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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



COASTAL DATA INFORMATION PROGRAM

• Established 1975

• ~ 70 wave buoy stations worldwide

• 13-person CDIP Waves operations team 

• Major Fuding from:
• US Army Corps or Engineers
• California State Parks
• Navy

• Partners:
• NOAA IOOS
• DOE National Renewable Energy Laboratory
• NASA
• Industry: Chevron, Marathon, PG&E



Primary Sponsor: 



Waverider buoys
• Wave Energy Spectrum

• Directional Spectrum

• XYZ (E,N,V) Displacements

• Sea Surface Temperature

• Sea Surface Currents

• Air Temperature



OPERATIONS AND 
MAINTENANCE
• Batteries
• Moorings
• Anchors
• Acoustic Releases
• Service & Repairs



RAPID RECOVERY & RE-DEPLOYMENT

Minimize station 
downtime to measure 
extreme events22 offsites in 2018





Data Dissemination

• Updates every 30 minutes ( > 99% reliable)

• Spectra, parameters, displacement path

• CDIP Website (~17,000 unique visitors/day)

• National Data Buoy Center / NOAA (NWS)

• National Centers for Environmental 
Information archive

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



Quality Control
• QARTOD
• Watchkeeping team with 

decades of wave observing 
experience

• Real time QC warnings
• Data archives with complete 

time series and additional QC
• Exhaustive metadata
• Legacy of R&D collaboration 

between Datawell and CDIP



Quality Control

QARTOD compliant (national standards)

Watchkeeping and automated messaging

Deployment



Quality Control
Calibration verification

Test at 6, 12, and 20 
seconds period

Heave within 2%
Direction within 2 degrees
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CDIP Waverider vs NDBC

• Small
• Round
• Slack Mooring
• Rubber cord
• Standardized
• Motion path data
• HIPPY sensor

• Large
• Disc or boat shaped
• Chain Mooring
• Nonstandard size
• Nonstandard shape
• Nonstandard material
• Nonstandard sensor location
• MEMS accelerometer



CDIP Waverider vs NDBC

• Small
• Round
• Slack Mooring
• Rubber cord
• 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
• MEMS accelerometer
• Met data + waves



Buoy Co-Location Experiments

CDIP / JCOMM wave eval tool

NOAA / NDBC Discus & SCOOP

USACE / CDIP Waverider



INTRODUCTION – SCOOP SYSTEM

Introduction Analysis-Results  Observations Conclusions  Vision Forward

DATAWELL 

WAVERIDER

• Legacy 3-m 

diameter 

aluminum hulls: 

~1724 kg, 

+5 m height

• 2.1-m diameter 

foam hulls: 

492 kg, 

+3.2 m height

• Datawell 

Waverider: 0.9-m 

diameter, 

225 kg,    

+0.5 m height

NDBC Schematic Credit:  Eric Gay,NDBC



INTRODUCTION – TEST SITES

Introduction Analysis-Results  Observations Conclusions  Vision Forward



ANALYSIS-RESULTS:  MET OBS
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ANALYSIS-RESULTS:  Hm0
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ANALYSIS-RESULTS:  FREQUENCY 
SPECTRAL ANALYSIS 
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ANALYSIS-RESULTS:  FREQUENCY 
SPECTRAL ANALYSIS 

Introduction  Analysis-Results  Observations Conclusions  Vision Forward

All Observations 99.5-percentile

Pacific Ocean:  46t29
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$70 billion
$11 billion

> $140 billion



IRMA
Sept 2017

4.32

5.65

(8 days)



“CDIP wave buoy data enhances our modeling efforts.
It is used to drive the offshore model boundary” 

– Kevin Hodgens, Chief, Coastal Engineering Design 
Section, USACE Jacksonville District

CDIP 132 Fernandina Beach, FL 
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Hurricane Florence
September 2018
$17-22 billion in damage



Hurricane Florence
September 2018



Hs

7 days



Hurricane Dorian
September 2019

Virginia
North Carolina



Hurricane Dorian
September 2019



Hurricane Dorian
September 2019

8 days



Wave Radiation Stress

● Sxy = alongshore 
momentum flux
○ Drives alongshore 

currents in surf zone, and 
thus sediment transport

○ Wave setup

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

● Planar coastlines

CDIP Buoys (< 30 m depth)
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CDIP 134 (NDBC 41114) - Fort Pierce, Florida

WW3 vs Buoy:  2018 Hs

well-defined shore normal
water depth = 16 m
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HURRICANE IRMA
SEPTEMBER 2017

Hs



CDIP 101 Torrey Pines Inner, California

well-defined shore normal
water depth = 20 m
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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 ≥ 8 sec.  Does not include 
locally generated waves



cdip.ucsd.edu

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 ≥ 8 sec.  Does not include 
locally generated waves



CDIP California Wave Model
Coastal wave conditions at 10 m depth



043 Camp Pendleton

045 Oceanside

100 Torrey Pines

201 Scripps

191 Point Loma

155 Imperial Beach

220 Mission Bay

CARDIFF

IMPERIAL 
BEACH



Hwy 1

Parking Lot

Flood Warnings: Cardiff, CA

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

Stockdon et al (2006): Water Level = ! (H0L0)1/2



IMPERIAL BEACH
Resilient Futures Project

• Developed local wave and bathymetry 
climatology with >10 years of data

• ~1750 model runs on an idealized 
eroded profile

• Model is well-established in field studies

Model input:
• Offshore waves
• Bathymetry

Validation:
• Lidar dataset of runup

Error sources:
• Bathymetry uncertainty
• Wave phasing
• IG component offshore

Credit: Julia Fiedler, SIO / UCSD



How can we reduce the error in runup prediction?
THE APPROACH: 
More data! 
• Accurate bathymetry (or beach slope) estimates
• Use spectral wave info instead of bulk parameters
• Understand the low-frequency waves in the model
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How can we reduce the error in runup prediction?
THE APPROACH: More data! Accommodate broad and multi-peaked spectra with a frequency-weighted integral
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What is the low 
frequency (IG) 
component?

Credit: Julia Fiedler, SIO / UCSD



FULL SPECTRUM
191 Point Loma
(1140 m)

155 Imperial Beach
(20 m)

IMPERIAL 
BEACH

220 Mission Bay
(600 m)



LONG SWELL
191 Point Loma
(1140 m)

155 Imperial Beach
(20 m)

IMPERIAL 
BEACH

220 Mission Bay
(600 m)



California State Parks 
Coastal Inundation 
Forecast Project
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Station collaborator:
Doug Vandemark
U. New Hamphsire

CDIP 160 / NDBC 44098
Jeffrey’s Ledge, NH
Established 2008

WAVE POWER FLUX

80 m depth



CDIP 071 / NDBC 46218
Harvest, CA
Established 1998

WAVE POWER FLUX

550 m depth



550 m depth

Wave Power Matrix
(“Hagerman” plots)

CDIP 071 / NDBC 46218
Harvest, CA



James Behrens
Program Manager
Coastal Data Information Program

858 534 3032

jb@cdip.ucsd.edu

cdip.ucsd.edu


