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Pacific Islands Land -Ocean Typhoon 
Experiment (PILOT)

&
Surge & Wave Island Modeling Studies 

(SWIMS)

• PROBLEM
Past studies (FEMA & 
USACE) concluded 
that tropical cyclone 
response and 
mitigation measures 
developed for U.S. 
mainland populations 
often are ineffective or 
inappropriate for island 
environs.  

Island of GuamIsland of Guam
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Pacific Islands Land-Ocean Typhoon 
Experiment (PILOT)

&
Surge & Wave Island Modeling Studies 

(SWIMS)

Island Cyclone Preparedness Issues (Islands Task 
Force Report, Dec. 2001, Interagency Coordinating 
Committee on Hurricanes)

• Cultural, Behavioral, and Special Population 
Issues

• Wind, Waves, Water Levels, and Hazard 
Vulnerability Issues

• Public Shelter Issues
• Transportation Issues
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Pacific Islands Land-Ocean Typhoon 
Experiment (PILOT)

&
Surge & Wave Island Modeling Studies 

(SWIMS)
OBJECTIVES:
• To acquire coastal hydrodynamic and meteorologic da ta 

under cyclone and high- wind conditions in island 
environments.

• To use these data to better understand the physics of 
coastal waves, water levels, and low-level winds in  these 
environments. 

• To incorporate this understanding toward improved 
analytic and computer-aided models for application to 
cyclone hazard mitigation studies.

• To  contribute these results to improved emergency 
management tools and procedures for islands.
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Field Coordinators
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Pacific Islands Land-Ocean 
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Coordination/Partnering

• NOAA

• NWS 
• USGS

• University of Hawaii
• SCRIPPS

• PRIMO (Pacific Risk Management Ohana)
• National Park Service

• University of Guam
• PAC IOOS 
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Wave Measurements Over Reef 
& Beach

Ponding 
over reef

Nearshore 
breaking

Transmitted 
wave over reef

Wave 
runup

Wave incident 
to reef

Wave buoy

Pressure sensors
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Pacific Islands Land-Ocean 
Typhoon Experiment (PILOT)

Coastal wave processes 
investigated include:

• Reflection
• Refraction
• Dissipation mechanisms
• Surf-beat
• Wave-generated currents
• Wave set-up over reefs 

(ponding effect)

Hurricane Fernanda, Oahu, 1993Hurricane Fernanda, Oahu, 1993
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PILOT Ongoing Field Activities
Field Sites
• Guam

• Ipan Reef
• Oahu, Hawaii

• Mokuleia
• Saipan

• Laulau Bay
• St. John, VI

• Reef Bay
• South facing 

shore
• St. Croix, VI

• East Northeast 
facing shore
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Pacific Islands Land-Ocean 
Typhoon Experiment (PILOT)

Why Hawaii?
• Although tropical cyclones 

do not affect Hawaii as 
frequently as Guam, 
Hawaii experiences 
periods of moderate winds 
of prolonged duration and 
large swells during the 
winter season which offers 
greater opportunity for 
data capture.    
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Hawaii Study Location – Mokuleia, 
Aweoweo Beach Park
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Hawaii Study Location – Aweoweo 
Beach Park

• Large Waves, High Winds
• Wide Reef = Good 

Measurements
• Significant Wave Setup
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Notable Results, Hawaii

• The steep reef face and shallow reef flat cause wav e energy to reduce 
by 94 % within 40 m of the reef edge for observed w ave heights as 
large as 2.5 m.  Almost zero incident swell energy is propagated to the 
nearshore. 

• Setup is highly correlated with the incident signif icant wave height 
(0.97), and setup amplitudes scale at 0.35-0.39 tim es Hsig measured 
off the reef in 10m depth

• Comparisons between surface elevation spectra from on (D5) and off 
(D9) the reef show an increase in the infragravity to sub-infragravity 
band  (1 x 10 -4 < f <1 x 10 -2 Hz) energy. The inc rease of infragravity 
and the absence of swell-band energy on the reef du ring offshore 
swell-wave events, suggest that infragravity energy  is generated on 
the reef in a similar manner to lower frequency set up. The infragravity 
and sub-infragravity energy appears to be bound to the incoming swell 
groups; however, fluctuations in this band are 180 0 out of phase with 
those on the reef.
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Virgin Islands - Hurricanes
• St. John

• Reef Bay
• Southern exposure
• V shaped bay 
• Rubble reef
• SHOALS survey
• Summer 09 deployment

• St. Croix
• North Shore
• East Northeast exposure
• Narrower reef with lagoon
• SHOALS survey
• Summer 08 deployment
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St. John, Virgin Islands
Reef Bay

Reef Bay
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St. Croix, Virgin Islands

Rust op twist
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Why Guam and Saipan
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Saipan
• Situation of opportunity, UH with NOAA

• 1 Gage on reef face and 1 gage on reef flat
• Other gages to be added this year
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Ipan, Guam
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• Data collection methods 
includes:
• Hydrodynamic conditions

• Offshore directional wave-buoy in 
200m depth

• 10 SEABIRD 26+ pressure sensors
• 8 Aquadopp current profilers (dual 

purpose)
• Topography/ Bathymetry

• SHOALS surveys
• NOAA waterlevel/meterological 

station
• Video acquisition data

• Real-time video feed via 
internet to give up to date
visual wave and flooding 
conditions

Insert wave 
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SHOALS survey
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Instruments Deployment on Reef Flat
Step 1: Drill

Step 2:Epoxy
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Step 3: Mount instrument and bolt to reef
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Underwater deployment using drilling technique for 
Seabird pressure sensor and Aquadopp current 
profiler.  Beach burial on the shore.

Roughness ~10’ Find a clear spot! Bolt it to the reef 

• Burial of 1 Seabird pressure sensor in the beach



US Army Corps of Engineers Coastal and Hydraulics Laboratory - ERDC

Typhoon Man-YI, Guam
• 100% Data record 
• Reefs are HUGE wave absorbers!
• Super Typhoon Man-Yi

• In early July 2007, Typhoon Man-Yi 
(also referred to as Man-Li and 
Bebeng), passed within 200 nautical 
miles southwest of Guam as a 
tropical storm, with the greatest 
intensity of the storm felt at Guam on 
9 July 2007. This storm produced 
winds gusts reaching 20 m/sec and 
a maximum recorded wave height at 
the deep-water directional wave 
gage at the Ipan site of 11.83 m.  
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Typhoon Man-Yi Track
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Calm Day/Typhoon Man-Yi
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Preliminary Results

• NOAA
• Wind, water level, barometric pressure

• Seabird 26+
• Waves

• Jeff’s Pirate Cove
• Video
• winds

• Aquadopp
• Currents
• Added bonus:  Waves comparison for verification in 

shallow water
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Typhoon Man-Yi at Guam
Water Level

The comparison between the observed and the predicted water level indicate water level 
during the storm exceed the predicted water level by as much as 1.35 meters.  Tidal 
changes were not observed during the peak of the storm event.  
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Typhoon Man-Yi, Guam
Winds

Wind gust speeds reached 20 m/sec at Guam, during 
Typhoon Man-Yi
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Typhoon Man-Yi, Guam
Barometric Pressure

Barometric pressure during Guam passage of Man-
Yi was 1001 Mb
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CDIP 
Gage             
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CDIP Deep Water Gage
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Aquadopps in Guam
• Deployed in Feb 2006, 
• Primarily selected to record currents,  waves extra  value 

and comparison between Seabirds for shallow water u se.
• Currents look good
• Hawaii waves look good, USACE waves have some issues –

possibly critter related.
• One gage out of 8 non responsive on last trip.

• Parameters:
• Waves – (2Hz, 2048 pts, 2 hr interval, 15 cm blanking, 0.5 

bin)
• Currents – (15 cm bin, 240s ave, 10 min interval)
• Pressure offset 10 mb

• Setup
• from a file
• by the book,
• field checks done at Jeff’s.

• Synchronous top of the hour start time for all gage s
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Aquadopp in Guam continued

• Downloads 
• time depends upon download baud rate
• Serial port is better than USB

• Batteries, triple case, or extra canister
• Alkaline – 3 batteries, 2 months
• Lithium – 3 batteries, 6 months-

• shipping nightmare to Guam or Virgin Islands, Hazardous 
material ( Excedrin required, $1000-$1500, large time 
delay,  7 yrs in jail if you carry them on the plane.

• considering using AWAC battery canister to get the 6 
month deployment with alkaline

• Disposal of lithium is difficult
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Aquadopp Orientation
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Typical Current Record
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Tropical Storm Man-Yi Current
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Aquadopp Pressure Record, Gage 1
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Aquadopp Pressure Record Gage 2
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Aquadopp/Seabird 3 Dates
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Aquadopp/Seabird Depth
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Aquadopp/Seabird Waves
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Man-Yi, Aquadopp Summary
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Typhoon Man-Yi, Guam 
Cross Shore Arrays
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Guam Wave Record

• Wave record 
indicates waves 
less than 2 m at the 
offshore wave gage  
are hardly 
noticeable inshore 
of the reef edge
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Typhoon Man-Yi, Guam
Wave Attenuation Rate
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Typhoon Man-Yi, Guam
Summary

• During Typhoon Man-Yi maximum significant wave 
heights at the CDIP gage hit 7.11 m with peak period 
reaching 11.76 sec. 

• The majority of the wave energy was dissipated on the 
steep face of the reef 

• Significant wave heights were reduced from 7 m at the 
deepwater gage to 4 m on the reef face to 
approximately 1 m at the first gages on the top of the 
reef flat.

• Once the wave was on the reef flat, attenuation was 
nearly linearly with distance as the waves propagated 
shoreward.   

• The slight variance in attenuation between the UH site 
and the USACE site my be explained by the difference 
in the reef shape and porosity and the direction of the 
current flow at the two sites.  
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Guam Results

• Wave setup agrees with steady cross-
shore momentum balance (Longuet-
Higgins & Stewart

• Infragravity energy > swell energy on the 
reef

• Strong swell dissipation at the reef edge 
for all wave and water level conditions

• Cross-reef currents at reef edge do not 
appear to control water level on the reef
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Status
• Guam

• CDIP deepwater buoy
• NOAA station at Pago bay
• Installation of two cross-shore arrays including 8 

current meters and 10 wave gages
• Weather/video station at site
• 100% continuous data since 2004
• SHOALS survey
• Typhoon Busters

• Hawaii
• UH deepwater buoy
• Installation of cross-shore array  
• 100% continuous data collection since 2005
• SHOALS survey
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Status
• Saipan

• Installation of small cross shore array

• St. John
• Site development
• SHOALS survey

• St. Croix
• Site development
• SHOALS survey 
• Deployment summer 08

• Publications 

• Data provided to SWIMS and academia
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Questions?

PILOT Experiment, Typhoon Nock-Ten, 19 October 2004
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We need to understand this!
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Present Coastal Inundation Methodology

Inundation, Inarajan Coast, Typhoon Russ
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Instrument Installation
Procedures for Reefs

• Equipment 
• 18v cordless or  air hammer drill ,
• 5/8-in. masonry hammer drill bit
• ½ in. 316 stainless steel all-thread rod, 18 inches long
• 316 stainless steel nuts, flat washers, and lock-washers
• Two-part marine epoxy
• 30 inch long, 4-inch PVC pipe cut lengthwise with approximately 1” removed
• Stainless steel hose clamps

• SEABIRD 26+ installation
• Reset SEABIRD mounting brackets so that both end holes are aligned vertically
• Wrap instrument with PVC tape for easy cleaning
• Insert ½-inch rod through holes and secure with nuts and washers
• Drill 5/8-in. holes in reef as measured by mounted rods
• Disassemble rods from SEABIRD
• One hole at a time, fill hole with epoxy and insert rod.
• Allow epoxy to harden, then secure SEABIRD 26+ to rods using in-order, 2 nuts, 

lock-washer, flat-washer, instrument, flat-washer, lock washer, 2 nuts
• Secure PVC pipe around the instrument using stainless steel hose clamps to 

provide for UV and impact protection
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PILOT Experiment
Typhoon Nock-Ten
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PILOT Experiment
Typhoon Nock-Ten
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Aquadopp Current Profiler Installation 
Procedures

• Aquadopp Current Profiler Installation
• 316 stainless steel mounts constructed from “L” shape and welded-on 

tabs
• 4- 5/8 in. holes are drilled in reef to match mounting bracket holes
• Holes are filed with epoxy and ½ -in. 316 stainless steel all-thread rods 

are inserted 73 inches and the epoxy is allowed to harden
• The instruments are placed on the bracket and a 4 inch PVC pipe is cut 

length wise into thirds.  Two thirds of the pipe is secured around the 
instrument butting up to the stainless steel mount and leaving the 
sensors exposed.  At the tail end of the instrument, a PVC cleanout and 
plug are glued to secure the PVC pipe to together and to allow access 
to the data port. 

• 316 stainless steel hose clamps secure the instrument and protective 
PVC cover to the mount.

• The instrument mount is secured to the all-thread rods using 316 
stainless steel washer, lock washer, and 2 nuts per rod.

• U of H uses  ¼ in all-thread, 6 inch embedment.


