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Preface

Although hurricanes are common over the eastern Pacific and annually are seen in parts of
the central Pacific, they are not routinely found over Hawaii. Only four of these have
impacted the Aloha State since 1950. Hurricane Iniki, with winds up to 160 MPH, was by
far the strongest and most destructive. This storm also completed a “clean sweep” of
National Weather Service (NWS) offices responsible for issuing hurricane warnings. The
National Hurricane Center (NHC) in Coral Gables, Florida (Hurricane Andrew), the Joint
Typhoon Warning Center (JTWC) in Guam (Typhoon Omar), and the Central Pacific
Hurricane Center (CPHC) in Honolulu, Hawaii (Hurricane Iniki) were all struck by strong
hurricanes within a 2-month span.

Relying on one geostationary satellite providing satisfactory, but less than ideal, coverage and
an extremely sparse surface data network, NWS forecasters and meteorological technicians
across the state provided excellent warning service to residents and visitors alike. | commend
all who took part in this endeavor for their skill and professionalism under trying
circumstances. This is especially true for those in Honolulu and Lihue.

Ww@j(&

Elbert W. Friday, Jr.
Assistant Administrator
for Weather Services

April 1993



Foreword

The report on Pacific Hurricane Iniki was prepared by a National Oceanic and Atmospheric
Administration (NOAA) Disaster Survey Team (DST) following on-scene assessments and
interviews conducted between September 17-22, 1992. DSTs are convened and such
investigations are performed at the direction of the Assistant Administrator for Weather
Services when significant storms occur.

The DST is extremely grateful to all those who assisted in conducting the survey. This includes
NWS Pacific Region personnel; state and local civil defense and governmental officials; Army,
Navy, Coast Guard, Air Force, and Hawaiian Air National Guard personnel; and representatives
of the various media outlets from Oahu and Kauai.

The purpose of this survey was to evaluate how the warning and detection system in Hawaii
worked in the case of Iniki. It was to identify systemic strengths and weaknesses so that
necessary improvements could be developed and implemented. Although some scientific
examination of Iniki was a necessary part of this process, this survey was not intended to
produce an in-depth scientific analysis of the event. That will be left to others.

Some problems developed during the course of the investigation. The members of the DST felt
these problems needed to be addressed in the survey report even though they were not directly
connected with the events surrounding Iniki. First, although it is recognized that assembling
a team on short notice can be very difficult, having a team member from an office involved can
be uncomfortable for the person and for other team members especially during evaluative
discussions. DST Recommendation: NOAA and NWS procedures for putting together

a DST should be annotated to suggest that it is not advisable to have a member of the

DST be from the local office that was involved with the event. It would be very
beneficial, however, for the DST to have the fulltime assistance of such a person during its visit.

Second, whenever a storm such as Iniki strikes, many agencies are usually involved in assessing
what happened. DST Recommendation: NOAA should consider assigning responsibility
for coordinating disaster survey overflights to the Office of the Federal Coordinator
for Meteorology (OFCM). One set of aerial photographs, for example, could undoubtedly
serve the needs of all agencies involved in the disaster precluding the need for each agency to
arrange for separate, and costly, flights. By establishing procedures beforehand, data gathering
could begin quickly after the event so as to enhance its utilization by those involved and so that
cleanup efforts would have minimal impact on the evaluation process. Had the DST had access
to aerial photographs of the damage patterns before it went to the field, it could have identified
and focused its efforts on the most seriously affected locations saving time and money.

Third, the DST suggests that its activities could have been more efficient if it had access to a
cellular telephone. Meeting arrangements are often hastily made while the team is in the field,
and opportunities may be short lived. Access to a cellular phone would enhance the DST’s
ability to schedule its time and fulfill its mission.

The Disaster Survey Team
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Acronyms and Abbreviations

AFB
AP
ATCF
AVN
BAM
CD
COMSTA
CPHC
DST
EOC
ET
FEMA
FNOC
GMS
GOES
HAWAS
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HST
JTWC
KT
LABS
MB

MG PACOM
MIC
MPH
MWT
NAVWESTOCEANCEN
NAWAS
NHC
NMC
NOAA
NOGAPS
NWR
NWS
NWWS
ocD
OFCM
OIC
RECON
SAB
SCD
SDM

Air Force Base

Associated Press

Automatic Tropical Cyclone Forecast

Aviation Model

Beta-advection Models

Civil Defense

Communications Station

Central Pacific Hurricane Center

Disaster Survey Team

Emergency Operation Center

Electronics Technician

Federal Emergency Management Agency

Fleet Numerical and Oceanographic Center
Geostationary Meteorological Satellite
Geostationary Operational Environmental Satellite
Hawaii Warning System

High Resolution Picture Transmission Information
Hawaiian Standard Time

Joint Typhoon Warning Center

Knot

Leased Service A and B System

Millibar

Meteorological Group, United States Pacific Command
Meteorologist in Charge

Miles Per Hour

Marine Wind and Telephone Interface

Naval Western Oceanography Center

National Warning System

National Hurricane Center

National Meteorological Center

National Oceanic and Atmospheric Administration
Navy Operational Global Atmospheric Prediction System
NOM Weather Radio

National Weather Service

NOAA Weather Wire Service

Oahu Civil Defense

Office of the Federal Coordinator for Meteorology
Official in Charge

Reconnaissance

Synoptic Analysis Branch

State Civil Defense

Station Duty Manual



SLOSH
TELEFAX
USACOE
USAF
USCG
USN
WPM
WSFO
WSMC
WSO
WSOM

Sea Lake and Overland Surges from Hurricanes
Telephone Facsimile

United States Army Corps of Engineers
United States Air Force

United States Coast Guard

United States Navy

Warning Preparedness Meteorologist
Weather Service Forecast Office
Weather Service Message Center
Weather Service Office

Weather Service Operations Manual



Disaster Survey Team Members

On September 14, 1992, the NOAA Assistant Administrator for Weather Services directed
that a DST be formed to investigate the services provided by the NOAA/NWS associated with
destructive Hurricane Iniki and to develop suggestions for improving these services.

The members of the team included:

Team Chief...John Carey, NOAA Associate Deputy Under Secretary for Oceanic and
Atmospheric Affairs, Washington, D.C.

Team Technical Leader...Robert Jacobson, NOAA/NWS, Marine and Applied Services Branch,
Silver Spring, Maryland

Team Member...William Alder, Area Manager/Meteorologist in Charge (MIC), NOAA/Weather
Service Forecast Office (WSFQ), Salt Lake City, Utah

Team Member...Dr. Mark Handel, Private Consultant, Cambridge, Massachusetts
Team Member...Benjamin Hablutzel, Deputy MIC, NOAA/WSFO Honolulu, Hawaii

Team Member...Scott Smullen, Public Affairs Office, NOAA/National Marine Fisheries
Service, Silver Spring, Maryland
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Executive Summary

On the afternoon of September 11, 1992, a small but intense Hurricane Iniki struck Hawaii
across the island of Kauai. With damage estimates of $1.8 billion, this was one of the most
destructive hurricanes on record anywhere in the United States. Seven persons died and
about 100 were injured because of Iniki. However, because of the in-place warning system
and the response of the populace, a greater human tragedy was averted.

Overcoming limitations in satellite coverage and with negligible surface observations, CPHC
forecasters alerted the populace of Hawaii a day in advance that the storm would hit the
state. The state and local emergency services organizations, the media, and the populace all
responded quickly and appropriately. In short, the system worked.

Although hurricanes are common in the eastern Pacific Ocean, and not uncommon in central
Pacific Ocean, they usually either remain well east of or cross south of the Hawaiian Islands.
This was only the fourth time in the past 40 years that the state has been hit by such a
storm. Despite this relative rarity, all involved were generally well prepared for the event.
Some of this can be attributed to the well-publicized comparisons and similarities between
Iniki and Hurricane Andrew that affected Florida and Louisiana shortly before Iniki formed.

There were, however, several problems identified that had the potential to severely impact
the alert system. These include:

1. Communications. The reliance by all involved on telephone communications
is probably the most critical of the problems uncovered. Backup, stand-alone
communication’s links, a more efficient method for interacting with the media
and the general public, and a faster, more reliable way for hurricane forecasters
to receive forecast guidance products are the most pressing issues.

2. Observations. With only one geostationary satellite covering the water areas
south and east of Hawaii, there is an absolute necessity of making backup
observational systems (especially polar orbitting satellite data) available to the
hurricane forecasters. Had the one geostationary satellite failed, it is likely the
warning time achieved would have been greatly reduced.

3. Capabilities of the CPHC. The forecasters are hampered by old computer and
word processing equipment. Also, a greater level of expertise could be attained
by specifying selected individuals from the Honolulu forecast office to staff the
Hurricane Center and providing them with additional, ongoing training.

4. Navy Relations. The CPHC has total responsibility for tropical cyclone
warnings in the central Pacific area. Because the United States military,
specifically the Navy, has such a significant presence in the Pacific, it has a vital
concern when such storms threaten Hawaii, especially Oahu. The interactions
and information flow between the two organizations must be smooth so that the
requirements of the Navy are known and addressed and the capabilities of the
Navy are used to the advantage of the CPHC.
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Findings and Recommendations

Chapter 1. The Event and its Impact

Finding 1.1
A small but intense hurricane struck the state of Hawaii during the afternoon of
September 11, 1992. Although all islands felt the storm, the islands of Kauai and
Oahu were most impacted. Seven persons were killed and about 100 injured; total
damage was about $1.8 billion. The south shore of Kauai near Port Allen took the
brunt of the storm with wind gusts measured to 143 miles per hour (MPH) and water
levels (a combination of storm surge and waves) nearly 30 feet above normal.

Finding 1.2
Because of the apparently weak construction of many buildings, estimates of wind

speed based on building damage may be unreliable. Estimates based on other
indicators showed sustained winds of 130 to 160 MPH especially in areas where winds
are enhanced by terrain.

Recommendation 1.2.1
The NWS should encourage the State of Hawaii to review its building codes in light of
the Iniki damage.

Chapter 2. Scientific Analysis of the Event

Finding 2.1
Many objective hurricane forecast aids were available to CPHC forecasters. However,

the communications links for receiving these products were cumbersome.
Recommendation 2.1.1

The NWS should review the methods by which CPHC forecasters receive guidance

products to see if they can be delivered in a more timely and efficient manner. Some

suggestions on this include:

a) revamping the ways model input/output both to/from the NHC is transmitted to
make it more efficient,

b) upgrading the computer capabilities and adding available software packages such
as the Automatic Tropical Cyclone Forecast (ATCF) system, and

¢) evaluating the feasibility of developing objective inland and coastal flood models
for Hawaii.

Finding 2.2
The utilization of the available guidance products was limited because complete

documentation was not available to CPHC forecasters and because model comparisons
and error evaluations were not routinely done.



Recommendation 2.2.1
The NWS management should enhance the capabilities of the CPHC staff by:

a) providing the CPHC with current written descriptions of all available forecast
tools (e.g., up to date, complete documentation on the dynamic and
analog/climatological models), and

b) requiring that model comparisons and forecast error evaluations become a regular
part of the CPHC forecast operation.

Chapter 3. Data Acquisition and Availability

Finding 3.1
Not all available analysis products, specifically the Deep Layer Mean Winds and Wind
Shear Analysis, adequately cover the CPHC area of responsibility.

Recommendation 3.1.1
The NMC should extend the Deep Layer Mean Winds and Wind Shear Analysis west
to the International Dateline.

Finding 3.2
The satellite unit at CPHC provided an invaluable service to the forecasters and to

the public by determining and monitoring storm position and movement throughout
Iniki’s life cycle.

Recommendation 3.2.1
NWS management should insure that the satellite section currently in place be
retained.

Finding 3.3
CPHC has no direct access to polar orbiting satellite data. The only backup for the

one Geostationary Operational Environmental Satellite (GOES) capability available
to the CPHC is provided by copies of polar orbiting satellite photographs sent (as time
allows) from the Hickam Air Force Base weather facility.
Recommendation 3.3.1

The NWS should expedite the installation of systems, such as the High Resolution
Picture Transmission Information Processing System (HIPS), to provide the CPHC
with direct access to polar orbiting satellite data. Also, the NWS should consider
providing the CPHC with capabilities for archiving selected GOES photographs and
for directly accessing other data available via satellite. This would include tide gage
data currently available from the GOES.

Finding 3.4
Although Iniki passed between the existing data buoy network south and west of

Hawaii, the sea height information provided by this network was the only real-time
data available and allowed CPHC forecasters to make reasonable coastal sea height
forecasts.



Finding 3.5
Communications between Kauai and the rest of the state depend primarily on

telephone links. Because these failed, no observations (or other reports) were
available from Kauai to CPHC forecasters during the period of time beginning over
2 hours before Iniki hit and lasting several days until local power and telephone
communication links were restored and a NWS electronics technician (ET) was able
to get to Lihue.
Recommendation 3.5.1
The NWS should require installation of reliable, independent, backup communications
with the Weather Service Office (WSO) in Lihue (and other Hawaiian WSOs).
Recommendation 3.52
The NWS needs to improve the arrangement for providing ET services at WSO Lihue.

Finding 3.6
Upper air observations were not made by WSO Lihue from the afternoon on

September 11, 1992 through the morning of September 14, 1992.

Recommendation 3.6.1
The NWS needs to implement a policy that, except when safety considerations
prevent, upper air soundings and other observations be taken at NWS facilities even
though communications are disrupted.

Finding 3.7
During the recovery from Iniki, manual methods for taking temperature and humidity

readings had to be made because power to the primary observing system was shut off
by airport management.

Recommendation 3.7.1
The NWS should require that all critical observing systems have reliable backup
power preferably under NWS control.

Finding 3.8
Radar information from Hickam Air Force Base, Kokee Air National Guard Base, and

the Federal Aviation Administration provided some helpful information to CPHC
forecasters.

Chapter 4. Preparedness

Finding 4.1
The responsible agencies of Oahu and Kauai were very well prepared.

Finding 4.2
The preparedness of the CPHC was somewhat hindered because it is staffed on a

generally ad hoc basis from personnel assigned to WSFO Honolulu.
Recommendation 4.2.1

NWS management should consider modifying the organization of CPHC to increase

the capabilities and expertise of the unit. Suggestions to implement this include:




a) identifying a specific group of forecasters from WSFO Honolulu as members of the
CPHC and providing this group with annual training possibly conducted by NHC,

b) identifying one member of this unit as a Warning Preparedness Meteorologist
(WPM) focal point (not a program leader), and

¢) investigating the advisability of increasing the direct contacts and interactions
between the CPHC staff and hurricane specialists from the NHC.

Finding 4.3
The back-up plans for WSFO Honolulu would not have worked as written.

Recommendation 4.3.1
NWS management should see that the backup program for WSFO Honolulu is
reviewed and necessary modifications implemented.

Chapter 6. Warning Services

Finding 5.1
The people of Hawaii were sufficiently warned.

Finding 5.2
The practice of downgrading the hurricane warning to a tropical storm warning or

watch as Iniki was departing caused some confusion as to whether a second storm was
approaching Hawaii.

Recommendation 5.2.1
CPHC should re-evaluate the procedures forecasters use when downgrading tropical
storm and hurricane warnings.

Finding 5.3
The use of probability cones or ellipses would be desirable, especially to the United

States Navy (USN).

Recommendation 5.3.1
The CPHC should consider including probability cones or ellipses for all tropical
cyclone marine and public advisories.

Chapter 6. Coordination and Dissemination

Finding 6.1
Dissemination of NWS products to various user groups was sufficient but very labor

intensive, relying greatly on commercial telephones and old word processing
equipment.

Recommendation 6.1.1
CPHC management should consider alternatives to the current practice of having the
duty CPHC forecaster answer telephone calls from users. Some suggestions include:




a) staffing CPHC with a sufficient number of people to field media and public
gueries and thus allow forecasting personnel to concentrate on operational duties,

b) dedicating specific hotline telephone numbers for the media only and for
emergency officials only,

¢} when weather becomes critical, providing briefings to the media on a scheduled,
frequent (e.g., hourly) basis,

d) consider holding a workshop to sensitize the media to the process of tracking and
forecasting tropical cyclones and of the times when the forecasts are updated, and

e) conducting all in-house briefings in the media briefing room and not the forecast
area.
Recommendation 6.12
The NWS should replace the PRIME/TAB terminals used by CPHC forecasters for
message composition with an up-to-date system.
Recommendation 6.1.3
NWS/CPHC Management should consider enhancing CPHC capabilities by:

a) reviewing the station’s alerting procedures to see if a more efficient initial
dissemination process can be developed, and

b) establishing a Pacific Coordination Hotline similar to that currently serving the
mainland United States.

Finding 6.2
It was very important to all users that the hurricane products for the central Pacific

originate in Hawaii.
Recommendation 6.2.1

The DST suggests that, taking into account the available expertise within the agencies
involved, the geography of the Pacific Basin, and the government's changing fiscal
climate, a detailed look at the hurricane warning structure in the Pacific, involving
the USN, United States Air Force (USAF), and NWS, be undertaken. In so doing, the
DST affirms its belief in the importance of having a separate hurricane center in the
Pacific.

Finding 6.3
NOAA Weather Radio (NWR) transmitters in Hawaii are operated through one central

transmitter. Iniki knocked this station out eliminating the other stations as well.
Recommendation 6.3.1

The NWS should review the current NWR system to see if an alternative can be

arranged whereby all NWR transmitters in Hawaii function independently.
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Finding 6.4
The Naval Western Oceanography Center (NAVWESTOCEANCEN) in Hawaii, which

relies on CPHC hurricane products, has special requirements for performing its
mission. Similar special criteria are important to the state emergency services
agencies.

Recommendation 6.4.1
The CPHC should elicit from users critical wind and sea height values and should
highlight these in appropriate tropical cyclone products.

Recommendation 6.4.2
Better rapport needs to be developed between CPHC and NAVWESTOCEANCEN.

Finding 6.5
Several tropical cyclone products important to mariners were not broadcast by the

United States Coast Guard (USCG) communications station (COMSTA) on Oahu.
Recommendation 6.5.1

The NWS should review the list of products broadcast by the USCG COMSTA in

Hawaii. Tropical cyclone marine advisories should be added to the list.

Chapter 7. User Response

Finding 7.1
By and large, the populace of Hawaii responded appropriately to the hurricane
warnings. Designated shelters were known and used. However, in several cases, the
shelters, though appropriate for tsunamis, were not appropriate for hurricanes.
Recommendation 7.1.1
The NWS should encourage the State of Hawaii to review its criteria for disaster
shelters to make them more appropriate for hurricanes. Expanded criteria may
exclude facilities where the room ceiling is also a roof and rooms with windows from
being a shelter.

Finding 7.2
People on Kauai ignored hurricane warnings unless accompanied by the sounding of

a siren. They then took action promptly.

Recommendation 7.2.1
The NWS, in coordination with Hawaiian Civil Defense officials and with the help of
the media, should conduct a public awareness campaign to educate the public on the
importance of watches and warnings not accompanied by sirens.

Additional. Disaster Survey Team Management

Finding 8.1
During its investigation, the DST was impacted by in-place policies and procedures that,

if changed, could improve the conduct of future surveys.
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Recommendation 8.1.1
NOM and NWS procedures for putting together a DST should be annotated to suggest that
it is not advisable to have a member of the DST be from the local office that was involved
with the event.

Recommendation 8.1.2

NOAA should consider assigning responsibility for coordinating disaster survey overflights
to the OFCM.
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Chanter | -- The Event and its Impact

Hurricane Iniki, a small but intense tropical cyclone, moved northward over the Hawaiian Islands
during the late afternoon hours of September 11, 1992. It was the most destructive hurricane to
strike Hawaii in the 20th century (see Table 1).

With estimated peak sustained wind speeds over Kauai of between 130 and 160 MPH, Iniki was
considered the equivalent of a minimal Category Four on the Saffir-Simpson Hurricane
Classification Scale. (According to the OFCM National Hurricane Operations Plan, the Saffir-
Simpson Scale is not considered valid for the Pacific Islands.) By comparison, Hurricane lwa, the
last hurricane to strike this area, was equivalent to a minimal Category Two.

The eye of Iniki crossed the Kauai Coast in the Waimea area (Figure 1) just before 4 p.m.
Hawaiian Standard Time (HST) (all times in this report, unless otherwise noted, will be HST) and
departed over Haena about 40 minutes later. In its wake, Iniki left a path of destruction expected
to approach 1.8 billion dollars. In actual dollar value, this would make Iniki the sixth costliest
hurricane in United States history (see Table 2).

Damage

Every island in the state suffered to a greater or lesser extent from the heavy and destructive surf
and from strong damaging winds brought by Iniki. As with other recent hurricanes, however, the
island of Kauai took the brunt. The damage here was widespread, with only the western sections
of the island being spared from the most severe devastation. The DST saw few buildings on Kauai
that escaped at least some impact from the storm. According to the Bed Cross, 14,350 homes on
the island were affected with 1,421 destroyed and 5,152 suffering major damage. Wind damage
was generally the major contributor, although a number of buildings along the coast that were
subject to surf damage suffered nearly total destruction.

Interestingly, the WSO at Lihue sustained remarkably little abuse; the roll-up door lost several
slats and some of the windows were broken on the inflation shelter and a ground measuring device
for tracking rawinsondes was damaged. The solid construction of the facility appeared to be the

NAME DATE EYE LANDFALL/ DAMAGE

CLOSEST LOCATION (Not Adjusted for Inflation)
NINA NOV-DEC,57 120 NM WSW KAUAI $100,000 (Surf damage)
DOT AUG,59 KAUAI $6,000,000
IWA NOV,82 20 NM NW KAUAI $312,000,000
INIKI  SEP, 92 KAUAI $1,800,000,000

Table 1. Recent Hawaiian Hurricanes



SIGNIFICANT LOCATIONS ON KAUAI
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Figure 1. Significant Locations on Kauai




HURRICANE YEAR CAT DAMAGE(U.S.)
1. Andrew (FL/LA) 1992 4 $30,000,000,000%
2. Hugo (SC) 1989 4 7,000,000,000
3. Frederic (AL/MS) 1979 3 2,300,000,000
4. Agnes (NE u.s) 1972 1 2,100,000,000
5. Alicia (N TX) 1983 3 2,000,000,000
6. Iniki (HI) 1992 4 1,800,000,000*
7. Juan (LA) 1985 1 1,500,000,000
8. Camille (MS/AL) 1969 5 1,420,700,000
9. Betsy (SE FL/SE LA) 1965 3 1,420,500,000
10. Elena (MS/AL/NE FL) 1985 3 1,250,000,000
Source - NOAA Technical Memorandum NWS NHC 31, updated March 1990
*. Values for Iniki and Andrew are estimated

Table 2. The Costliest Hurricanes of the Twentieth Century (based on adjusted dollar
values)

primary reason (see Figure 2). Electric power and telephone service were lost throughout the
island with over 50 percent of the lines and poles destroyed. Only 20 percent of power supply had
been restored four weeks after the storm hit.

Vegetation damage was likewise extensive, especially on Kauai (see Figure 3). Sugar cane fields
were stripped or knocked down. Fruit and nut trees (such as macadamias and date palms) were
defoliated, broken, or uprooted. Lush growth had covered the island, nicknamed the Garden
Island, before Iniki. Almost all of the green covering was gone.

Winds

Winds accounted for most destruction. The highest speeds occurred when Iniki was just south of
the island of Kauai. Based on USAF recon flights and satellite information, surface winds (all
winds listed in this report will be surface winds unless otherwise denoted) at this time were
estimated to be 145 MPH with gusts as high as 175 MPH. During the four hours preceding eye
passage, winds increasing to more than 100 MPH with frequent higher gusts battered Kauai.

Iniki’s eye moved north crossing the central highlands of the island and the cliffs of the Na Pali
Coast. Although a detailed aerial analysis may refine the exact track of Iniki, Figure 4 gives the
DST’s best estimate of the eye passage over Kauai based on conversations with island residents
and surface observations made by the DST.

As a rule, winds are strongest in the right-front quadrant of a tropical cyclone relative to the
direction in which it is moving. The combination of this with the interaction between the
hurricane’s circulation and the islands topography caused the peak winds over the southern part
of the island to be from an easterly direction and to occur ahead of the eye (First Winds noted in
Figure 5A).



Figure 2. WSO Lihue Following Hurricane Iniki (Photograph Courtesy of William Alder)

Figure 3. Tree Damage Along Highway 56 West of Kilauea (Photograph Courtesy of
William Alder.)



On the north shore, in places such as Princeville and Kilauea, the worst conditions came after eye
passage. This was most likely due to a combination of downslope accelerations and interactions
between the hurricane circulation and the mountains (Second Winds noted in Figure 5B).

Few recording wind instruments are available on Kauai. Of these, the strongest measured winds
(Figure 5C) occurred east of Port Allen. The Marine Wind and Telephone Interface (MWT)
instrument at Makahuena Point was showing winds at 81 MPH gusting to 121 MPH when its
transmission power failed about 3 hours before Iniki reached land. The peak gust at that site,
taken from the data recorder after the storm, was 143 MPH. At WSO Lihue, the strongest
sustained wind was 97 MPH. The gust recorder at this station measures only to 115 MPH (100
knots [KT]). However, WSO Lihue personnel estimated the peak gust to have been 129 MPH.

The third recording wind instrument on Kauai is located on the USN facility at Barking Sands.
It showed one isolated peak gust of 96 MPH. In general, the fastest winds at this site ranged
between 80 and 85 MPH. This station is on the extreme western edge of the island and was west
of the eye in the weaker part of Iniki.

A 217 MPH gust was reported by personnel at the USN radar site at Makaha Ridge, 9 miles
northeast of Barking Sands, This site is located at the top of a high cliff which would undoubtedly
enhance wind speeds. However, because the locally installed instrument was uncalibrated, its
accuracy could not be determined.

As noted above, peak sustained winds on the island are estimated to have been between 130 and
160 MPH. These values were found in scattered locales primarily in areas where winds were
channeled by topography. Sustained winds over the majority of the island at the peak of the
hurricane were likely in the 100 to 120 MPH range. Such estimates are based on observations by
the DST and on preliminary results from work by Dr. T. T. Fujita of the University of Chicago.
Figures 5A and 5B are based on these results. The NWS has contracted with Dr. Fujita to do a
detailed analysis of winds throughout Kauai using visual and infrared photographs. The results
of this analysis are to be completed during the summer of 1993.

One of the problems in estimating winds is that when no actual wind recordings are available,
values have to be inferred from damage patterns. Damage to buildings, however, can either be the
result of high winds or of weak construction. Although none of the DST are engineers, some of the
damage did appear to be the result of building practices. DST Recommendation: The NWS
should encourage the State of Hawaii to review its building codes in light of the Iniki
damage.

On Oahu, wind damage was not nearly as wide-spread as on Kauai. However, several homes and
other buildings, found mainly along the southwest coast from Barbers Point through Makaha and
Kaena Point (Figure 6), did suffer substantial harm.

During its survey, the DST discovered that many of the police stations on Oahu are equipped with
non-recording anemometers. According to officers at the Waianae office, located in the center of
the southwest coast of Oahu, their device showed sustained winds of 50 to 55 MPH with gusts to
82 MPH. By the DST’s visual inspection, this anemometer was close to the standard height used
by the NWS (10 meters) and had no nearby obstructions. These speeds appeared to be consistent
with overall damage patterns.



EYE PASSAGEOVER KAUAI

@ CITIESICOMMUNITIES

. MAJOR ROADS HAENA PRINCEVILLE

~~~~~~

BARKING
SANDS
WSOLIHUE
MILES $
EEm————e
KILOMETERS PORT ALLEN POIPU

Figure 4. Estimated Iniki Eye Passage Over Kauai




FIRST WINDS OVER KAUAI DURINGINIKI

-«———— DIRECTION OF STRONGEST WINDS AHEAD OF INIKI
(ESTIMATES BY T.T. FUJITA BASED ON AERIAL SURVEYS)

SECOND WINDS OVER KAUAIDURING INIKI

DIRECTION OF STRONGEST WINDS BEHIND INIKI
(ESTIMATES BYT.T.FUATA BASED ON AERIAL SURVEYS)

«

(96)

BARKING ‘
SANDS NAVALBASE  \"

wies  ©
WILOMETERS

PEAK RECORDED WIND
GUSTS DURING INIKI (MPH)

MAKAHA RIDGE NAVAL RADAR SITE
(UNCAL!BHATED UNOFFICIAL WIND INSTRUMENT)

7\ LIHUE Nws OFFIGE

>

MwT OBSEHV!NG SITE /% (1 43)

Figure 5. Winds on Kauai From Iniki:




SIGNIFICANT LOCATIONS ON OAHU

KAENA PT.

MAKAHA
~ WAIANAE

NANAKULI

MAKAPUU PT
BARBERS PT. :
HAWAII KAl
MILITARY FACILITY
| (SAND ISLAND, ALA MOANA,
@ CITY/COMMUNITY ANDDIAMONDHEAD

WSFO HONOLULU/CPHC AREINHONOLULU)

Figure 6. Significant Locations of Oahu



Location High Water Mark (FT) Tide Gage Height (FT) Wave Height (FT)
(from USACOE) (Sourceincluded) (Approximate)
Kauai
Kekaha: #1 12.36 5.0 (Port Allen) 7
#2 10.79 6
Pakala 10.11 5
Waimea 10.92 6
Koloa: #1 22.20 17
#2 19.10 14
#3 12.59 8
#4 17.17 12
#5 14.85 10
#6 13.19 8
Poipu #1 18.26 13
#2 15.64 11
#3 18.54 14
#4 14.69 10
Nawiliwili 7.05 2.6 (Nawiliwili) 5
WailuaRiver 13.60 1
Oahu
Makaha #1 12.67 2.3 (Waianae) 10
#2 18.62 16
#3 9.84 8
Sand I. Max 9.81 1.8 (Honolulu) 9
(8 sites) Min 5.64 4
Ala Moana #1 5.63 4
#2 5.38 4
Fort DeRussy 8.71 7
Diamond Head 9.38 8

Table 3. Hawan Water Lével M&asurement6 with inikd

Although most of the damage seemed to result from straight line winds, the DST saw
evidence of touchdown of a small (about 200 feet across at base), very weak(F1 on the Fujita
Tornado Intensity Scale) tornado in the town of Nanakuli.

Seas

Because of the bathymetry of the area, water level rises associated with hurricanes in the
Caribbean, the Gulf of Mexico, and along the Atlantic Coast of North America are generally
higher than those in Hawaii. However, waves and the storm surge generated by Iniki did
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impact some coastal areas. Damage was extensive over southern Kauai and over the western
part of the island of Oahu, especially along the Waianae coast.

The south shore of Kauai from Nawiliwili Harbor to Poipu, Port Allen, and Kekaha received
a severe pounding by surf from swells moving northward ahead of Iniki. Shoreline hotels and
condominiums, especially around Poipu, were particularly hard hit. Preliminary reports from
the United States Army Corps of Engineers (USACOE) noted high water marks ranging from
just over 7 feet at Nawiliwili Harbor to slightly over 22 feet at Waikomo Stream south of
Koloa (Table 3 and Figure 7).

Waves generated by the incoming swells accounted for most of the high water. Tide gage
reports showed storm surges (i.e. water level increases not including the waves) were
generally between 2 and 4 feet on Kauai and western Oahu with peaks along the south Kauai
shore of from 4 to 6 feet.

On Oahu, the hardest hit areas were along the Waianae Coast from Barbers Point through
Makaha and Kaena Point. Less damage was seen along the south shore from Ewa Beach to
Hawaii Kai. Water heights ranged from just over 5 feet around Honolulu to just under 19
feet at Makaha Shores.

Elsewhere, some damage occurred on the Islands around Maui and the Big Island of Hawaii

where southwesterly swells pounded shoreline facilities and small boat harbors and
anchorages.

Deaths/Injuries

Despite the widespread damage, death and injury figures were surprisingly low. Seven
persons died from injuries associated with Iniki while about 100 were injured. Of those who
were Killed, two mariners were lost when their boat was swamped south of Kauai, one
mariner was lost at sea north of Kauai, one man on Kauai was hit and killed by flying debris,
one woman on Kauai was crushed when her home collapsed on her, and one person on Kauai
died of a heart attack. The seventh person died in a fire on Oahu started by a candle that
had been used for light during the power outage caused by the hurricane.

10
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Chapter 11 -- Scientific Analysis of the Event

CPHC forecasters believe that there is a strong correlation between hurricane occurrences in
Hawaii and the existence of El Nifio conditions, the so-called warm event, in the equatorial
eastern Pacific. However, Iniki was not a typical late season El Nifio cyclone. Two of these, Iwa
of 1982 and Nina of 1957, formed during the mature phase of a late November El Nifio near the
Line Islands far to the south of Hawaii and approached Hawaii from a southern direction.
Although there was a strong 1991-92 El Nifio event, Iniki came during its waning stage.
However, sea water temperatures were 1-3° Celsius above normal in the area where Iniki
generated.

Chronology

Tropical Depression Eighteen-E, the precursor to Hurricane Iniki, (see Figure 8 and Table 4)
organized on September 5, 1992, in an area of disturbed weather centered near 12°N, 135°W;

Date/Time Bulletin Pos BestTrack Max Wind MIN Pressure
(UTC) Lat Long Lat Long Knots MB
06/1800 12.2N 140.0W 12.2N 140.0W 30 1008 - est
07/0000 12.5N 141 .0W 123N 141 1 W 25 1008 - est
0600 12.3N 141.7W
1200 12.2N 142.4W
1800 11.5N 143.0W 12.1N 143.0W 30 1004 - est
08/0000 12.0N 144 5W 12.0N 144 5W 35 1002 - est
0600 12.2N 145.8W 12.0N 146.0W 40 1000 - est
1200 12.2N 147 5W 12.1N 147 5W 40 1000 - est
1800 12.4N 149.0W 12.3N 149.0W 50 G65 996 -est
09/0000 12.4N 150.2W 12.4N 150.2W 60 G75 996 -est
0600 13.0N 151.5W 12.7N 151.6W 65 G80 992 -est
1200 13.2N 152.9W 13.0N 152.9W 65 G80 992 -est
1800 13.5N 1564.2W 13.4N 154.3W 80G100 984 -est
10/0000 140N 1554W 13.8N 155.5W 85G105 980 - est
0600 14.6N 156.9W 14.3N 156.9W 90G110 960-drop
1200 149N 1581W 14.7N 157 .8W 1 00GI25 960 -est
1800 15.2N 158.7W 15.2N 158.6W 100G125 951-drop
11~0000 15.9N 159.3W 15.9N 159.3W 110G135 948 - drop
0600 16.8N 159.5W 16.8N 159.8W 115G140 939-drop
1200 18.2N 160.2W 18.2N 160.2W 120G145 938-drop
1800 19.5N 159.9W 19.5N 160.0W 125G150 938-drop
12/0000 21.5N 159.7W 21.5N 159.8W 115G140 945 -drop
0600 23.7N 159.4W 23.7N 159 4W 100G125 959 - drop
1200 25.7N 159.0W 25.7N 159.0W 80G 100 980 -est
1800 28.1N 158.9W 28.1 N158.9W 80G100 980 - est
13/0000 30.4N 158.7W 30.4N 158.8W 65 G80 990 - est
0600 33.0N 158.7W 33.0N 158.7W 65 G80 990 - est
1200 35.0N 158.5W 35.0N 158.5W 50 G65 1000 - est
1800 36.7N 158.1 W 36.7N 158.1 W 40 1002 -est
Note: EST = estimated Best Track = Position of hurricane based on post-storm analysis
DROP =Aerial Reconnaissance Dropsonde Bulletin Pos =Hurricanelocation givenin hurricane bulletin
G = Gust

‘able 4. Hurricane Iniki Best Track
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about 1600 miles southwest of Baja California. It is possible that this depression originated
from a tropical wave that departed the coast of Africa on August 18, 1992. Using satellite
photographs, this wave was tracked for a week across the Atlantic Ocean by the NHC in Coral
Gables, Florida. It then drifted over the northern sections of South America becoming diffuse
and difficult to track. Extrapolation of this wave would put it near Panama on August 28, 1992.
Although it can not be conclusively proven that this was the genesis of Eighteen-E, the
possibility does exist.

Initially, Eighteen-E was estimated to have wind speeds of just over 25 MPH and was moving
generally to the west at around 10 MPH. This continued until the NHC passed responsibility
for tracking the depression to CPHC during the morning of September 6, 1992. CPHC
monitored the depression during the day. By evening, the system appeared on satellite
photographs to be weakening, and CPHC forecasters expected Eighteen-E to dissipate within
24 hours. (See Appendix A.)

By late morning on September 7, 1992, however, forecasters noted that conditions were
changing. Eighteen-E, located near 11°N,143°W and still a tropical depression, was now
embedded in a fairly deep easterly flow along the south edge of the semipermanent subtropical
anticyclone (denoted by an A near the top center of Figure 9). This high, centered near 42°N
latitude between 130 and 170°W longitude, remains over this area most of the summer.
Eighteen-E was becoming better organized and stronger. (Figures 9 through 17 follow the
progression of Iniki at various heights in the atmosphere.)

By the evening of September 7, 1992, the cyclone, now located near 12°N,145°W and having
estimated wind speeds of 40 MPH, was upgraded to Tropical Storm Iniki. On September 8,
1992, it continued intensifying and increased its westward motion to about 15 MPH as the
subtropical ridge shifted slightly southward to along 40°N latitude between 130 and 165°W
longitude. By 11 p.m., Iniki had developed hurricane force winds. It was located near 13°N,
152°W, 510 miles south southwest of Hilo and was moving west northwest at just under 15
MPH. It was to continue on this same general course for the next 24 hours with a steady
increase in intensity.

Up to this point, the system was similar to other hurricanes which cross south of the Hawaiian
Islands. However, Iniki was approaching the western edge of the subtropical high.
Coincidentally, the upper level flow pattern across the North Pacific was undergoing some
changes (Figures 15-17). A large low pressure system was seen by CPHC forecasters on satellite
pictures from the Japanese Geostationary Meteorological Satellite (GMS) and was forecast by
the NMC models to develop during the next 48 to 72 hours well to the northwest of the storm.
This low and its associated trough extended along the International Dateline north from Midway
Island and was surrounded on the west, north, and east by a horseshoe shaped high. This
pattern was watched by CPHC forecasters as it was considered favorable to maintain or increase
the intensity of the storm. The minimal amount of vertical shear that existed to the west and
north of the storm was also favorable for strengthening.

A surface low pressure area was developing near 30°N,160°W just east of the trough (Figures

11-12). Iniki continued west northwestward at about 15 MPH on September 9, 1992. By early
morning September, 10, 1992, it was near 15°N, 159°W, or 465 miles south of Honolulu.
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Meanwhile, the flow pattern in the western Pacific continued to change as a series of short wave
troughs continued to dig the long wave trough southward along the dateline. The subtropical
ridge, the feature that normally keeps the hurricane track south of Hawaii, appeared to be
weakening west of 160°W longitude under the onslaught of the troughs. Southwesterly flow was
developing which CPHC forecasters worried could eventually turn Iniki on a more northward
track.

During the morning hours of September 10, 1992, Iniki slowed. Located near 15°N, 159°W, or
460 miles south southwest of Honolulu, and moving westward at 10 MPH, USAF recon aircraft
reported top winds of over 100 MPH with gusts to over 130 MPH and a central pressure of 951
millibars (MB). By that evening, Iniki had further decelerated and turned to the northwest.

During the night, Iniki continued northward as it encountered the southwesterly flow ahead of
the cold upper level trough. Iniki also began to accelerate. By late morning on September 11,
1992, located near 20°N,160°W, or 140 miles south-southwest of Lihue, Iniki was moving
northward at over 15 MPH. Top winds had increased to 140 MPH with gusts to 175 MPH. The
central pressure was 938 MB making this the most intense portion of the storm’s lifetime. Peak
sustained flight level winds were 155 MPH.

Iniki made landfall on the southwest Kauai coast centered in the Waimea area during the
middle of the afternoon on September 11, 1992. By then, its central pressure, based on the last
recon report and on other low pressure readings in the area, had risen to 945 MB. Lihue
Airport recorded a reading of 966.1 MB (28.53 inches). The USN facility at Barking Sands
recorded a low pressure reading of 984.8 MB (29.05 inches). An off duty weather observer riding
out the storm in Kekaha recorded a reading of 948.2 MB with an uncalibrated, hand held
barometer. The National Ocean Service tide station at Port Allen, which gives hourly pressure
measurements, recorded a low reading of about 960 MB (in Figure 18, the pressure trace has
been extrapolated to yield an estimated lowest pressure value of about 952 MB).

Iniki accelerated rapidly northward reaching a forward speed of about 30 MPH after departing
the islands. It also began to rapidly weaken. By early morning on September 13, 1992, Iniki
was no longer a hurricane. By September 15, 1992, it had become a northeasterly moving
extra-tropical low.

Guidance
Overview

Many objective aids were available to the CPHC forecasters. During Iniki, CPHC forecasters
had access to the results of up to twenty non-routine models for position guidance (Table 5).
Unlike NHC, however, which has direct access to NMC models, CPHC is unable to run any
numerical objective forecasting aids on its own. CPHC provides initial cyclone positions to NHC.
NHC forecasters, then, input this data to NMC where the models are actually run. Model
results are returned to CPHC as alphanumeric products via the established communications link
through NWS Telecommunications Gateway to the Pacific Region’s PRIME system.
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Figure 18. Pressure Traces from Kauai Locations Associated with Hurricane Iniki
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HURRICANE MODELS AVAILABLE TO CPHC FORECASTERS
Source Acronym  Model
NMC AVNO AViatioN model Output
NHC/NMC XTRP eXTRaPolation (a pure extrapolation model)
HURN HURricane aNalog
CLIP ClLlimatology and Persistence
BAMD Beta-Advection Model Deep layer (the beta-advection model with a
mean layer averaged between 850 and 200 millibars)
BAMM Beta-Advection Model Medium layer (the beta-advection model with a
mean layer averaged between 850 and 400 millibars)
BAMS Beta-Advection Model Shallow layer (the beta-advection model with a
mean layer averaged between 850 and 700 millibars)
PSS Pacific Statistical Synoptic
PSDE Pacific Statistical Dynamic Early run
SHFR Statistical Hurricane intensity FoRecast
QLM Quasi-Lagrangian Model (sent much later than other guidance)
NAVY HPAC Half Persistence And half Climatology
CLIP CLiimatology and Persistence
CLIM CLIMatology
XTRP eXTRaPolation
SBAM Shallow layer Beta-Advection Model
MBAM Medium layer Beta-Advection Model
OTCM One way Tropical Cyclone Model
TOTL TOTaL analog
FBAM Fleet numerical oceanographic center Beta Advection Model

Table 5. Numerical Models Available to CPHC Forecasters
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In addition to the routine product suite from the Aviation Model (AVN), NHC sent the CPHC
forecasters output from nine other models specifically used for forecasting tropical cyclone
tracks.

Output from a tenth model was provided by NMC. However, this output was not available until
several hours after the normal forecast cycle. These model runs are initiated by CPHC
forecasters. They provide input data to the NHC or NMC via telephone. After processing, the
guidance information is returned from the mainland as noted above.

Other guidance came through the USN. To begin this process, CPHC telephones input data to
NAVWESTOCEANCEN that in turn, forwards it to FNOC at Monterey, California. FNOC
products are based on models nearly identical to those run by NHC. However, they use the
Navy Operational Global Atmospheric Prediction System (NOGAPS), the USN'’s general
circulation model, rather than the AVN used by the NWS for initialization. The USN further
uses position fixes (also available to CPHC) on storm systems from the USAF Global Weather
Central taken from Defense Meteorological Satellite Program satellites (polar orbiters). The
output from this guidance was sent to CPHC by telephone facsimile (telefax).

Finally, as an added bonus, NOM'’'s Geophysical Fluid Dynamics Laboratory sent telefax
transmissions with results from their experimental model. This included forecasts of position,
maximum winds, and minimum pressures.

All of the NWS models were run every six hours, as is standard practice. The synoptic forecast
from the AVN is updated only every twelve hours, but later storm positions are used in the six
hour intervals.

Overall, the communications between CPHC and the offices supplying guidance products
appeared cumbersome. DST Recommendation: The NWS should review the methods by
which CPHC forecasters receive guidance products to see if they can be delivered in
a more timely and efficient manner. This would at least apply to the method for providing
input data for the various models. As part of this review, the NWS should study enhancing the
computer capabilities at the CPHC and allowing direct contact between CPHC and the models
at NMC.

The recent introduction of a synthetic vortex to the AVN is one of the more promising additions
to the forecasters’ array of aids. However, during a large part of the critical forecasting time
for Iniki (from 2 a.m. HST September 2 until 2 p.m. HST on September 10, 1992), this input
data did not make it into the AVN due to programming problems associated with tracking the
storm from the eastern to the central Pacific. Although a residual of the previous forecast
positions of the vortex remained in the AVN model, as time went on this residual diverged from
the actual cyclone position. Since CPHC forecasters would have been able to see evidence of the
vortex on the graphical AVN products routinely received, the impact of this deviation on their
issuances is unknown.

An impediment to improved forecasting of tropical storm motion is meteorologists’ limited
knowledge of the synoptic flow in the region around a tropical storm. Improved satellite
coverage and technology are not total solutions to this problem. More detailed meteorological
information, such as that provided by dropwindsondes from high flying aircraft out to at least
1000 miles from the storm center, would provide data that would greatly help the forecast effort.
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Perhaps Unmanned Air Vehicles, often referred to as drones, capable of staying in the air for
over a week at a time and releasing the new light weight sondes, could be used.

Local Procedures

Overall, the CPHC forecasters did well in using the guidance and observational tools available.
DST Recommendation: The NWS management should enhance the capabilities of the
CPHC staff by a) providing the CPHC with current written descriptions of all
available forecast tools (e.g., up to date, complete documentation on the dynamic and
analog/climatological models), and b) requiring that model comparisons and forecast
error evaluations become a regular part of the CPHC forecast operation.

The documentation for the forecasting aids at CPHC was between minimal and nonexistent.
Even the very short descriptions of the models provided by NHC were not current. There was
some cursory awareness among CPHC forecasters of the different error tendencies of the models,
but nothing to allow an informed choice between these. For such aids to be of maximum use
to the forecasters, this documentation needs to be provided.

Further, the continual error analysis that is performed at NHC was nowhere in evidence. In
fact, it appears that there is no software available at CPHC to perform such analysis. The
various model forecasts were plotted on acetate with grease pencil during the storm and erased
before each forecasting period. Hence, it was difficult for forecasters to graphically compare the
relative successes of the models from one model run to the next. The only hardcopy comparisons
of forecast aids were forwarded by NAVWESTOCEANCEN from the USN models. Graphical
results were telefaxed from the Geophysical Fluid Dynamics Laboratory, but these did not
provide comparisons between models.

Both the USN and NHC have advanced computer software which would greatly enhance the
data display and processing capabilities of the CPHC. Plans have been in the works for over
a year at CPHC to install such a program, the ATCF system, but it is still not in place. The
current procedure requires a time and labor intensive effort that the ATCF system would
eliminate. Combining this with a high speed communications network such as ETHERNET to
deliver model output data would greatly increase the efficiency of the CPHC operation. The
DST encourages the CPHC to complete the upgrades and enhancements.

One result of this lack of real-time comparisons may have been in which models the CPHC
forecasters accepted and followed during the three days before Iniki struck. The forecasters
indicated to the DST that the objective aids were compatible and consistent through the first
48 hours. Further, it was their impression that the models did not show the slowing and
turning of Iniki that brought its path over Kauai. Of the models available, the forecasters, in
retrospect, felt that the Beta-advection models (BAM) performed best.

An actual comparison of the forecast tracks produced by the various models (Figures 19-20) did
not totally confirm the forecasters’ impressions. Throughout most of the critical forecast period,
the solutions produced by statistical and dynamical models differed widely; up to 200 miles
apart at the 48 hour forecast period. Post-storm analysis indicates that the BAM and the Quasi-
Lagrangian Model did show the slowing and northward turning of the storm at least a day in
advance. Also, the tracks of these do appear to be more accurate than those of the climatological
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models which were primarily accepted by the CPHC forecasters in the time period before Iniki
turned north. However, early runs of these models had the storm curving northward too early
and positioned it far to the east of its actual track. These results undoubtedly added to the low
confidence levels the forecasters placed on the models during later runs.

Inland Flooding/Coastal Flooding

Coastal flooding is a major concern with all tropical cyclones. Although not usually as
devastating as that in the eastern United States, storm surge and rough seas do cause damage
in Hawaii. However, there is no guidance on this available to the CPHC forecasters. The Sea
Lake and Overland Surges from Hurricanes (SLOSH) model, the standard tool for the mainland
United States, has not been adapted to this region.

The sea heights included in the warnings issued by CPHC were based mostly on forecaster
experience and judgement. (A program for calculating combined surge and wave for Hawaii is
under development.) Even though the bathymetry surrounding the islands is not conducive to
the development of large surges, objective aids such as SLOSH should be available to help the
forecasters in predicting storm surge heights. The DST suggests that such a program be
pursued and completed.

Flash flooding due to extremely heavy rains often accompanies tropical cyclones. This is
especially true in areas with high relief such as that found on the larger Hawaiian islands.
WSFO Honolulu issued statements (Appendix A) alerting of the potential for flash flooding on
Oahu with rain totals of 5 to 10 inches expected in some locations. CPHC included warnings
for likely torrential rains and major flooding on Kauai and Niihau in its hurricane products,
while WSO Lihue issued flash flood warnings for Kauai. It appeared to the DST, however, that
these warnings, which were not found to verify, were issued because of the impending presence
of a strong hurricane and not on any objective analysis. There is no river flooding forecast
model available for Hawaii. The DST suggests that the feasibility of such a model be explored.
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Chapter 111 -- Data Acquisition and Availability

Data are always a problem in the maritime world. Widely separated observing sites require
large interpolations and extrapolations when analyses, some of the basic tools used by
forecasters, are made. One product that CPHC forecasters used early in the life cycle of Iniki
was the Deep Layer Winds and Wind Shear Analysis. The areal extent of this product, however,
does not reach far enough west to include Hawaii. DST Recommendation: The NMC should
extend the Deep Layer Mean Winds and Wind Shear Analysis west to the International
Dateline.

Satellite Data

By far, the most important aides available to the CPHC forecasters were the GOES-7 imagery.
These data were received every half hour during the entire period of the storm and consisted
of the following:

1. Visual imagery every half hour during daylight hours.

2. Full disc unenhanced infrared every hour.

3. Enhanced infrared imagery every half hour during night time hours.
4. Water vapor imagery every hour.

The NWS has one fully operational geostationary satellite positioned over the equator at 112°W
longitude. The configuration planned for NWS operations would normally include two GOES
satellites. The lack of the second satellite, which would have been located at about 135°W,
resulted in some operational problems for the CPHC forecasters primarily due to the large
longitudinal angle between the storm and the satellite. Overall, however, the one satellite
configuration provided adequate coverage of Iniki.

To augment the existing satellite, CPHC also receives data from the Japanese GMS. At the
present time, it receives four sectors of the low resolution unenhanced infrared imagery every
three hours, Hawaii is near the eastern edge of the northeast sector. Accuracy of fixes between
170 and 160°W would be, at best, degraded. Beyond 160°W, where most of the Hawaiian
Islands are located, accurate fixes are close to impossible.” Although upstream weather features
that influenced Iniki were seen by this satellite, GMS coverage did not enable forecasters to see
the hurricane.

Determining exact storm positions was the biggest difficulty. CPHC does not have the capability
to calculate needed adjustments between apparent location and actual location for storms in its
area. The Synoptic Analysis Branch (SAB) of the National Environmental Satellite, Data and
Information Service was able to provide some compensation estimates during periodic
coordination calls. However, SAB estimated that position error estimates were up to 20 NM.
Actual usage by CPHC forecasters could not be determined.

In addition to determining position, satellite images are used to determine winds, especially
upper level winds. These data are automatically generated at NMC and input into the AVN
model. The large angle between the satellite and the area around the storm as it approached
Hawaii did not allow winds north and west of Iniki, those that led to its northward turn, to be
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determined. Some compensation for this lack of data, however, was achieved by using data from
the GMS and from commercial aircraft observations.

The satellite section of the WSFO proved invaluable during this episode. Using techniques
developed by Vernon Dvorak, the staff of this section was principally responsible for determining
the past track and initial positions used in all of the numerical forecasting tools and for
estimating Iniki’s intensity. Given the limitations imposed by the single GOES and given the
problems inherent in finding a disturbance center when the storm is not very intense or is in
an environment of relatively large vertical shears, this was sometimes a difficult task. DST
Recommendation: NWS management should insure that the satellite section currently
in place be retained.

Further, the increasing possibility that the existing GOES will fail before its replacement is in
place is of major concern. Back up systems, such as direct access to polar orbiting satellite data,
are not now available. Currently, polar orbiting information is received by Hickam AFB and,
time and resources permitting, the associated transparencies are transmitted to the CPHC via
the back side of its GOES-TAP line. The DST does not believe that this system is sufficient.
Without satellite information, it is most likely storms such as Iniki will not be detected until
they approach land. A HIPS is being procured that will provide this direct access. DST
Recommendation: The NWS should expedite the installation of systems, such as HIPS,
to provide the CPHC with direct access to polar orbiting satellite data. Also, the NWS

should consider providing the CPHC with capabilities for archiving selected GOES
photographs and for directly accessing other data available via satellite. This would
include tide gage data currently available from the GOES.

Surface Observations

During most of its lifetime a tropical cyclone remains over oceans, the most data-sparse sections
of the globe. Satellites, which provide imagery for virtually the entire earth, are the prime tool
used for detecting and tracking these storms. However, at present they do not provide in situ
data for forecasting various storm characteristics (wind speeds, storm movement, etc.).
Therefore, surface data sources, although widely separated, must also be available to assist
forecasters in issuing accurate warnings.

Buoys

Outside of satellite data, buoys provide the most stable data set for ocean environs. Four
weather buoys are sited around Hawaii with three along its southern flank (indicated by stars
in Figure 8). Providing information once an hour, these were the main sources of sea height
information available to CPHC staff. In general, the buoys are sited far enough apart that a
small, intense storm, like Iniki, could sneak between without its true nature being detected.
The west wall of the eye passed less than 60 miles east of Buoy 51003. However, this puts the
buoy in the weaker part of the storm. Wind speeds of about 45 MPH gusting to 55 MPH and
seas of about 18 FT were the highest recorded. The lowest measured pressure was 996.5 MB.
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Land-based Observations

Land-based observational data from Pacific Region stations are not sent directly to WSFO
Honolulu and CPHC. The recorded information, like almost all other alphanumeric data
received on Hawaii, is sent over the Leased Service A and B System (LABS), a system using the
existing telephone network, to the mainland United States where it must be received by the
Weather Service Message Center (WSMC) in Kansas City and forwarded to the NWS
Telecommunications Gateway. From there it is routed to the PRIME computer system, the
Pacific Region’s internal communication and processing system. As a backup, observations are
returned via the LABS to WSFO Honolulu directly from WSMC. Whenever a communications
outage occurs, either within Hawaii, within the critical communications systems on the
mainland, or within the WSMC itself, all data to WSFO Honolulu and the CPHC from affected
sites are lost.

The only backups to this are regular telephone lines or radio. On other Pacific island WSOs
backup radio systems have been installed due to the unreliability of local telephone systems.
However, the reliability of telephone communications across Hawaii led to the belief that such
were unnecessary within the state. This belief was proven wrong by Iniki. This was previously
noted in a National Academy of Science report written after Hurricane Iwa in 1982. Downed
telephone lines and destroyed telephone relays triggered major communications outages across
all of Kauai within four hours of landfall. DST Recommendation: The NWS should require

installation of reliable, independent, backup communications with the WSO in Lihue

(and other Hawaiian WSOs).

As a result of the telephone outages, CPHC lost all observations from Kauai as the storm
approached, crossed the island, and departed. Especially c