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Abstract
We assess potential tsunami hazard for the following seven coastal communities on
Kodiak Island, Alaska: Akhiok, Chiniak, Karluk, Larsen Bay, Old Harbor, Ouzinkie, and Port
Lions. The primary tsunami hazard for these communities is considered to be near-field,
with a major threat originating from tsunamigenic earthquakes along the Alaska-Aleutian
megathrust. We numerically model tsunamis generated by nine different megathrust
earthquakes, analyze tsunami wave dynamics, and develop tsunami hazard maps for
the seven communities. The hypothetical tsunami scenarios examined simulate M, 9.0
megathrust earthquakes with a slip distribution in the 5-54 km (3-34 mi) depth range along
the Alaska-Aleutian megathrust. The maximum runup heights are 14 m (46 ft) in Akhiok, 31 m
(102 ft) in Chiniak, 11 m (36 ft) in Karluk, 18 m (59 ft) in Larsen Bay, 27 m (89 ft) in Old Harbor,
26 m (85 ft) in Ouzinkie, and 34 m (112 ft) in Port Lions. Results presented here are intended
to provide guidance to local emergency management agencies in initial tsunami inundation
assessment, evacuation planning, and public education for mitigation of future tsunami hazards.

INTRODUCTION

Tsunami hazards along Alaska’s Pacific coastline
are high. Virtually all of Alaska’s southern and south-
eastern coasts are defined by major offshore fault
systems. Unlike tsunamis that are caused by distant
earthquakes on the other side of the Pacific, Alaska’s
greatest tsunami hazards originate just offshore and
can inundate coastlines within an hour of a caus-
ative earthquake. This reduces the time available to
respond and evacuate, and can produce drastically
higher wave heights than far-traveled tsunamis.
Because many Alaska communities hug the shore-
line (due to some combination of steep mountains,
dense forests, and/or reliance on the open water
for transportation) many Alaska communities are
within the tsunami inundation zone and are at risk
of rapid flooding. In addition to earthquake-gen-
erated (i.e., tectonic) tsunamis, mass movements
of sediments down slopes (either on land or in the
ocean) can also generate tsunamis. While rapid
tsunami flooding is the immediate concern after

a large coastal earthquake, dangerous near-shore
ocean currents and permanent changes to the local
coastline are additional concerns.

The local, tectonic tsunami danger to commu-
nities in south-central Alaska comes primarily from
the Alaska-Aleutian subduction zone (fig. 1). This
subduction zone marks the boundary between the
Pacific plate to the south and the North American
plate to the north. Relative to the North American
plate, the Pacific Plate is moving northwest at approx-
imately 5—-8 cm (2-3 inches) per year, colliding with
the North American plate and diving beneath it in
a process known as subduction. The latest sequence
of large megathrust earthquakes began in 1938
with a My, 8.3 earthquake west of Kodiak Island
(Estabrook and others, 1994). Four subsequent
events, the 1946 My, 8.6 Aleutian (Lopez and Okal,
20006), 1957 My, 8.6 Andreanof Islands (Johnson
and others, 1994), 1964 My, 9.2 Great Alaska
Earthquake (Kanamori, 1970), and 1965 My, 8.7
Rat Island (Wu and Kanamori, 1973) earthquakes,
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Figure 1. Map of south-central Alaska. The rupture areas of the 1938 and 1964 earthquakes are shown by
pink-shaded polygons. Green polygon indicates the approximate rupture area of the 1788 earthquake. Black
arrows indicate along-strike extents of the three regions on which the characteristic tsunami scenarios are based.

ruptured almost the entire length of the megath-
rust. Tsunamis generated by these great earthquakes
reached Alaska coastal communities within minutes
and resulted in widespread damage and loss of life
(National Centers for Environmental Information
[NCEIL formerly known as National Geophysical
Data Center] Global Historical Tsunami Database,
doi.org/10.7289/V5PNI93H7).

The specifics of tsunami hazards are particular
to each community and vary considerably over large
regions. The shape of the coastline, local bathymetry,
and topography all affect tsunami impacts. More
importantly, however, is the earthquake source (the
location, size, and style) being considered and the
community’s location relative to that earthquake.

The impacts of future earthquakes and tsunamis
can be reduced if citizens, emergency managers, and
city planners take steps to mitigate the hazards. This
report is intended to support hazard mitigation
efforts by providing approximate tsunami hazard
estimates for the Kodiak communities of Akhiok,
Chiniak, Karluk, Larsen Bay, Old Harbor, Ouzinkie,
and Port Lions. The scenario earthquakes, numer-
ical tsunami models, and resulting maps are devel-
oped on a regional level and lack the precision of
studies that are fully tailored to individual commu-
nities (e.g., Nicolsky and others, 2013; Nicolsky and
others, 2014; Suleimani and others, 2013, 2015).
The current study does not include sensitivity tests
and is based on multiple scenario earthquakes. Even
so, the results provide a good first approximation
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of tsunami hazard. The maps, documentation,
and available digital data provide a foundation for
public education, support the development of evac-
uation procedures, and provide insights intended to
improve community resilience.

PROJECT BACKGROUND:
REGIONAL AND HISTORICAL
CONTEXT

Community Profiles

The following information is paraphrased
from the Alaska Community Database Online
provided by the Alaska Department of Commerce,
Community, and Economic
Division of Community and Regional Affairs
(DCCED/DCRA, 2013).

Development,

Figure 2 shows locations of communities on

Kodiak Island.

Akhiok (56°56’40"N, 154°10’13”W), population
81, is Kodiak’s southernmost village and is
located on the northwestern coast of Ali-
tak Bay. It is 129 km (80 mi) southwest of
Kodiak and 547 km (340 mi) southwest of
Anchorage. Akhiok is an Alutiiq village that

depends on fishing and subsistence activities.

Chiniak (57°36’38”N, 152°11’59”W), population
48, is on the easternmost point of Kodiak
Island, 72 km (45 mi) southeast of Kodiak.
Captain Cook originally named this lo-
cation Point Greville in 1778. During the
mid-1950s, an Air Force radar tracking sta-
tion was constructed in Chiniak. The com-
munity can be reached by road from Ko-
diak, and also by floatplane, ferry, and boat.

Karluk (57°34°41”N, 154°21°45”W), population
43, is on the west coast of Kodiak Island on
the banks of Karluk Lagoon, 142 km (88
mi) southwest of Kodiak and 484 km (301
mi) southwest of Anchorage. The mouth of
the Karluk River is thought to have been
populated by Alaska Natives for more than
7,000 years. Russian hunters established a
trading post here in 1786. By 1900 Karluk
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was known for having the largest cannery
and the greatest salmon stream in the world.
Karluk is an Alutiiq village with a fishing
and subsistence lifestyle.

Larsen Bay (57°32’12°N,  153°5929”W),
population 71, is an Alutiiq village named
after the bay on which it sits on the northwest
coast of Kodiak Island. It is 97 km (60 mi)
southwest of Kodiak and 455 km (283 mi)
southwest of Anchorage. The area is thought
to have been inhabited for at least 2,000
years. The bay was named for Peter Larsen,
an Unga Island furrier, hunter, and guide.
The economy of Larsen Bay is primarily
based on fishing, and a large majority of the
population depends on subsistence activities.
Salmon, halibut, seal, sea lion, clams, crab,
and deer are harvested. Six lodges host visitors
and provide a tourist guide service.

Old Harbor (56°56’40”N, 154°10°13"W),
population 213, is an Alutiiq community on
the southeast coast of Kodiak Island, 113 km
(70 mi) southwest of the Kodiak and 518 km
(322 mi) southwest of Anchorage. The area
around Old Harbor is thought to have been
inhabited for nearly 2,000 years. The area
was visited by the Russian Grigori Shelikov
and his 7hree Saints flagship in 1784. Three
Saints Bay became the first Russian colony
in Alaska. In 1788, a tsunami destroyed the
settlement. A settlement was re-established
at Three Saints Harbor in 1884. The town
was recorded as “Staruigavan,” meaning
“old harbor” in Russian. The Old Harbor
post office was opened in 1931. In 1964,
the Great Alaska Earthquake and resulting
tsunami destroyed the community; only two
homes and the church remained standing.
The community was rebuilt in the same
location. Old Harbor practices its traditional
Alutiiq culture and subsistence lifestyle.
Fishing provides income to the community.

Ouzinkie (57°55°24”N, 152°30°07”W),
population 171, is an Alutiiq village on
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the west coast of Spruce Island, adjacent
to Kodiak Island. It is 16 km (10 mi)
northwest of Kodiak and 398 km (247 mi)
southwest of Anchorage. Ouzinkie started
as a retirement community for the Russian
American Company. In 1889, the Royal
Packing Company constructed a cannery
at Ouzinkie. In 1890 a Russian Orthodox
church was built, and in 1927 a post office
was established. In 1964, the Great Alaska
Earthquake and resulting tsunami destroyed
the Ouzinkie Packing Company cannery.
The city government was incorporated in
1967. Commercial fishing and subsistence
activities support the community.

Port

Lions  (57°52’5”N, 152°52°48”W),
population 176, is an Alaska Native village
in Settler Cove on the north coast of Kodiak
Island, 399 km (248 mi) southwest of
Anchorage. The town was founded in 1964
by the displaced inhabitants of Afognak,
which was destroyed by a tsunami after the
Great Alaska Earthquake. The community
was named in honor of the local Lions
Club for their support in rebuilding and
relocating the village. The city government
was incorporated in 1966. The majority of
the population is Alutiiq. Most residents
lead a fishing and subsistence lifestyle.
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Figure 2. Map of Kodiak Island, showing locations of coastal communities.



Seismic and Tsunami History

Kodiak Island is situated near the eastern end of
the Alaska—Aleutian subduction zone, the boundary
along which the Pacific and North American plates
converge (fig. 1). The rate of plate convergence near
the island is approximately 60 mm (2.4 in) per year
(DeMets and others, 1990). The eastern end of
the megathrust has produced significant tsunami-
genic earthquakes in the past. On March 27, 1964,
south-central Alaska was struck by the largest earth-
quake ever recorded in North America. This M, 9.2
megathrust event (fig. 1), known as the Great Alaska
Earthquake, generated a destructive tsunami that
caused fatalities and great damage in Alaska, Hawaii,
and the west coast of the contiguous United States
and Canada. The earthquake ruptured an 800-km-
long (~500-mi-long) section of the Aleutian megath-
rust, producing vertical displacements over an area of
about 285,000 km? (110,039 mi?) in south-central
Alaska (Plafker, 1969). The area of coseismic subsid-
ence included Kodiak Island, Kenai Peninsula, Cook
Inlet, and part of northern Prince William Sound
(fig. 1). The major zone of uplift was seaward of the
subsidence zone, in Prince William Sound and the
Gulf of Alaska (Plafker, 1969). Of the 131 fatalities
associated with this earthquake, 122 were caused by
tsunamis (Lander, 1996). A number of communi-
ties on Kodiak Island suffered greatly from tsunami
waves. The penultimate tsunami event in the area of
Kodiak Island was recorded on July 21, 1788, when
a strong earthquake near Sitkinak Island caused a
3-10 m (10-33 ft) tsunami that forced relo-
cation of the first Russian settlement at Three
Bay (now OId Harbor) on south-

Kodiak  Island  (Lander, 1996)
(fig. 1). Briggs and others (2014) found stratigraphic

Saints
western

evidence of land level change and sand deposits that
can be traced 1.5 km (1 mi) inland on Sitkinak Island
(hg. 1). Cesium-lead (*’Cs and *°Pb) age esti-
mates for the sand suggest that the 1788 megathrust
rupture generated this devastating tsunami.

According to Lander (1996) and the Global
Historical Tsunami Database of the National
Centers for Environmental Information (NCEI),
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National Oceanic & Atmospheric Administra-
tion (NOAA) (doi.org/10.7289/V5PN93H7),
all Kodiak communities were affected by the 1964
Great Alaska Earthquake and tsunami. Table 1
summarizes all historically recorded tsunami events
that produced wave heights greater than 15 cm (0.5
ft) at the communities considered in this report.

METHODOLOGY AND DATA
Methodology

The regional tsunami hazard maps presented
here are the product of collaborative efforts between
state and federal agencies to assist coastal commu-
nities in Alaska with tsunami hazard assessment. In
recent years, similar tsunami hazard studies have
been published for other communities (Nicolsky and
others, 2011a; Nicolsky and others, 2013; Nicolsky
and others, 2014; Suleimani and others, 2010;
Suleimani and others, 2013; 2015). Because the
currently available digital elevation models (DEMs)
for these Kodiak Island communities are of insuffi-
cient quality for high-resolution modeling, we follow
the National Tsunami Hazard Mitigation Program
(NTHMPE, 2010) guidelines (nws.weather.gov/
nthmp/publications.html) for determining tsunami
hazard zones for areas that have either low risk due
to small population size and minimal infrastructure
vulnerability, or do not have access to high-resolu-
tion tsunami inundation maps. The tsunami hazard
maps for the communities evaluated in this study
are developed using the methodology described in
detail in Suleimani and others (2018). In short,
for nine scenario earthquakes, we modeled water
dynamics from source to community and computed
maximum tsunami wave heights using the highest
resolution grids available (see table 2). Each model
run covers 6 hours of post-earthquake tsunami prop-
agation to account for all waves in the wave train, as
well as secondary (reflected) wave interactions. At
every location throughout the high-resolution grids,
the maximum tsunami height from any of the nine
earthquakes is saved, and we use these maximum
values to extrapolate wave runup heights on land in
a new, “composite” map of maximum wave heights
that can be expected from the earthquake scenarios.


http://doi.org/10.7289/V5PN93H7
https://nws.weather.gov/nthmp/publications.html
https://nws.weather.gov/nthmp/publications.html

6 Report of Investigation 2019-6

Table 1. Tsunami effects at selected Kodiak communities. Data from the National Centers for Environmental Infor-
mation (NCEI; formerly known as National Geophysical Data Center [NGDC]) Global Historical Tsunami Database
(doi.org/10.7289/V5PN93H7) and comments from Lander (1996).

Magnitude JiERT
Date 9 Origin water height, Comments
(MW)
m (ft)
Akhiok
03/28/1964 9.2 Gulf of Alaska 15.0(49.2) | Homes and boats destroyed.
Chiniak
Cape Chiniak observed the first tsunami wave
03/28/1964 9.2 Gulf of Alaska 9.1(30.0) about 30 minutes after the earthquake.
Larsen Bay
03/28/1964 99 Gulf of Alaska 1.22 (4.0) Warehouse flooded, sheds destroyed, and cattle
drowned.
Old Harbor
Alaska .
07/21/1788 ? . 3-10(10-33) | Ship cast on shore; several huts destroyed.
Peninsula
03/28/1964 99 Gulf of Alaska 7.3(24.0) Village nearly destroyed, $150,000 damage (1964
dollars), one death.
02/27/2010 8.8 Maule, Chile 0.51(1.7)
03/01/2011 9.0 Honshu, 0.38(1.2)
apan
Ouzinkie
The community suffered extensive damage, about
$500,000. Cannery, post office, and company
03/28/1964 9.2 Gulf of Alaska 9.14 (30.0) store were destroyed. Waterfront was extensively
damaged and commercial fishing gear was
destroyed.

Computational Grids and Data
Sources

To develop a regional tsunami hazard map
we use a series of nested computational grids. A
nested grid allows for higher resolution in areas
where it is needed without expending computer
resources in areas where it is not. The bathymetric
and topographic relief in each nested grid is based
on DEMs developed at the NCEL The extent of
each grid used in this mapping project is shown
in figure 3 and listed in table 2. The coarsest grid,
level 0, with 2-arc-minute (approximately 2 km

[1.2 mi]) resolution, spans the central and northern
Pacific Ocean. The bathymetric data for the
2-arc-minute-resolution grid is extracted from the
ETOPO2 dataset (NGDC, 2006, doi.org/10.7289/
V5J1012Q)). We use two intermediate grids between
the coarsest- and highest-resolution grids (table 2).
The first intermediate grid of 24 arc-second reso-
lution (level 1) was developed to accommodate the
current tsunami mapping project for Kodiak Island
as well as other tsunami mapping efforts for commu-
nities located on the Kenai Peninsula and around
Prince William Sound. The data sources and meth-
odology used to develop the 24-arc-second DEMs
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Table 2. Nested grids used to compute propagation of tsunami waves generated in the Pacific Ocean to the seven
Kodiak Island communities. The fine-resolution grid is used to compute the inundation. Note that the grid resolution in
meters is not uniform and is used to illustrate grid fineness in the Kodiak Island region. The first dimension is the longi-
tudinal grid resolution; the second is the latitudinal resolution.

Resolution
Grid name West-East South-North
Arc-seconds | Meters (near boundaries boundaries
Kodiak)

tj‘éﬁci'co' Northern 120 x 120 | ~2,015 x 3,700 120°00" E-100°00" W 10°00' N—65°00" N
ZT;:IQ South-central | 4424 | =403 x 740 156°00" W~145°00" W 55°00" N-62°00' N
Level 2, Coarse
resolution, Kodiak 8x8 =~ 135 x 247 155°38'36" W-149°50'33" W 56°01'45" N-59°02'06" N
Island
Level 3, Fine
resolution, Kodiak 8/3 x 8/3 ~ 45 x 82 155°01'02" W=151°39'19" W 56°18'59" N-58°48'49" N
Island

are described in detail by Lim and others (2011).
The 8- and 8/3-arc-second DEMs were developed by
the NCEI in the scope of NTHMP by interpolating
the datasets used to produce the southern Alaska
24-arc-second coastal relief model at the appropriate
resolution. These datasets include soundings from
hydrographic surveys and digitized nautical charts,
tracklines, and multibeam swath sonar data with
spatial resolution ranging from 10 to 1,000 meters.
The Kodiak Island 1-arc-second DEM was also used
in the interpolation process.

The fine-resolution grid for Kodiak covers the
entire island. The size of the fine-resolution grid
cells, which is about 45 x 82 m (148 x 269 ft),
satisfies NOAA’'s minimum recommended require-
ments for estimation of the tsunami hazard zone
(NTHMP, 2010); however, no DEM verification
efforts were conducted to reduce uncertainties in
the Kodiak high-resolution (level 3) grid. Therefore,
in this report we do not perform high-resolution
runup modeling, but provide an estimation of the
tsunami hazard zone by extrapolating the maximum
composite tsunami wave height on land according
to the tsunami scenarios described below. We
account for uncertainties inherent to this method by
applying a safety factor of 1.3 (Suleimani and others,
2018) to the estimated hazard zone.

Tsunami Sources

In this project we use a deterministic
approach to develop potential tsunami sources,
which is distinctly different from the probabi-
listic tsunami hazard analyses used in projects with
different objectives, such as land-use planning or
insurance estimates (Geist and Parsons, 2000).
Alaska tsunami hazard maps are produced on the
basis of significant credible tsunami scenarios for
a given segment of the coastline. Although we do
not explicitly develop worst-case credible tsunami
scenarios in this report as we have in some previous
reports, we use the same underlying assumptions
and results regarding the maximum considered
earthquake scenarios for other locations along the
Alaska-Aleutian subduction zone.

In this regional tsunami hazard assessment
we consider three characteristic tsunamigenic
earthquake scenarios (e.g., Suleimani and others,
2018). These potential megathrust ruptures have
a uniform slip distribution along strike, but differ
in the downdip slip distribution pattern such that
the depth range at which the maximum slip occurs
varies from the shallow region close to the trench
to the deeper parts of the plate interface. Because
the Kodiak communities considered in this report
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Figure 3. Nesting of the bathymetry/topography grids for numerical modeling of tsunami propagation and runup. The
coarsest grid, level 0, covers the central and northern Pacific Ocean. The location of each embedded grid is marked by

a red rectangle. Refer to table 2 for grid parameters.

are spread around the entire island, we place each
characteristic scenario in three different, partially
overlapping regions along the subduction interface
in order to cover all possible tsunami effects for
each community. Using scenario 1 as an example,
we illustrate in figure 1 the three different along-
strike segments: the west, center, and east iterations

for this scenario. The same three iterations are
used for scenarios 2 and 3, which gives us the nine
tsunami sources that we use in this study to assess
tsunami hazard for the selected Kodiak Island
communities. All ruptures have the same extent,
which is determined by the location of communi-
ties and constrained by the seismic moment. Refer
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to Suleimani and others (2018) for a description of ~ coseismic deformations for scenarios 1, 2, and 3

the scenario development and for the proposed slip  are shown in figures 4A, 4B, and 4C, respectively.

distributions.

The three characteristic tsunami scenarios for
Kodiak communities are outlined below. The vertical

Scenario 1. M, 9.0
earthquake: SAFRR-type
event applied to the west,
center, and east segments

(fig- 1)

Scenario 2. M, 9.0
earthquake: Maximum slip
at 15-25 km (9-15 mi) depth
applied to the west, center,
and east segments (fig. 1)

Scenario 3. M,,, 9.0
earthquake: Maximum slip at
25-35 km (15-21 mi) depth
applied to the west, center,
and east rupture segments

(fig. 1)

The main rupture parameters are listed in table 3,
and the amount of permanent subsidence for each
community is given in table 4.

A hypothetical Tohoku-type M\, 9.0 earthquake rupturing the
Alaska-Aleutian megathrust. During the 2011 Tohoku, Japan,
earthquake a large amount of slip occurred in a shallow re-
gion between the subducting and overriding plates near the
Japan trench (Fujii and others, 2011; Shao and others, 2011).
The USGS Science Application for Risk Reduction (SAFRR)
project, in collaboration with NOAA and State of Califor-
nia agencies, developed a plausible hypothetical tsunami
scenario (Kirby and others, 2013) to describe the impacts of
a tsunami generated by a similar earthquake in the Alaska
Peninsula region (Ross and others, 2013). Here we assume
thatthe slip distribution in the downdip direction is the same
as that in the SAFRR source, where the greatest slip occurs
close to the seafloor trench. The slip is distributed almost
uniformly along strike except for the edges of the rupture,
where it tapers. The maximum slip of 46 m (151 ft) is at a
depth of 5-15 km (3-9 mi).

A hypothetical My, 9.0 earthquake rupturing the Alaska-Aleu-
tian megathrust. The slip is distributed almost uniformly along
strike except for the edges of the rupture, where it tapers. The
maximum slip of 35 m (115 ft) is at a depth of 15-25 km (9-16 mi).

Ahypothetical My 9.0 earthquake rupturing the Alaska-Aleu-
tian megathrust. The slip is distributed almost uniformly along
strike except for the edges of the rupture, where it tapers.
The maximum slip of 35 m (115 ft) is at a depth of 25-35 km
(16-22 mi).
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A. Scenario 1: M,y 9.0 earthquake, B. Scenario 2: M, 9.0 earthquake,
SAFRR-type event maximum slip at 15-25 km
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Figure 4. Vertical coseismic deformations corresponding to scenarios 1 and 2. Blue areas are associated with coseismic
ground subsidence; areas of uplift are shown in red.



Regional tsunami hazard assessment for selected communities on Kodiak Island, Alaska 11

10

61°N —
Scenario 3 - West

59°Nf

57°Nr

55°N[*

160°W 156°W 152°W 148°W

C. Scenario 3: My, 9.0 earthquake, maximum slip at 25-35 km
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Figure 4, continued. Vertical coseismic deformations corresponding to scenario 3. Blue areas are associated with coseis-

mic ground subsidence; areas of uplift are shown in red.

Numerical Model of Tsunami
Propagation and Runup

The numerical model currently used by the
Alaska Earthquake Center for tsunami inundation
mapping is a nonlinear, flux-formulated, shal-
low-water model (Nicolsky and others, 2011b)
that has been validated (NTHMEP, 2012) through
a set of analytical benchmarks and tested against
laboratory and field data (Synolakis and others,
2007). The application of the model to tsunami

inundation mapping of Alaska coastal communi-
ties, including its assumptions and limitations, is
described in a number of previous tsunami reports
(e.g., Suleimani and others, 2018). In this study,
we conduct all model runs using bathymetric data
that correspond to the Mean Higher High Water
(MHHW) tide level in the Kodiak communities.

For each tsunami scenario, we first calculate
the maximum tsunami wave heights in the high-
est-resolution grid over the course of the entire
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Table 3. Significant credible tectonic tsunami sources for Kodiak communities.

D Maximum 0 Maximum Maximum
epth . Maximum . X
. slip depth . regional sub- regional
Scenarios range, slip, id lift
km (mi) range, m () sidence, uplift,
km (mi) m (ft) m (ft)
M,y 9.0 earthquake: SAFRR-type 8-54 11-14 55-65 -4.0 10.3
event, slip near the trench (5-34) (7-8.7) (180-213) (-13.1) (33.8)
M, 9.0 earthquake: Maximum slip 5-35 15-25 34-35 -8.6 8.8
at 15-25 km (9.3-15.5 mi) depth (3-21.7) (9.3-15.5) (112-115) (-28.2) (28.9)
3 M, 9.0 earthquake: Maximum slip 14-45 25-35 34-35 9.6 11.8
at 25-35 km (15.5-21.7 mi) depth (8.7-28) (15.5-21.7) (112-115) (-31.5) (38.7)

Table 4. Summary of tsunami modeling results for the Kodiak Island communities. “Actual subsidence” is the permanent
subsidence that the model shows for the community, which may be (significantly) less than the maximum expected sub-
sidence across the entire region for that same earthquake scenario. Maximum assumed runup height is the maximum

composed tsunami height multiplied by the safety factor of 1.3.

Maximum
5 composite tsu-
ST nami height,
m (ft)

Akhiok 10.8(35.4)
Chiniak 23.8(78.1)
Karluk 8.5(27.9)
Larsen Bay 13.8 (45.3)
Old Harbor 20.8 (68.2)
Ouzinkie 20 (65.6)
Port Lions 26 (85.3)

Maximum
estimated
runup height,
m (ft)

14 (46)
31(102)
11(36)

18 (59)

27 (89)

26 (85)

34 (112)

Actual sub-

sidence in

communities,

m (ft)

-0.5(-1.6)

-5.9(-19.4)

-3.6(-11.8)

-5.1(-16.7)

-1.2(-3.9)

-7 (-23)

-6.3(-20.7)

Composite
tsunami height

Figure 6A

Figure 6B

Figure 6C

Figure 6D

Figure 6E

Figure 6F

Figure 6G

Tsunami
hazard map

Map sheet 1

Map sheet 2

Map sheet 3

Map sheet 4

Map sheet 5

Map sheet 6

Map sheet 7

Calculated
time series

Figure 7A

Figure 7B

Figure 7C

Figure 7D

Figure 7E

Figure 7F

Figure 7G
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model run in the following way: at each grid
point, the tsunami wave height is computed at
every time step during the tsunami propagation
time, and the maximum value is kept. Then we
compute the composite maximum wave height
from all considered scenarios by again choosing
the maximum value for each grid point among all
scenarios, and plot the results.

MODELING RESULTS

We performed numerical calculations for
three iterations (west, center, east) of each of
the three earthquake scenarios for a total of
nine unique tsunamigenic earthquake scenarios.
Figures 5A-5C show the maximum tsunami
heights for scenarios 1-3, respectively, in the
Kodiak level 3 grid. All three sources in scenario

A. Scenario 1: My 9.0 earthquake,
SAFRR-type event

Maximum
tsunami height

30m

B. Scenario 2: M, 9.0 earthquake,
maximum slip at 15-25 km

Maximum
tsunami height

Figure 5. Maximum tsunami heights for scenarios 1 and 2 in the Kodiak level 3 grid.
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1 produce the largest amplitudes along the south-
eastern coast of the island. The sources in scenario
3 generate much smaller waves along this coast,
but result in large waves in the Shelikof Strait,
along the northwestern coast of Kodiak Island.

Figure 6 shows maps of the maximum
composite tsunami height for all nine scenarios,
calculated in the vicinity of all seven communities.
In these figures, the mismatch between the coast-
lines of the base imagery and the coastlines corre-
sponding to the data set is due to the resolution of
the level 3 Kodiak DEM. Table 4 summarizes all
modeling results and provides the maximum value
of the tsunami height for each community. This
value, multiplied by a safety factor of 1.3, gives
the maximum estimated runup height for each
community. We project the value of the maximum
estimated runup height on land by drawing an
elevation contour on a community topographic
map that corresponds to this height. This contour
is the approximate boundary of the tsunami hazard
zone, and should be used by emergency planners
and public officials as a guide in tsunami mitiga-
tion activities.

Map sheets 1-7 are approximate tsunami hazard
maps for the Kodiak communities. For all communi-
ties except for Chiniak, we used the DCRA elevation
datasets and the 2014 GPS surveys to reference the
DCRA elevation contours to the MHHW datum
(Macpherson and others, 2014). For each commu-
nity, we selected the closest contour to the estimated
maximum composite wave height and extracted it as
the tsunami hazard boundary. Where DRCA data
are incomplete for a community, we infer contours
based on available imagery or other, lower-resolution
DEMs and use a different map symbol to represent
these areas. No DCRA elevation data existed for
Chiniak, therefore we extracted the elevation contour
of 31 m (102 ft) from the 1/3-arc-second DEM of
Chiniak. Refer to the metadata that accompanies this
report for more details.

To help emergency managers understand the
duration of tsunami hazard after a large megathrust

earthquake, we supplement the hazard maps with
the time series of the modeled water level at a near-
shore location in each community (white triangles
in figure 6). Time series plots are shown in figure
7, with zero time corresponding to the time when
the earthquake occurs. To compare the height of
arriving tsunamis for different scenarios—which
result in different values of land subsidence—we
use a vertical datum with a zero mark corresponding
to the post-earthquake sea level. The time series

C. Scenario 3: My, 9.0 earthquake,
maximum slip at 25-35 km

Scenario 3 - Wes

Maximum
tsunami height

30m

Figure 5, continued. Maximum tsunami height for scenar-
io 3 in the Kodiak level 3 grid.
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Figure 6A. Maximum composite tsunami height at Akhiok. The white triangle indicates the location of the time series
point, and the black line is the MHHW shoreline. The pink shaded rectangle in the upper map indicates the area shown
in the lower map. The mismatch between the coastlines of the base imagery and the MHHW coastlines is due to low

resolution of the level 3 Kodiak DEM.
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Figure 6F. Maximum composite tsunami height at Ouzinkie. The white triangle indicates the location of the time series
point, and the black line is the MHHW shoreline. The pink shaded rectangle in the upper map indicates the area shown
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resolution of the level 3 Kodiak DEM.
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plots demonstrate that dangerous waves may arrive
as many as 6 hours after the earthquake. Tsunami
wave heights in the time series differ from the
maximum composite tsunami heights presented in
table 4 for each community because the time series
show the water level fluctuations at specific points
offshore, which are not necessarily the locations
where the highest waves occur.

In addition to the time series of the simulated
water level, we have also modeled the potential
permanent subsidence in the communities. The
yellow lines in map sheets 1-7 show the post-earth-
quake MHHW shoreline after ground subsidence.
Scenario 2 results in the largest amounts of subsid-
ence in Chiniak, Larsen Bay, Ouzinkie, and Port
Lions (table 3). Most low-lying areas in all commu-
nities could be permanently flooded as a result of
the earthquakes considered in this report.

SUMMARY

We present the results of modeling earth-
quake-generated tsunamis in the region of Kodiak
Island, and their effects on the Kodiak communi-
ties of Akhiok, Chiniak, Karluk, Larsen Bay, Old
Harbor, Ouzinkie, and Port Lions. We numerically
model tsunami waves generated by local hypo-
thetical tectonic sources, analyze tsunami wave
dynamics in the vicinity of the communities, and
develop tsunami hazard maps. We compute the
composite maximum wave height from nine consid-
ered scenarios and follow NTHMP guidelines to
extrapolate the modeling data on land for estima-
tion of tsunami inundation. The maximum runup
heights are 14 m (46 ft) in Akhiok, 31 m (102 fr)
in Chiniak, 11 m (36 ft) in Karluk, 18 m (59 ft) in
Larsen Bay, 27 m (89 ft) in Old Harbor, 26 m (85 ft)
in Ouzinkie, and 34 m (112 ft) in Port Lions.

Tsunami inundation approximations shown
on the tsunami hazard maps have been completed
using the best information available and are
believed to be accurate; however, their preparation
required many assumptions. In this assessment, we
estimate the potential tsunami inundation zone
based on nine significant characteristic tsunami
scenarios. Hence, the modeled tsunami inundation
cannot be considered exhaustive, but the modeling
results are still thought to provide a sound approx-
imation to the potential tsunami inundation zone
in each community.

Actual conditions during a tsunami may
differ from the scenarios considered here due to
variations in the source earthquakes, tides, and
coastline infrastructure. These areas of maximum
expected inundation are intended to assist in plan-
ning tsunami evacuation and response activities.
Results are not suitable for land-use regulation or
building-code development.
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Figure 7A. Time series of water level for scenarios 1-3 at Akhiok, calculated at the locations marked by white triangle in

figure 6A.
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Figure 7B. Time series of water level for scenarios 1-3 at Chiniak, calculated at the locations marked by white triangle in
figure 6B.
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Figure 7C. Time series of water level for scenarios 1-3 at Karluk, calculated at the locations marked by white triangle in
figure 6C.
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D. Larsen Bay
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Figure 7D. Time series of water level for scenarios 1-3 at Larsen Bay, calculated at the locations marked by white triangle
in figure 6D.
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Figure 7E. Time series of water level for scenarios 1-3 at Old Harbor, calculated at the locations marked by white triangle
in figure 6E.



28  Report of Investigation 2019-6

F. Ouzinkie

5 Scenario 1

Sea level (meters)

Sea level (meters)

Scenario 3
1 T T T T T

Sea level (meters)

-15 1 1 1 1 1
0 2 3 4
Time after the earthquake (hours)

Figure 7F. Time series of water level for scenarios 1-3 at Ouzinkie, calculated at the locations marked by white triangle
in figure 6F.
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