Swell Models ©

Nowcast  Forecast e BH

N. California San Francisco Monterey Bay Central Coast S. California
[ ] [ ] =
CDIP California Wave Mode i

Significant Wave Height

Model Runs
©

Dec 13, 10:00

DIRs The Coastal Data Information Program EZTGzaN
(DI 7] Integrative Oceanography D':unoara:'-

Analysis Time - 03 Mar 2024 : 0800 PST

Dec 13, 11:00
Swell Height (ft) - Southern California Bight

Dec 13, 12:00

“Nowcast” and hindcast

Dec 13, 14:00 Deep Water Swell

Hs{ft) Tpis) Dp(*)

(back to 2000) model driven e o Sl

Animate : 3 = 5

TR P e, gt .
1Dp % e = 7 Uncolored areas at the edges
= of the map represent locations

by buoy data + bathymetry + L NwG
physics S :: 2 =

0.04Hz

Output points every 100 -
200 m along the coast

Los Angeles




Wave
shadowing
and
refraction
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cdip.ucsd.edu & i (] +

CDIP/510 Experimental Los Angeles Long Beach Sea and Swell Model

213 San Pedro South @ Wave Height (ft) and peak dir Fri 2023-10-20 15:00 UTC

215 Long Beach Channel

" Yims (UTC

California Division U.S. Army Corps of Engineers
of
Boating and Waterways Field Wave Gaging Program

Display at Marine Exchange
Buoys update every 30 minutes

17:16:53 UTC



Dataset comparison: Significant wave height - 20230301-20240301, full spectrum
092 and BP092 5T
Parameter: [ Hs ] [ Ta ] [ Dp ] [ U ]
Frequency range: 4 V I - d t' f CD I P
[ Full spectrum ] a I a IO n O
[ Forerunners, below 0.05 Hz ] .
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[ 2012 )[ 2013 ][ 2014 ][ 2015 J[ 2016 ]{ 2017 ] 018 ] Bias = -0.062m (-5.4%)
[ 2019 ][ 2020 J[ 2021 ][ 2022 J[ 2023 J[ 2024 ] RMSE = 0.164m (14.32%)
r=0.943
Month: . | | | : |
Click and drag horizontally to zoom in the plot below. 0 ! jbserved HS(:I) 4 5@ Grid
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Using LB Channel buoy data to adjust model predictions

- Adjusted values are likely to be an improvement in close proximity
to the buoy used, where depths are similar and variability in the
wave field is limited.

- Adjusted values based on buoy 215 do not improve predictions at
the 092 and 213 buoy sites. The extent to which predictions may
be improved for SP020 and SP021 is unknown.

POLE comected forecast, BP215 - Wave helght (m) = Legend
B buoy obs
B standard MOP
Lo Adjusted predictions (green/blue) track along with oy
measurements (red) at all times at the LB Channel W forecast hr; 0
buoy site. Unadjusted model output (orange) shows Ml forecast hr: 1

the usual underprediction for this site. [ forecast hr: 2

18 May 2023

157

Hs [m)

[1E-F o

0 + ¢ 8 #
2023-0r9-01 20230508 0230915 20230922 20230879
Timse (UTC)
POLE comrected forecast, BP0S2 - Wave height (m) = Ligend
W buoy obs
B standard MOP
T | At the San Pedro buoy site, adjusted model X forecast hr: -2
output overpredicts wave heights; the =::ﬂ:f =
unadjusted model output performs better. I tocecast br: 1
(I forecast hr: 2

M [m)
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Wave Hs Chronological

Historic extreme
wave events have
been occurring in
recent years at the
Port of Long Beach
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CDIP 092 San Pedro
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WAVE HEBONTS UMPOUA OFFSHORE, O BUOY - 138
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CDIP 139"
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Hs Buoy
Hs NCEP GFS

CDIP Wave Observations:
West Coast Storms
December 28 - 31, 2023

CDI

coastal data information program

GFS Model
2023-12-29T00Z

(® CDIP Stations
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Left: Waves crash into the Ventura Pier
Right: Flooded Streets in Capitola, California
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GFS Wave Model

med Wind-Waves and Swells

on
Las Vegas

Phoenix

e Extratropical low pressure systems in the North Pacific Ocean
generated a series of swells impacting the West Coast late
December into the new year. Large waves over high tides caused
inundation flooding and significant coastal erosion.

Wave heights during the swell that arrived 28 Dec exceeded 8 m
Hs at some CDIP stations, up to 3 m greater than the NOAA GFS
wave model for the California coastline in particular, with
exceptionally long average period Ta > 15 seconds.

" GFS Peak Period Tp (s) and> e |
: direction for 2023-12-29 00z}

Height jm)
-

0 L L L L "
, 2TOO00 271200 2B 0000 201200 200000 261200 300000 301200 310000 311200 010%00

Peak Hs values were near historic records at CDIP stations 092
San Pedro (established 1998), 157 Point Sur (est. 2008) and 222
Santa Lucia (est. 2016).

Elevated storm activity in the Pacific Ocean is consistent with El
Nifio conditions which are forecast to continue through the winter.

CDIP wave bulletins:

Hmax = largest individual wave
Hs = significant wave height

cdip.ucsd.edu/themes/cdip?d2=p12

US Army Corps
of Engineers«
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Los Aggeles San Bernardino®

| % Automated Forecast Threshold Messaging:
Seillonica oy <. 4 Riversides B  °© Echo-PAL Offshore Lightering Zone
ey, "2 © El Segundo Marine Terminal

v;‘oatelirﬁ Island
Eseentiall @
o ish®abitat.

uproc@model-e.cdip.ucsd.edu B3 Inbox - Exchange
W Echo-PAL wave forecast warning
To: cdip-cdipsw, cscwwl@chevron.com

Prediction site: SP401 - Echo-PAL North

Total wave height threshold (8ft) exceeded

Date (PST) 14+Hs 14+Tp 14+ Dp TotHs TotTp TotDp
(fty (secs) (degT) (ft) (secs) (degT)

2023-03-30 02:00 pm  2.40 14.29 275 8.04 11.11 282

forecast&xperiod=148&tz=PST&units=english

Prediction site: SP402 - Echo-PAL South

Total wave height threshold (8ft) exceeded

Date (PST) 14+Hs 14+Tp 14+ Dp TotHs TotTp TotDp
(fty (secs) (degT) (ft) (secs) (degT)

2023-03-30 11:00 am  2.69 14.29 281 8.797.69 268

2023-03-30 02:00 pm  3.12 14.29 281 9.88 11.11 283

2023-03-30 05:00 pm  2.85 14.29 281 9.1911.11 282

2023-03-30 08:00 pm  2.36 14.29 280 8.07 11.11 284

Link:




Recent observations

Extreme wave events

cdip.ucsd.edu

Extreme wave events

Bulletins

Global

Recent Wave Observations Recent 55T Observations

Pacific |slands Pacific Coast Atlantic Coast

Ten largest CDIP buoy measured significant wave heights over the past

Station Max/Min

CI)Iy Monitoring and Prediction of
7 Waves and Shoreline Change
g

coastal data information

CDIP  About-  Obserations ~ WaveModels-  More.. &

Welcome to CDIP

Califor ‘Wave Model

Additional Projects

The Coastal Data Information Program (CDIP) measures, analyzes,
archives and disseminates coastal environment data for use by coastal
engineers, planners and managers, as well as scientists and mariners

Selected region of interest @ [T}

Thu, 04 Jan 2024

West Coast Swells
Swells impacted the west coast in December.

Read more

Cretiomtoma CDIEr @ 31
e, (M OR
o=

Dpmsgm (Dl [
719, 2003 J' il

Wed, 20 Dec 2023

East Coast Storm
An extratropical storm impacted the east coast

Read more

Tue, 28 Now 2023
Hawaii Swell

CDIP waves bulletin for Pacific extratropical
storm.

Read more

Station id

Station Name

Time (UTC)

Significant Wave Height (m)

270
036
154
139
162

TILLAMOOK BAY SOUTH JETTY, OR BUOY - 270p1
GRAYS HARBOR, WA BUOY - 036p1

BLOCK ISLAND, RI BUOY - 154p1

UMPQUA OFFSHORE, OR BUOY - 13%p1
CLATSOP SPIT, OR BUOY - 162p1

VIRGINIA BEACH OFFSHORE, VA BUOY - 171p1
CAPE HATTERAS EAST, NC BUOY - 250p1
JEFFREYS LEDGE, NH BUOY - 160p1

SANTA LUCIA ESCARPMENT, CA BUOY - 222p1
POINT REYES, CA BUOY - 029p1

2024-01-09T23:30:002
2024-01-09T23:30:002
2024-01-10T10:30:002
2024-01-09T22:00:00Z
2024-01-10T00:00:002
2024-01-10T03:00:002
2024-01-10T02:30:002
2024-01-10T09:00:002
2024-01-06T12:00:002
2024-01-08T05:30:002

9.69
9.28
7.79
7.68
7.66
716
6.98
6.84
6.46
6.36
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