Cliff collapsing in Waipi'o Valley, Hawai'i during the 15 October, 2006 earthquake.
http://commons.wikimedia.org/wiki/Image:2006_Hawaii_earthquake.JPG

Chapter 4
Nei ka honua, he ola‘i ia

“When Earth trembles it is an earthquake”
Earthquakes and Tsunami

The largest locally-generated Hawai’i tsunami in modern time was triggered by sudden,
violent ground motion on the south shore of the Big Island associated with a magnitude 7.2
earthquake (some geophysicists argue that the quake was larger, perhaps 7.7%) on November 29,
1975. Thirty-two campers at Halape experienced the earthquake and tsunami firsthand. The
campers were able to stand during the initial violent shaking caused by the earthquake but soon
lost their balance if they did not cling to trees or large rocks for support. A deafening roar rose
from the steep cliffs above Halape as rockfalls rumbled downhill. Many campers, frightened by
the noise, moved closer to the beach to escape the falling rocks.

Fearing a tsunami, some campers ran toward the beach to check the water and found a slow
but noticeably rising sea. Within a minute or so the sea-level rise accelerated, causing them to
run back toward the rockfalls at the base of the cliffs. The ocean began to rise into a foamy,
surging discharge of debris-filled seawater, knocking many of the campers off their feet and
briefly submerging some as they fled for higher ground. They barely had time to catch their
breath before a second tsunami struck, far more turbulent and higher than the first. A giant wave,

Chapter 4 Earthquakes and Tsunami 1



reaching as high as forty-eight feet, carried every loose object in its path over 300 feet inland.
Trees, debris from the Halape camping shelters, car-sized boulders, horses, and people were
swept into a pre-existing twenty-foot crack in the ground and churned by the surging waters. One
camper said he felt like he was “inside a washing machine.”

‘

Maximum tsunami heights Opeet) on Hawai ‘i generated by the 7.2 earthquake on November 29,
1975. The epicenter of the earthquake is shown by the star. (U.S. Geological Survey)

The tsunami was over in about ten minutes, although several smaller waves repeatedly
washed over the exhausted victims stranded in the crack. One person was drowned or battered to
death during the terrifying ordeal; another was swept out to sea and never found. Nineteen
people were injured at Halape, seven of whom required hospitalization.?

The tsunami at Halape Campground was generated by a local earthquake associated with the
active volcanism at Kilauea. This illustrates one of the greatest threats to coastal safety in
Hawai‘i: a locally-generated tsunami hitting our crowded shores with little warning. Tsunamis
from across the Pacific, while dangerous, can be spotted in time to call for a general evacuation
of our coastal area using the system of sirens that exists throughout the islands.® While
evacuation of our coastal zone in such an event is by no means assured to be a smooth and
problem-free process, and assessing the likely impact of a distantly generated tsunami remains a
significant challenge to scientists, at least the availability of some fore-notice provides
individuals time to consider appropriate action. But an earthquake among the Hawaiian Islands
that generates a tsunami will hit our shores in mere minutes, straining the capacity of our
evacuation system by leaving each of us little time to realize the threat, evaluate a retreat, and
evacuate the area.

Hawaiian Earthquakes

While the islands’ natural history is measured in protracted, mostly quiet, geologic time, the
actual processes of landscape evolution are often abrupt and catastrophic. Earthquakes, volcanic
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explosions, tsunamis, great storms, floods, and landslides are instantaneous events. Repeated
frequently through time they become the artisans behind Hawai‘i’s spectacular scenery and
Murphy’s Law behind its catastrophes.

Do you know when the last major earthquake or explosive eruption occurred in Hawai‘i?
Without the urgency of a recent disaster, most of us incorporate past calamities into our
subconscious and move on with our lives. We trust to leave our safety to the guiding hand of a
vigilant government. Our trust is well-placed with the committed and experienced scientists at
the NOAA Pacific Tsunami Warning Center where threats are monitored and the first alerts are
sent out to a vulnerable public.* We are also well served by state and county Civil Defense
offices where evacuation and mitigation steps are planned and executed.® But is government
protection adequate? Or are we building lives that are vulnerable to natural disasters? It is a sad
fact that disaster loss increases in the United States seem to be mostly tied to population growth
and investment in high-risk areas.® As a reminder to us, and to our elected officials, of what we
risk by poor planning it pays to recall catastrophic events that occurred in Hawai‘i’s history. This
builds awareness in our consciousness of what may occur at any time and provides a guide to
mitigating the damage that will be caused by future disasters. If you lead a life oblivious to the
tsunami threat, you are the most likely to succumb to their deadly reach.

The Great Ka‘u Earthquake of April 2, 1868, isn’t exactly fresh in anyone’s mind but
perhaps Pele feels that it is an impressive performance worth an encore. After six days of
foreshocks, the earthquake, centered below the island of Hawai‘i’s south coast, unleashed its
massive pent up energy. The Ka‘u district was hardest hit, losing every stone wall and many
stone houses. Wooden buildings shifted off of their footings, and the majority of Big Island
cisterns were either damaged or destroyed triggering an island-wide drinking water crisis.
Buildings from Hamakua to Hilo collapsed as ground fissures split open in the streets. Across the
island, hundreds of landslides tumbled down the steep slopes. Ground on the flanks of Kilauea
crater cracked, and the island’s southeast coast abruptly dropped six feet. Crockery fell from
kitchen shelves on Maui, and as far away as Kaua‘i tall trees swayed violently.

The magnitude of this great quake — the largest earthquake to occur in the Hawaiian Islands
in historic time — was estimated at 7.9 on the Richter scale. The fault movement that generated
this shock wave was the result of molten rock rising into rift zones, swelling the volcano, and
wedging its base seaward. For almost 90 seconds, the entire southeast flank of Mauna Loa
volcano slid out across the sea floor, producing severe shaking and, by pushing water ahead of it,
triggering a devastating tsunami with waters flooding as high as fifty feet. The tsunami wiped out
all signs of inhabitance in a village called Keauhou. Half a dozen fishing communities along the
south shore were abandoned due to heavy damage.

The reported death toll from the tsunami of seventy-seven people may well be an
underestimation. The quake triggered a mudflow in the Wood Valley of Ka‘u that killed an
additional thirty-one people. Two more people perished from falling rocks near Hilo. Scientists
at the Hawai‘i Institute of Geophysics, who studied the likelithood of earthquakes of this intensity
recurring in the Ka‘u-Puna area, have stated: “The potential for hazards is so obvious that the
area should be considered off limits for normal permanent residency.”’
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Shaky Ground

Earthquakes in Hawai‘i are closely related to volcanism. Like volcanoes, they too are an
important component of the island-building processes that have shaped the Hawaiian
archipelago. And like future volcanic action, earthquakes are more likely to occur among the
younger islands than on the older ones. Yet, the threat of a large earthquake occurring in the area
of Maui to O‘ahu is far greater than the threat of a volcanic eruption.

Hawaiians were reminded of this threat when we awoke to a pair of earthquakes on Sunday,
October 15, 2006. The main quake occurred first at 7:07AM. This magnitude 6.7 shaker was
followed seven minutes later by another powerful shock registering magnitude 6.0. The first
quake occurred twenty-four miles beneath Kiholo Bay north of Kona on the Big Island and the
second was twelve miles beneath the seafloor off Mahukona.

Geophysicists hypothesize these two earthquakes were associated with stresses generated by
the huge load of Mauna Loa on the lithosphere. As the weight of Mauna Loa pushes down, it
flexes the underlying rock generating extension (stretching) in the deep lithosphere and
compression (squeezing) in the shallower lithosphere. The main 6.7 magnitude quake was caused
by extensional stress breaking rock in the upper mantle. The shallower 6.0 magnitude quake was
compressional, an unexpected result because it was the product of a different mechanism, a
different fault, and a different stress environment from the first one. These differing types of
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quakes carry some chilling news: they can occur at any time, on any side of the island, they do
not give notice, and having a recent quake does not mean that underground stress is relieved.
There can be decades between quakes — or minutes.

Deeper quakes such as these tend not to cause tsunamis. But they can nonetheless cause
horrendous damage. The larger quake knocked down buildings and damaged others. Dozens of
homes were declared uninhabitable, all power on the island of O‘ahu was knocked out for most
of the day, emergency radio stations were inoperable, bridges and roads were closed, thus
isolating rural communities for days to weeks. In all, quake damage to the Big Island alone is
estimated at $200 million.®

Most Hawai‘i quakes occur in places of weak rock within or at the base of the young shield
volcanoes on the Big Island as they change shape to accommodate magma moving into and
through the structure. However, quakes may also occur within Earth’s crust and in the upper
mantle beneath the Big Island and further to the northwest at O‘ahu, Moloka‘i, Lana‘i,
Kaho’olawe, and Maui. These islands are highly vulnerable to seismic shaking. In the past 150
years, several strong quakes have caused extensive damage to roads, buildings, and homes,
triggered local tsunami, and resulted in the loss of life in Hawai‘i.

Volcanism, in the form of magma breaking rock as it moves through the interior of a
volcano, is the catalyst for about 95% of the earthquakes on the Big Island. However,
earthquakes are not exclusive to the Big Island. In the central region encompassing Maui,
Lana‘i, Moloka‘i, Kaho’olawe, and O‘ahu, seismicity is generally related to tectonic activity on
the seafloor close to the islands. An important exception to this is the high potential for volcanic-
related seismicity on Maui’s Haleakala Volcano as magma moves within the towering slopes of
the mountain. The northwestern, or Kaua‘i-Ni‘ihau, region has experienced damage from
earthquakes originating farther south but no significant seismic activity has originated among
these northern islands. Consequently the earthquake risk for the northwestern islands and Kaua‘i
has been evaluated as minimal.

Here is a history of large earthquakes in Hawai‘i compiled by the Pacific Disaster Center®.

History of Large Earthquakes in Hawai‘i

Year | Date | Magnitude Source

1868 | Mar 25 6.5-7.0 Mauna Loa south flank

1868 | Apr?2 7.5-8.1 Mauna Loa south flank

1871 | Feb 20 6.7-6.9  |South of Lana‘i

1918 | Nov 2 6.2 Ka‘oki, between Mauna Loa and Kilauea

1919 | Sep 14 6.1 Ka‘u District. Mauna Loa south flank

1926 | Mar 19 >6.0 NW of Hawai‘i Island

1927 | Mar 20 6.0 NE of Hawai‘i Island
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1929 | Sep 25 6.1 Hualalai
1929 | Oct5 6.5 Hualalai
1938 | Jan 22 6.9 N of Maui
1940 | Jun 16 6.0 N of Hawai‘i Island
1941 | Sep 25 6.0 Ka‘oki
1950 | May 29 6.4 Kona
1951 ﬁﬁé %21 gg Basal slip of volcano
1952 | May 23 6.0 Kona
1954 | Mar 30 6.5 Kilauea south flank
1955 | Aug 14 6.0 Tectonic
1962 | Jun 27 6.1 Ka’“'oki
1973 | Apr 26 6.3 Tectonic
7.2
1975 | Nov 29 | (probably |Kilauea south flank
7.6t07.7)
1983 | Nov 16 6.6 Ka‘oki
1989 | Jun 25 6.1 Kilauea south flank
2006 | Oct 15 6.7 Kiholo Bay, Big Island
2006 | Oct 15 6.0 Mahukona, Big Island

Earthquake Damage

The amount of damage caused from an earthquake depends upon several factors, including
the duration and strength of shaking by the quake, the type of soil in the affected area, and the
strength and type of buildings within range. Generally speaking, Hawaiian earthquakes generate
short episodes of shaking. However, on November 16, 1983 an earthquake on the Big Island
caused the ground to shake for nearly an entire minute and the 1972 Kalapana quake had a total
duration of over a minute.'® Predictably, the longer the ground shakes, the greater the damage
done. The amount of shaking is amplified around thick, soft, wet soils and the shallower an

earthquake is, the more intense the shaking is likely to be near its epicenter (the point on Earth’s
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surface directly above where faulting has occurred). If extensive shaking takes place, the
surrounding soil may even undergo liquefaction, a process by which water-saturated sediment
temporarily loses strength and acts like a liquid causing buildings to collapse.

The greatest damage attributable to earthquakes is the destruction of buildings. As mentioned
above, the amount of damage varies depending on the type and construction of a building.
Wood-frame houses frequently suffer lateral displacement, collapsed supporting posts, warped
windows and doors, and distorted frames. Most often this is because a building will have a
poorly attached or completely unattached foundation. Some of these damaging effects can be
decreased if a structure is anchored to bedrock instead of sitting on unconsolidated dirt (such as
underlies most of the Waikiki area).™

Cinder block buildings suffer cracking and wall collapse, and building attachments such as
drain pipes, chimneys, and ornamental facades often separate from the walls. Water tanks and
stonewalls commonly shift laterally and collapse. Although all structures remain at risk, there
are ways to construct earthquake-resistant buildings by establishing a continuous load path from
the roof to the foundation, by using flexible materials in the original design, and by making sure
your structure is firmly attached to its foundation.

The October 15, 2006, quakes spurred a statewide effort to adopt updated building codes in
order to gear new construction and retrofit older buildings to a higher standard of engineering.
All counties, even relatively quiet Kaua‘i, are considering or have adopted the updated
international building code, employing the latest structural techniques to safeguard against
damage due to seismic shaking.'? These steps include constructing a continuous path of
connected building components from the roof to the foundation, doubly securing load-bearing
walls %nd beams in the house, employing double-wall construction on all framing, and other
steps.

You can mitigate the effects of earthquakes in advance by doing these, and other, simple but
effective measures:

1. anchor tall bookcases, computers, appliances, and propane tanks;
2. install latches in cupboards, and cabinet doors;

3. secure gas and water lines,

4. brace weak walls, and

5. mount pictures and mirrors to the wall.

For more information review the FEMA brochure “Avoiding Earthquake Damage: A
Checklist for Homeowners™ at http://www.fema.gov/pdf/hazards/ertdam.pdf.

Earthquake Readiness: Are Precautions Being Taken?

Although seismologists analyze the frequency and patterns of earthquake occurrence, it is not
possible to predict when a quake will occur, nor how big it will be. It is also not possible to
prevent a quake from happening. As with all geologic hazards, when facing the inevitable,
mitigation becomes important. The Big Island demonstrated considerable forethought by
implementing earthquake resistant building codes and disaster preparedness plans that are
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regularly updated as construction methods improve. This is an important type of mitigation that
many communities employ.

An equally critical component of a successful mitigation strategy is convincing both the
authorities and residents of islands besides the Big Island that they are at risk as well. After
Hawai‘i County, Maui County has the next greatest earthquake risk in the state — a sobering
statistic that should not be taken lightly.™* O<ahu also faces seismic risk: it is currently being
carried over an arch in the lithosphere caused by the weight of the Big Island, a motion that
might result in small earthquakes.™

The widespread destruction from the 1938 Maui and 1948 O‘ahu earthquakes, as well as the
history of earthquakes on Lana‘i and the Moloka‘i Fracture Zone, are harbingers of events to
come. The critical difference now is the increased density of population and property at risk.
Much of the commercial district of Honolulu and Waikiki rests on unconsolidated soil that will
experience heightened ground motion when the next quake arrives. Anyone with a stake in the
state’s tourist economy should consider that it would take a decade to recover from a disaster in
which widespread fatalities and infrastructure damage occur.

A State Science Agency

As the table of Hawai‘i earthquake history clearly indicates, this state has a history of
damaging seismic events. But who within state government is responsible for scientific analysis
and monitoring of the seismic threat? The answer is that we largely look over the shoulders of
generous researchers in federal agencies and at the University of Hawai‘i who are not
specifically tasked with the responsibility of assessing the hazard, yet who nevertheless volunteer
their time and research results. Our official risk assessors are the folks at Hawai‘i State Civil
Defense who deal with this information gap by organizing experts from various agencies and
departments into committees that meet and share ideas and data.

This is fine but it is a band-aid analysis. Hawai‘i needs a state science agency, a “geological
survey”, with responsibility to gauge and help prepare state citizens for seismic hazards as well
as our other geologic threats (e.g., rock falls, flash flooding, sea-level rise, coastal erosion, and
others). Such an agency would offer the advice that sister agencies need for decision-making that
is so glaringly lacking at present. Civil defense is meant for managing people before, during, and
after a disaster, as well as mitigating hazards likely to visit their damage upon a region. It simply
is not effective to ask them to serve as a scientific agency; they are not trained for it and it is not
in their mission, they do so only out of necessity in order to fill an obvious gap in our system of
public safety. A geological survey would be responsible for producing and disseminating
scientific information, monitoring threatening natural hazards, and providing authoritative
advice. To the detriment of public health and safety, we lack this organized science component™.

A Surge of Water: Tsunami

A tsunami is a series of great waves caused by violent movement of the seafloor — usually an
earthquake, submarine landslide, underwater volcanic explosion, or faulting on the bottom of the
ocean. Tsunami differ from regular ocean waves that are generated by the wind because of their
great speed (up to 590 mph), long wave length (up to 120 miles between wave crests), long
period (varying from five minutes to a few hours, generally ten to sixty minutes between wave
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crests), and low height in the open sea. The first wave may not be the largest, so the danger from
a tsunami can last for several hours after the arrival of the first wave. Sometimes the trough of a
tsunami arrives at a shoreline first causing the water to recede, exposing the ocean floor. In other
cases the tsunami crest may arrive first with no attendant retreat of the ocean. In coastal areas
tsunami height can be as high as 100 feet in extreme cases. They can move inland several
hundred feet to over a mile, traveling up rivers and streams connected to the ocean as they
damage bridges and buildings along the banks.

When we hear news reports of a tsunami, it is easy to be misled by accounts of the wave
height. Let’s say a tsunami is reported with a “six foot wave height”. Most people in Hawai‘i
would think to themselves, “That’s not so high; six foot waves arrive on our shores a couple
dozen times a year and don’t even trigger a high surf warning.” It is a mistake to compare a
tsunami with a typical wind wave. A wind wave passes by in a few seconds; a tsunami wave
takes many minutes to pass by. The equivalent of a 6 ft tsunami wave would be a 6 ft raging
river running across the shoreline. Could you survive a six foot deep raging river? Of course not.
Most people would be knocked down and dragged helplessly by a 2 ft tsunami. The reported
tsunami wave height is the predicted depth of the water as it flows across the shoreline. Anything
over one foot can potentially be a killer if you are caught in the swirling currents.

What does a tsunami look like? This bore was the front of the Indian Ocean tsunami that, in
places, had a wave height over 100 feet and killed more than 225,000 people in eleven countries.
(Courtesy of the Knill Family)

Everyone has viewed the terrible images from late December 2004, when lithospheric plates
meeting on the seafloor of Sumatra unlocked and shifted the ocean bottom vertically over fifty
feet. The resulting wave rocketed across the Indian Ocean and wiped out coastal communities
thousands of miles apart. The earthquake that spawned that killer was the second largest ever
recorded and ripped the seafloor along a fault that was nearly 1,000 miles long. This earthquake
had the longest duration of faulting ever observed, between eight and ten minutes, and the sea
floor rupture traveled between approximately 4,700 and 6,300 miles per hour from south to
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north. It caused the entire planet to vibrate as much as half an inch and triggered other
earthquakes as far away as Alaska.'’

We are all susceptible to the common misconception that tsunami are monstrous waves the
size of skyscrapers with the perfect shape of a pipeline barrel. However, these are inaccurate
characterizations. A tsunami more closely resembles a rapidly approaching wall of foamy water
followed by a rising tide that floods the coast in a matter of minutes. It is not a huge, surfable
wave. When a tsunami hits, it’s as if a large river of ocean water were directed onto the shore
lasting several minutes and potentially rising dozens of feet.

The town of Lhoknga, on the coast of Sumatra. These satellite photographs show the force and
extent of the 2004 Indian Ocean tsunami. The only building to survive was the mosque, seen as
the prominent white structure on the right of both images. The tsunami was caused by sudden
movement of the seafloor. [full page] (from Nature, 455, 1183-1184 (30 October 2008) |
doi:10.1038/4551183a; Published online 29 October 2008;
http://www.nature.com/nature/journal/v455/n7217/fig_tab/4551183a_F1.html
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Tsunamis flood the land with a turbulent mass of white water known as a bore. The bore,
looking like a large wave traveling through a surf zone, is not surfable because it is not a
coherent body of water; it is largely a mass of aerated foam and debris that will not support the
weight of a surfer. The bore pushes into vegetation, across roads, through shorefront houses — all
the while the water level rises. That is, at the peak, the beach may be under five to ten or even
thirty feet of water. In the Indian Ocean tsunami, an extreme case, the depth was seventy-five to
150 feet in some locations. The height achieved depends on the topography of the seafloor.

The onward surge of water moves with great speed and results in property damage, injuries,
and death when the tsunami is large. Reports from Indonesia show that when all this water starts
flowing back out to sea, it floats houses, drags cars, erodes the soil and carries helpless people in
a massive filthy plume directed offshore hundreds of yards to a mile or more. Being caught in
this swirling torrent is when many deaths occur by drowning. The true character of a tsunami is
apparent when you consider the nature of the wave — the crest alone can take ten minutes or more
to pass an island and the following trough may take half an hour or more.

The Hawaiian Islands have a long history of tsunami because we lie in the middle of the
Pacific Ring of Fire. Throughout the Pacific are active plate margins capable of suddenly
moving the seafloor. Additionally, we live on active volcanoes with unstable slopes, making us
surrounded by dynamic geologic processes that cause tsunami. It is not surprising, then, that
Hawai‘i is the most tsunami vulnerable location on the planet. We average one tsunami every
year and a damaging occurrence every seven years.'?

Between 1929 and 1998, tsunami caused 222 deaths in the Hawaiian Islands and over $50
million in reported damages.*® The April 1, 1946, tsunami had the highest death toll of any
modern natural hazard event in Hawai‘i. The town of Hilo was hit by six to seven large waves
with heights up to twenty-five feet that surged in at fifteen-minute intervals. These waves
pummeled the shoreline, punching several city blocks inland, demolishing Hilo’s waterfront,
ripping every house from its foundation and dragging them across the street, only to smash into
other buildings. The death toll was 159 people.?’ That tsunami damaged all of the islands but was
particularly devastating to the island of Hawai‘i, caught completely unaware early one morning.
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Table 5.20-- TSUNAMIS WITH RUN-UP OF 2 METERS (6.6 FEET)

OR MORE: 1812 TO 2007

[Revised and amended as of April 29, 2008]

Maximum
height in
Hawaii
Deaths
in
Date Place of observation Source Meters | Feet | Hawaii Damage in Hawaii
1812: Dec. 21 1/ |Hookena, Hawaii California 25 8 - Hut flooded
1819: April 12 |W. Hawaii Chile 20 7 - Houses destroyed
1837 Nov. 7 Hilo, Hawaii Chile 6.0 20 16 100 houses destroyed
1841: May 17 Hilo, Hawaii Kamchatka 46 15 - Unknown
1860: Dec. 1 Maliko Bay, Maui N. Pacific 2/ 36 12 - Houses, wharf destroyed
1868: April 2 Keauhou Landing, Hawaii |Ka'u 137 45 47 | Severe in Puna and Ka'u
1868: Aug. 13 [Hilo, Hawaii Chile 46 15 - Houses, bridges destroyed
1869: Aug.24 |S.E.Funa S. Pacific 2/ 8.2 27 - Houses destroyed, roads washed out
1877 May 10 Hilo, Hawaii Chile 48 16 5 | Severe in Hilo
1878: Jan. 10 Maliko Bay, Maui N. Molokai 2/ 36 12 - | Scattered flooding, N. Maui, N. Oahu
1896: June 15  |Keauhou, Hawaii Japan 5.5 18 - Houses, wharfs, stores destroyed
1903 Nov. 29 Pelekunu, Molokai M. Molokai 45 15 - Houses destroyed on Maui,
railroad washed out on Oahu
1906 Aug. 17 |Maalaea, Maui Chile 36 12 - Fiers damaged
1919 Oct. 2 Hoopuloa, Hawaii S. Kona 43 14 - | Wharf damaged, car swept away
1922 Nov. 11 Hilo, Hawaii Chile 21 7 - Fishing boats swept away
1923 Feb. 3 Hilo, Hawaii Kamchatka 6.1 20 1 |%1,500,000
1933 March 2 |Keauhou, Hawaii Japan 3.2 10 - Boathouses, walls destroyed in Kona
1946 April 1 Waikolu valley, Molokai | Aleutian Islands|  16.4 54 159 |%26,000,000
1952 Nov. 4 Kaena, Oahu Kamchatka 9.1 30 - |%1,000,000
1957: March @ |Haena,Kauai Aleutian Islands| 16.1 53 - |%$5,000,000
1960: May 22 Hilo, Hawaii Chile 10.5 34 61 ($23,000,000
1964: March 27 |Waimea Bay, Oahu Alaska 49 16 - |$88,000
1975: Nov. 29 |Keauhou Landing, Hawaii|S. Puna 14.3 47 2 |%1,500,000

1/ Earliest tsunami for which definite information exists.

2/ Probable source.

Source: George Pararas-Carayannis Catalog of Tsumamis in the Hawaiian Islands (U.S. Coast and 'Geodetic Survey, May 1969);
Hareld G. Loomus, The Tsumami of November 29, 1975 in Howaii (Hawail Institute of Geophysics, December 1975), pp. 1 and 10;
D.C. Cox and J. Morgan, Local Tsunamis and Possible Local Tsunamis in Howaii (Hawau Institute of Geophysics, Report HIG 77-14,
November 1977); Doak C. Cox, Tsumami Casualties and Mortality in Howaii (Unmiversity of Hawail, Emviironment Center, June 1987),
p. 39, James F. Lander and Patricia A Lockridge United States Tsunamis (Including United States Possessions) 1690-1958,
Publication 41-2, National Geophysical Data Center, August 1989, pp.17-77; U.5. Geological Survey, Hawaiian Volcano Observatory,
records; Pacific Tsunami Warning Center, records.

Tsunamis that have hit Hawaii with run-up of 2 m (6.6 ft) or more between 1812 and 2008.
http://hawaii.gov/dbedt/info/economic/databook/db2007/index_html

Ring of Fire

Surrounding the Hawaiian Island chain is a vast circle of highly volatile subduction zones —
places where moving lithospheric plates are recycled down into the mantle. When they produce
melting, the magma feeds ranges of volcanoes (such as the Aleutian Islands and the Cascade
Range) and the subduction process can generate large earthquakes. The Pacific Ring of Fire
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owes its name to the circle of volcanoes and earthquake zones along the Pacific rim of Asia, New
Zealand, and North and South America. Many of Earth’s greatest earthquakes have occurred
along the borders of the Pacific Plate, and this trend will continue. Hawai‘i sits at the center of
this ring, a bulls-eye positioned as a potential target for the seismic ocean waves generated by
seafloor movements in and around the entire Pacific Ocean.

HAWAIT'S TSUNAMI RISK: NO COAST IS SAFE

Hawai'i is threztened by tsunamis from local sources, such as earthquakes or landslides around the
state's own volcanic structure, as well as from distant earthquakes at the rim of the Pacific Ocean's vast
tectonic plates.
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The Pacific Plate is surrounded by subduction zones that produce earthquakes, volcanoes,
landslides, and tsunamis. Hawai i sits at the center of this ring. (Honolulu Advertiser)

Fortunately, the scientists at the Pacific Tsunami Warning Center®* in Ewa Beach are
constantly monitoring earthquakes and sea level around the Pacific and will issue a tsunami
warning if one is detected within the Pacific. On the other hand, if a locally-generated submarine
landslide, volcanic eruption, or seafloor fault occurs, the resulting tsunami will race upon all
seven major Hawaiian Islands within five to forty minutes; little time for warning and
evacuation. Nonetheless, the geophysicists at the Warning Center in Ewa Beach are tackling this
problem by adding seismometers throughout the islands and automating their procedures.
Within seconds of a large earthquake in the Hawaiian Islands a computer program tells them the
location. Knowing that the most likely quake to generate a locally damaging tsunami is a
seaward sliding of the south flank of Kilauea or of the south or west flanks of Mauna Loa,
warning center scientists can rapidly evaluate the threat of a tsunami from an earthquake and
sound the statewide sirens in less than five minutes. Considering that tsunami travel time from
the Big Island south shore to Hilo is about ten minutes, and to Waikiki about thirty minutes, this
should give sufficient time get out of the water and into safe areas if people react immediately.
But will they??
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Complacency Kills

One of the greatest concerns of civil defense agencies everywhere is the threat of
complacency. In Hawai‘i, this problem has grown every year since 1964, the last time a major
tsunami affected the whole state. Two generations of Hawaiian kama“aina have come of age
without any direct tsunami experience. Hundreds of thousands of new residents, lacking tsunami
education or the cultural memory of their grandparents’ experience, have immigrated to the
islands in the forty-year period of quiescence. Millions of tourists come and go without any
awareness of what the yellow or green sirens along the coast signify. In these decades, surfing
and water sports have exploded in popularity and at any given moment of the day many
thousands of people are at play or work in coastal waters, confident that the safety of the
shoreline is only a short swim or surf away.

Our civil defense officials fear that the next major tsunami will be a record catastrophe. This
concern may be absolutely justified. In a 1986 tsunami warning, O‘ahu motorists fled via routes
such as the Kalanianaole Highway through areas that would have been inundated had the
tsunami reached a major scale.”® In October 1994, an estimated 400 foolhardy surfers were on
O‘ahu’s north shore and ignored a tsunami warning.”* Others purposely paddled out in Waikiki
at the predicted time of arrival thinking they would get the ride of their lives. They very well
might have had their last ride, had not the tsunami been only a few inches high. Although it was
minor, even a moderate event would have resulted in fatalities, while dozens of board riders
would have died in a major event. Such complacency and willful ignorance is going to lead to
unnecessary casualties.

Hawai‘i residents are familiar with the 11:45 a.m. first working day of the month siren test.
This is your personal reminder, a moment to think — “What would I do right now if a tsunami
were coming?” “Do my children know where to go?” All coastal residents should be familiar
with the tsunami warning system (steady three minute siren tone alert signal for any emergency;
tune in to local media for emergency information), and know what to do when a tsunami
threatens. The tsunami hazard maps in the phone book provide excellent guidance on where our
most vulnerable lands are located; when you hear the siren - head inland. Remember, you may
only have minutes to escape if this tsunami is locally-generated.

Are We Ready?

Hawai‘i Civil Defense officials are well-aware that a locally-generated tsunami could cause
damage along our crowded shoreline. But have we made adequate plans for evacuation
considering a wave could arrive in less than half an hour? The plan for residents of Waikiki to
vertically evacuate (head for the third floor and higher of buildings) during a tsunami was tested
by a merchant in the International Marketplace — in the heart of Waikiki.

Knowing that he would be expected to find his way to the third or fourth floor of the nearest
building in the case of an emergency, he conducted a self-imposed drill. He walked from
building to building around his business and discovered the following:

e A lack of street signs offering guidance;

Chapter 4 Earthquakes and Tsunami 14



e No signs in building lobbies indicating evacuation routes, great difficulty finding
stairwells;

e Some lobby stairwells were locked;

e Many stairwells marked with signs warning they were not to be used;
e Long waits for elevators;

e Hotel employees untrained in disaster preparedness;

It is not hard to imagine the utter chaos that would result with thousands of tourists and
residents in Waikiki desperately trying to get out of the way of an approaching killer wave.

Facing the Inevitable

So, the question remains: Have the people of the Hawaiian Islands learned the lessons that
earthquakes and tsunami have to teach? The events we consider to be “natural disasters” are
simply natural processes that form and shape Earth over time. Given their inevitability, why do
we fail to adequately incorporate them into community planning? If you insist on living in a
tsunami zone, why would you want the bearing walls in your home to face the ocean — shouldn’t
they be oriented perpendicular to the shore? Why would you build your home on a flat concrete
slab? Wouldn’t you want the water to roll beneath your home? Why are we allowed to build next
to the shore at all? Wouldn’t we want to keep some distance between our families and the next
killer tsunami? Why would we want to concentrate tourists in high hazard zones?

Natural processes only turn hazardous once people get in their path with vulnerable
roadways, subdivisions, schools, and entire communities. In order to reduce the risk associated
with geologic events, it is important that we understand the natural hazards that threaten the
islands, and why and how they occur in Hawai‘i, so that we can prepare for those that are
certainly yet to come. Please find below some suggestions on what to do if a tsunami threatens.

Before an Emergency Threatens:

e Have a family disaster kit. Officials recommend all items should fit in a five gallon
bucket and include essentials for survival: food, water, and warmth. For a list of
suggested items see http://www.scd.state.hi.us/documents/red_cross_Kkit_checklist.pdf.

e Discuss evacuation plans with your family so everyone knows what to do, where to go,
and how you’ll communicate and meet later.

e Check tsunami inundation and evacuation maps in the phone book to determine if your
home, school, or business is in a flood prone region.

e Know the best route to evacuate an area.

When a Siren Sounds:

e Listen to television and radio stations for instructions on how to proceed and whether to
evacuate.
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e Be prepared to walk out of the danger zone in case of traffic grid-lock.
e Avoid telephone use so that circuits are not overloaded.

If you are Instructed to Evacuate:
e Wear protective clothing and sturdy shoes.
e Take your disaster supply Kkit.

e Use travel routes specified by local authorities and don’t use shortcuts because certain
areas may be impassable or dangerous.

After the Tsunami:
e Don’t return to low-lying areas until the all-clear is sounded.
e Be prepared to identify yourself to emergency officers.
e Be alert to damaged buildings, downed electrical wires, debris, and fires.

Here are some sources of information for you:
Pacific Tsunami warning Center: http://www.prh.noaa.gov/ptwc/

Hawaii State Civil Defense: http://www.scd.state.hi.us/

Pacific Disaster Center: http://www.pdc.org/iweb/pdchome.html

U.S.G.S. Atlas of Natural Hazards in the Hawaiian Coastal Zone:
http://pubs.usgs.gov/imap/i2761/

UH Sea Grant Publications:

Purchasing Coastal Real Estate -
http://www.soest.hawaii.edu/SEAGRANT/communication/pdf/Purchasing%20Coastal%
20Real%20Estate.pdf

Hawaii Coastal Hazard Mitigation Guidebook -
http://www.soest.hawaii.edu/SEAGRANT/communication/HCHMG/hchmg.htm

Homeowners Handbook to Prepare for Natural Hazards -
http://www.soest.hawaii.edu/SEAGRANT/communication/NaturalHazardsHandbook/nat
uralhazardprepbook.htm

And always remember, if you feel an earthquake, immediately head for high ground, a
locally-generated tsunami may be headed your way.

' G Fryer, personal communication.
* U.S. Geological Survey, Hawaiian Volcano Observatory, Tsunami Generated by Magnitude 7.2 Earthquake on
Nov. 29, 1975, http://hvo.wr.usgs.gov/earthquakes/destruct/1975Nov29/tsunami.html.
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? For more information on tsunami safety, see NOAA National Weather Service, Pacific Tsunami Warning Center,

Tsunami Saf ety and,hBp/evwweptheodhgos/stvec/hawaii.phpla wa i * i

*Here is the NOAA Paci fieabsTistuem afrdr Wag i anrgi Cveanrt reirr gss wt o
http://www.prh.noaa.gov/ptwc/?region=2.

> For more information on what to do before, during and after a tsunami and for tsunami evacuation maps, see

Hawai ‘i St at latp/GwwstdlstateDiend/. € n s e,

% Sandy Ward and Catherine Main, NOAA State of the Coast Report, Population at Risk from Natural Hazards

(1998).

7 For more information on the 1868 earthquake, see U.S. Geological Survey, Earthquake Hazards Program, Historic

Earthquakes, http://earthquake.usgs.gov/regional/states/events/1868 04 03.php. For information regarding the

saf et y-Punaf see K@ndlulu Advertiser, Rapi d Gr owth i n Puna-FlowRaK Sinddygnor es |
Jan. 13, 2008.

¥ For more information on the quake, see U.S.Geo | ogi ¢ a | Survey, HawsadDamagi¢gol cano Ol
Earthquakes With Revised Magnitudes 6.7 and 6.0 Occur
http://hvo.wr.usgs.gov/archive/2006 10 15.html; see also Gary Chock et al, Compilation of Observations of the

October 15,2006, Kiloh o Bay (Mw 6. 7) and Mahuk o pEarthquddaEngtheerthy Ear t hqu
Research Institute (Dec 2006).

? The Pacific Disaster Center home page is http://www.pdc.org/iweb/pdchome.html

12 U.S. Geological Survey, Earthquake Hazards Program, Historic Earthquakes,
http://earthquake.usgs.gov/regional/states/events/1983 11 16.php.

" For a guide on disaster preparedness, see Dennis J. Hwang and Darren K. Okimoto, HO me o wn e r
Prepare for Natural Hazards (UH Press 2007).

'2 The County of Kaua‘i has adopted the 2003 International Building Code and 2003 International Residential Codes

with amendments. The 2003 IBC and 2003 IRC became effective approximately January 22, 2008. Copies of Kaua‘i

County's amendments to the 2003 International Building Code and 2003 International Residential Code are available

for purchase at the Office of the Kaua‘i County Clerk.

13 Jeanne Johnson,Ha wa i ‘ i St at e Ci 'vitate Eabbguake Adsisery GommlittedRapara Western

States Seismic Policy Center (2007).

' U.S. Geological Survey, Hawaiian Volcano Observatory, Volcano Watch, Here Today, Gone to Maui, July 29,

1999.

"Gerard Fryer, Hawai ‘i Instituteyobf GHaophiy'si cat akMd Pl ar
http://www.soest.hawaii.edu/GG/ASK/oahu-quakes.html.

' For information on the national system of state geological surveys (we are the only state without one), see the

following: Association of American State Geologists, http://www.stategeologists.org/; Oregon Department of

Geology and Mineral Industries, http://www.oregongeology.org/sub/earthquakes/earthquakehome.htm; also, see the

Delaware Geological Survey page for an example from another small state, http://www.dgs.udel.edu/.

'7U.S. Geological Survey, Earthquake Hazards Program, Magnitude 9.1 Off the West Coast of Northern Sumatra,
http://earthquake.usgs.gov/eqcenter/eqinthenews/2004/usslav/#details. See also

http://en.wikipedia.org/wiki/2004 Indian_Ocean_earthquake.

'8 Sandy Ward and Catherine Main, NOAA State of the Coast Report, Population at Risk from Natural Hazards

(1998).

" Pacific Disaster Center, Ha wa i ' i T s phtipa/www.pde.urgiweb/tsunami_history.jsp?subg=1.

20 pacific Disaster Center, Ha wa i * i T s uhtipa/www.pde.urgiweb/tsunami_history.jsp?subg=1.

*! For more information see the NOAA Pacific Tsunami Warning Center homepage at

http://www.prh.noaa.gov/ptwc/

2 Mike Gordon, Honolulu Advertiser, Tsunami Warning Signs Not So Clear, Sep. 9, 2005.

» On May 7, 1986, a magnitude 8.0 earthquake struck the Central Aleutian Islands in Alaska, triggering a tsunami

warning along the coasts of Hawai‘i. “The tsunami that ultimately struck the Hawaii coastline, however, was less

than a foot in height and caused no damage. The average cost of lost business and productivity because of the

evacuation was estimated by the State of Hawaii’s Department of Business, Economic Development and Tourism to

be $40 million.” NOAA Magazine Online, NOAA Tsunami Warning System Receives High Marks,
http://www.magazine.noaa.gov/stories/mag153.htm.

“Newsweek, Pl ai n Text: Techn ol oyg/iwwnbwewedk.co/al/f55302tidSrelavede]l. U s

s Handbook
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