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Foreword

Tsunamis have been recognized as a potential hazard to United States coastal communities
since the mid-twentieth century, when multiple destructive tsunamis caused damage to the
states of Hawaii, Alaska, California, Oregon, and Washington. In response to these events, the
United States, under the auspices of the National Oceanic and Atmospheric Administration
(NOAA), established the Pacific and Alaska Tsunami Warning Centers, dedicated to protecting
United States interests from the threat posed by tsunamis. NOAA also created a tsunami re-
search program at the Pacific Marine Environmental Laboratory (PMEL) to develop improved
warning products.

The scale of destruction and unprecedented loss of life following the December 2004 Suma-
tra tsunami served as the catalyst to refocus efforts in the United States on reducing tsunami
vulnerability of coastal communities, and on 20 December 2006, the United States Congress
passed the "Tsunami Warning and Education Act" under which education and warning activi-
ties were thereafter specified and mandated. A "tsunami forecasting capability based on mod-
els and measurements, including tsunami inundation models and maps..." is a central com-
ponent for the protection of United States coastlines from the threat posed by tsunamis. The
forecasting capability for each community described in the PMEL Tsunami Forecast Series is
the result of collaboration between the National Oceanic and Atmospheric Administration of-
fice of Oceanic and Atmospheric Research, National Weather Service, National Ocean Service,
National Environmental Satellite, Data, and Information Service, the University of Washington’s
Joint Institute for the Study of the Atmosphere and Ocean, National Science Foundation, and
United States Geological Survey.

NOAA Center for Tsunami Research

ix



Abstract

A tsunami forecast model was designed for Homer, Alaska and implemented into the tsunami
forecasting system known as Short-term Inundation Forecast System for Tsunamis (SIFT) de-
veloped by the National Oceanic and Atmospheric Administration Center for Tsunami Research
at the Pacific Marine and Environmental Laboratory, Seattle, Washington, United States of Amer-
ica. This is part of a larger effort to provide tsunami forecast models for the seventy-five com-
munities along vulnerable United States coastlines. Homer is located in the Kenai Peninsula,
Alaska and has important commercial and recreational fishing harbor. A Reference Model (RM)
and a Forecast Model (FM) were developed using the validated and verified tsunami numerical
model of Method of Splitting Tsunami (MOST) both having three telescoping grids in increas-
ing resolution towards Homer, Alaska. Community Modeling Interface for Tsunamis (ComMIT)
software which is an interface to the MOST model is used for the development. Synthetic tsu-
nami events originating from subduction zones around the Pacific were considered to test the
stability and sensitivity of the Homer FM. It is demonstrated that the RM and FM remained
stable in the case of extreme events, i.e., mega- and micro-tsunamis. In addition, FM showed
good agreement with the RM in leading wave height and reasonable agreement for later waves
indicating accuracy of the FM. FM is optimized to have 4 hours of wave propagation in ap-
proximately 10 minutes of CPU time. Unfortunately, there was no tide gage at Homer, Alaska
to verify the modeling approach, unlike the FMs which were developed elsewhere. Tide gage in
Homer, Alaska was destroyed during the 1964 tsunami and was not rebuild. Therefore, another
model similar to the one developed for Homer was developed for Seldovia, Alaska where a tide
gage exists. Seldovia model incorporates same outer grids as Homer but different near-shore
grid. The tsunami from the 11 March 2011 Japan earthquake was recorded in Seldovia tide gage
and has provided data for verification of the modeling approach used for the region. Com-
parison of the model results with tide gage records of the 11 March 2011 tsunami in Selvodia
provided confidence for the FM developed for Homer. After the FM development, the Homer,
Alaska FM was tested in SIFT. It is found that FM behaves same in the forecasting environment
as in the model development.



Chapter 1

Introduction

The National Oceanic and Atmospheric Administration (NOAA) Center for Tsunami Research
(NCTR) at the Pacific Marine Environmental Laboratory (PMEL), Seattle, Washington, United
States of America has been developing tsunami forecasting capabilities for the coastlines of the
United States and its territories. The NCTR tsunami forecasting products can be classified into
two categories: operational (short-term) forecast products (Tang et al., 2012; Wei et al., 2008;
Tang et al., 2009) in support of Tsunami Warning Centers (TWCs) operated by the NOAA’s Na-
tional Weather Service (NWS) of the United States —Pacific Tsunami Warning Center (PTWC),
Hawai'’i and West Coast and Alaska Tsunami Warning Center (WC/ATWC), Alaska- (Titov, 2009;
Titov et al., 2005a); and long-term forecast products such as inundation maps to mitigate tsu-
nami disasters and to plan for emergency response by member states in the National Tsunami
Hazard Mitigation Program (NTHMP) (Gonzélez et al., 2005), tsunami hazard assessment (Uslu
et al., 2013, 2010a, 2010b) or probabilistic tsunami flooding maps (Gonzélez et al., 2009; Tsu-
nami Pilot Study Working Group, 2006).

The NCTR has been developing the operational forecasting system known as Short-term
Inundation Forecast of Tsunamis (SIFT) to attain short-term forecasting capabilities. The SIFT
is designed to efficiently provide basin-wide warning of approaching tsunami, i.e., timely and
accurately. The SIFT system integrates several key components: real-time deep-ocean obser-
vations of a passing tsunami from Deep-ocean Assessment and Reporting of Tsunamis (DART),
also known as tsunameters (Spillane et al., 2008); a basin-wide pre-computed propagation
database of wave amplitudes and flow velocities based on potential tsunamigenic unit sources
(Gica et al,, 2008); an inversion algorithm to refine the tsunami source based on deep-ocean
observations using tsunamigenic unit source combination during an event (Percival et al., 2009);
and high-resolution models to provide accurate and timely forecast for tsunami prone coastal
communities (Tang et al, 2009; Tang et al., 2008a). After rigorous testing at the NCTR, the
current version of the SIFT system was distributed to the warning centers for operational test
and evaluation (OT&E). The SIFT system was accepted for operational use at the NWS’s two
warning centers by executive panel on June 7, 2013 (Vasily Titov, personal communication, 8
June 2013). Nonetheless, the SIFT system is under continuous testing and development at the
NCTR. The NCTR is also extending SIFT to a web base forecasting tool (tweb) (Burger et al.,
2013).

The bottom pressure recorder to measure long wave in deep-sea, which was the basis of
what is now known as tsunameters, was developed by PMEL and presented first time during
the workshop in Twin Harbors, Catalina Island, California in 1990 (Liu et al., 1991). Then, with



further developments at PMEL and deployment of them in deep-sea, measurements from the
network of tsunameters are now critical component of the SIFT. Tsunameters are deployed at
specific locations to provide rapid measurements of a passing tsunami (Bernard et al., 2006).
The methodology behind the buoy site selection process is explained in Spillane et al. (2008).
Note that until the direct measurements of tsunamis in deep-sea, the only available recordings
were from tide gages, which are most often located in sheltered locations inside harbors or
inlets. Tide gage measurements reliably only provide arrival time and possibly the character of
the first wave but not enough to identify the initial deformation. Besides, once tsunami reaches
tide gages it is too late for warning.

Both the short- and long-term forecasting methodologies of the NCTR use a pre-computed
propagation database of tsunami evolution from unit earthquakes. These unit earthquakes are
generated by a 100 km long 50 km wide fault planes with a slip value of 1 m, i.e., an equiva-
lent moment magnitude, Mw 7.5. Hence, they are called unit sources. They are placed along
the subduction zones of the world oceans in several rows, depending on the width of the sub-
duction zone (Gica et al., 2008). The ocean-bottom deformation is calculated with the Okada
(1985) formulation for each unit earthquake. The specific characteristics —-dip and rake angles,
and source depth- are determined depending on the subduction zone geometry and known
history of earthquakes. The nonlinear shallow-water model is used to evaluate propagation
from each unit earthquake source for entire basin. The propagation results are contained in
a set of ocean-specific tsunami propagation databases, i.e., the Pacific, the Atlantic and the
Indian Oceans.

Databases have been created and maintained at NCTR.! Currently, there are 1,725 pre-
computed unit source propagation model results covering the worlds oceans, forming the prop-
agation database. It is also under continuous expansion as need arises. Similar idea is also in
use at the Bureau of Meteorology, Australia?, see Greenslade et al. (2007). However, Australian
database uses different approach. Rather than employing unit sources, each source location
has four scenarios associated with it, i.e., magnitudes of 7.5, 8, 8.4 and 9 events. Comparison
of the same inundation model results with boundary conditions from the NCTR and Australian
scenario databases is provided in Greenslade and Titov (2008). Also, same kind of database is
in the process of development in the Mediterranean and Aegean Seas (Kanoglu et al., 2012).

The propagation database is used to obtain offshore scenario wave kinematics for the pro-
duction of short- and long-term forecast products at the NCTR. The linearity of tsunami propa-
gation in the open ocean allows scaling and/or combination of the pre-computed propagation
results of unit sources from database to create scenario events. Even though the numerical
model which is used for the calculation of propagation is nonlinear, in deep water, the con-
tributions of the nonlinear terms in the wave evolution are negligible. Once in shallow water,
the superposition probably is not applicable, hence a site-specific inundation model is created
to study the terminal effects (Uslu, 2008). This combination becomes the boundary and/or
initial conditions for near-shore models. Most importantly, the basin-wide database of pre-
computed water elevations and flow velocities for unit sources covering worldwide subduction
zones helps to reduce computation time substantially and expedites forecast during an event.

For real-time warning, the deep-ocean tsunami propagation for a specific event, i.e., the
offshore scenario, is obtained through the scaling and/or combination of unit sources con-
strained with tsunameter measurement(s) through the methodology explained in Percival et

http:// sift.pmel.noaa.gov
2http://opendap.bom.gov.au:8080/thredds/ catalogs/bmrc-atws-catalog.html



al. (2009), in real time. As the tsunami propagates across the ocean and successively reaches
tsunameter observation sites, recorded sea levels are ingested into the tsunami forecast tool
SIFT in near real-time and incorporated into an inversion algorithm to produce an improved
estimate of the tsunami source over a magnitude estimate. A linear combination of the pre-
computed unit tsunami sources from the database, combination of water elevations and flow
velocities, is then performed based on this tsunami source, now reflecting the transfer of en-
ergy to the fluid body, to produce boundary and/or initial conditions of water elevation and
flow velocities to initiate the near-shore forecast model computation. While methodology is
explained in detail in Tang et al. (2009), specific examples of the real-time forecast results are
summarized in Tang et al. (2012) and (Wei et al., 2008) for the 11 March 2011 Japan and the 15
August 2007 Peru events respectively.

Tsunami numerical models are prominent in both types of tsunami forecasting products,
short- and long-term tsunami forecasting. The NCTR uses the Method of Splitting Tsunamis
(MOST) numerical model (Titov and Gonzélez, 1997; Titov and Synolakis, 1998, 1997, 1995;
Titov, 1997). The MOST model is a finite difference model based on method of characteristic
which is capable of simulating tsunami evolution, i.e., transoceanic propagation and inunda-
tion over dry land. Also, MOST takes input from a propagation database and then, a series of
nested grids which resolves the near-shore bathymetry and topography are used to estimate
the water level and inundation at coastal site. The MOST model has gone through extensive
validation and verification as outlined in Synolakis et al. (2008, 2007) using analytical solu-
tions, experimental results, and field measurements and was successfully used for simulations
of many historical tsunami events. Development of tsunami science is summarized in Syno-
lakis and Kanoglu (2009) with perspective of validation and verification. Validation and verifi-
cation of tsunami numerical models is essential, especially the ones will be used in forecasting
environment and design of critical structures such as nuclear power plants (Gonzdlez et al.
(Science Review Working Group), 2007). Note also that numerical dispersion of MOST may ap-
propriately mimics frequency dispersion at optimized grid resolution as shown in Burwell et
al. (2007) and Zhou et al. (2012). Therefore, it is applicable dispersive propagation of tsunamis.
Previous and present development of forecast models in the Pacific (Titov et al., 2005; Titov,
2009; Tang et al., 2008b; Wei et al., 2008) have validated the accuracy and efficiency of each
forecast model currently implemented in the real-time tsunami forecast system. Models are
tested when the opportunity arises and are used for scientific research.

At the NCTR, specifically, two types of models are developed for the tsunami prone sites,
i.e., a high-resolution reference model (RM) and forecast model (FM). Both models utilize MOST
and consist of three levels of telescoping grids with increasing resolution to model the tsunami
dynamics and inundation onto dry land. First, RM is developed for the site. Then RM is used
as the basis for the development of a FM to be used operationally to provide an estimate of
arrival time, wave height, flow velocities at prone site while a tsunami is still propagating in the
open ocean. FMs are optimized for their grid resolution and run time comparing their results
with high spatial and temporal resolution RM results to make sure that FMs mimic the inter-
ested quantities reasonably well. Also comparing FM results, if available for the location, with
historical data is an essential way to verify FMs’ accuracy. The goal of FM is to maximize the
length of time that the community at-risk could react to a tsunami threat by providing accurate
information as quickly as possible to emergency managers and other officials responsible for
the community and infrastructure. Therefore, RM grids are optimized by coarsening the reso-
lution and/or considering smaller spatial extend of the overall grid dimensions. While the aim



of the RM is accuracy, the FM is optimized in run-time to be used operationally considering the
significant portion of the modeled tsunami, typically 4 to 10 hours of modeled tsunami time,
to pass through the model domain without too much signal degradation. Tang et al. (2009)
describe the technical aspects of FM development, stability testing and robustness. Currently,
75 FMs were constructed for populous coastal communities at risk in the Pacific, Atlantic and
Caribbean for the United States and its territorial coastlines and integrated to SIFT system. Pre-
vious and present development of FM in the Pacific has shown the accuracy and efficiency of
the up-to-date FMs which are implemented in SIFT for the real-time tsunami forecast (Tang et
al., 2012; Wei et al., 2008) as well as in hind-cast studies (Wei et al., 2013).

This is one of the report in the FM development series which outlines the one developed
for the town of Homer, Alaska. The development and testing of the FM for the town of Homer
which is located at the shore of Kachemak Bay in the Kenai Peninsula, Alaska is explained (Fig-
ures 1- 2). A population of 5,003 is reported in the 2010 census. Homer’s distinct feature is the
7.2 km (4.5 mi) long gravel bar, known as the Homer Spit which extends into the bay (Figure
3). Much of the Homer coastline and spit sank after the 1964 Alaska earthquake resulting also
distraction of Homer tide gage. Homer’s fishing harbor is used commercially and recreation-
ally. Homer is the southernmost town on the Alaska Highway system. It is also a stopping point
for the Alaska ferry and regional air flights. The FM is incorporated into the SIFT system at the
NCTR and will be incorporated into the SIFT in use at the PTWC and WC/ATWC during the
version update.



Chapter 2

Model Development

Accurate forecasting of the tsunami impact on a coastal community largely relies on the us-
age of validated and verified tsunami numerical model as explained. In addition, accurate
bathymetry and topography are crucial inputs to developing the RM and FM, especially for
the inundation calculation. The high spatial and temporal grid resolution necessary for mod-
eling accuracy poses a challenge in the run-time requirement for real-time forecasts. The FM
need to utilize the most recent bathymetry and topography available to reproduce the correct
wave dynamics during the inundation computation. Each RM and resulted FM consist of three
telescoping grids with increasing spatial resolution and, consequently, temporal resolution for
simulation of wave inundation onto dry-land. Referred to as A-, B-, and C-grids, each of which
becomes successively finer in resolution as they telescope into the population and economic
center of the community of interest. Offshore is covered by the largest and lowest resolution A-
grid while the near-shore details are resolved within the finest scale C-grid to the point that tide
gauge observations recorded during historical tsunamis, if available, and signal from incoming
waves are resolved within expected accuracy limits. The procedure is to start with large spatial
extent merged bathymetric topographic grids at high resolution, referred to as RM, and then
these grids are optimized coarsening the grid resolution and/or reducing the modeling region
—the grid size- allowing for the significant portion of the modeled tsunami waves, typically 4
to 10 hours of modeled tsunami time, to pass through the model domain without too much
signal degradation. This final model is referred to as the FM. Here, development of RM and
consequently FM is outlined for Homer, Alaska. In addition to the development, testing of FM
using synthetic and historical events is summarized.

2.1 Forecast Area

Homer, Alaska is located at the southwestern tip of the Kenai Peninsula (Figure 1). The Kenai
Peninsula extends approximately 240 km (150 miles) southwest from the Chugach Mountains
located south of Anchorage. It is separated by main land by the Cook Inlet in the west and is
bordered by the Gulf of Alaska and Prince William Sound to the east. Kachemak Bay is a small
inlet off the Cook Inlet where Homer is located. Homer is the southernmost town on the Alaska
Highway system. It is also a stopping point for the Alaska ferry and regional air flights. Local,
state, and federal government offices are located in downtown Homer, at elevations well above
the reach of a distant tsunamis.



Homer, population 5,003 reported at the 2010 census, is the largest of the Kachemak Bay
communities. The Homer small boat harbor is home to more than 700 charter and commercial
boat operations year round, growing to 1,500 in the summer months. Even though commer-
cial fishing has been the major source of income for residents of Kachemak Bay tourism also
plays a very important role in the local economy. The community of Homer and the rest of the
Kachemak Bay area have been one of the earliest areas of south-central Alaska to develop a sig-
nificant tourism industry. Thousands of people come to sightsee, fish, hike, and view wildlife,
mostly during the summer months.

Town’s most distinguishing feature is the Homer Spit, approximately 7.2 km (4.5 mi) narrow
long gravel bar that extends from town into the Kachemak Bay, on which the Homer Harbor is
located (Figure 3). Much of the coastline as well as the Homer Spit sank dramatically during
the Good Friday Earthquake on 27 March 1964. After the earthquake, very little vegetation was
able to survive on the Homer Spit. The commercial and industrial center of the community
is located on the Spit. It is used for heavily for recreational activities during summer and is
especially vulnerable to large sea waves. Severe storms accompanied by high water levels and
waves have occasionally overtopped the roadway on the Homer Spit, causing the road to close.

Even though it is not the tsunami forecasting area, as explained before, because of exis-
tence of tide gage, FM similar to the one developed for Homer was also developed for Seldovia,
Alaska. Seldovia city in Kenai Peninsula Borough, Alaska is one of five first-class and home-rule
communities located within the Kenai Peninsula Borough, State of Alaska. Its population was
255 at the 2010 census. Seldovia is located along Kachemak Bay, 27 km (17 mi) southwest of
Homer (Figure 2). Commercial fishing and shellfish processing are local economic activities.
There are timber operations in Seldovia Bay and nearby Jakolof Bay, and tourism is increas-
ing. There is no road system connecting the town to other communities. Seldovia is accessible
by boat or plane. A state-owned 562 m (1,845 ft) long by 18 m (60 ft) wide gravel airstrip and
a seaplane base are available. The city is served by several scheduled and chartered aircraft
services.

2.2 Model Set-up

The basis for the FMs and RMs grids are high-resolution digital elevation model (DEM) con-
structed by the NOAA’s National Geophysical Data Center (NGDC) and NCTR using the best
and all available bathymetric, topographic, and shoreline data to reproduce the wave dynam-
ics during the inundation computation for at-risk communities. For each community, data are
compiled from a variety of sources to produce a DEM referenced to Mean High Water in the
vertical and to the World Geodetic System 1984 (WGS-84) in the horizontal.!

The best available data for the Homer area is gathered and used to develop RM and FM. The
bathymetry and topography used in the development of both models were based on a DEM
provided by NGDC. This was considered to an adequate representation of the local bathymetric
and topographic features that will effect tsunami propagation and inundation. Grids may be
updated if newer, more accurate data are available. This model is an already improvement over
the previous models since it incorporates new DEM and new set of stability and robustness
tests applied to newly developed FMs.

Development of an optimized tsunami FM for Homer, Alaska began to develop RM with the

Thttp://ngdc.noaa.gov/mgg/inundation/tsunami/inundation.html



spatial extent merged bathymetric/topographic grids shown in Figure 4. The high-resolution
Homer, Alaska RM consists of three nested grids. The outermost A-grid covers from approxi-
mately 4,000 m depth (maximum depth 5,547 m) at Pacific Ocean including some part of Gulf
of Alaska and extends to the north including Cook Inlet and Anchorage, Alaska. This region
(Figure 4) was modeled by 24 arc-second resolution which corresponds approximately 742 m
grid resolution in latitude and approximately 390 m in longitude. This dataset is generated from
Southern Alaska Coastal Relief Model (Lim et al.,, 2011). 24 arc-second resolution RM A-grid is
sampled to generate FM A-grid in 72 arc-second resolution, i.e., to approximately 2,226 m and
1,169 m resolution for latitude and longitude respectively. Extent of RM A-grid and FM A-grid
are kept same (Figure 5). Parameters for the RM and FM A-grids are summarized in Table 1.

Both RM and FM intermediate B-grids were produced using 1/3 arc-second resolution grid
which covers Kenai Peninsula (Friday et al., 2010). The intermediate B-grid covers Kenai Penin-
sula to a depth of 175 m with 6 arc-second resolution in RM and 12 arc-second resolution in
FM. These resolutions correspond approximately 186 m in latitude and 94 m in longitude for
RM and 371 m in latitude and 188 m in longitude for FM. Again extent of RM (Figure 4) and
FM (Figure 5) B-grids are kept same. Parameters for each B-grid are summarized in Table 1.

The innermost RM and FM C-grids were again produced using 1/3 arc-second resolution
grid which covers Kenai Peninsula (Friday et al., 2010). While RM C-grid employs 1/3 arc-
second grid resolution FM C-grid employs 1.5 arc-second grid resolution. These grid resolu-
tions correspond grid resolution 10 m in latitude and 5 m in longitude for RM and 47 m in
latitude and 24 m in longitude for FM. C-grid extents are shown in Figures 4 and 5 for RM and
FM respectively and parameters are given in Table 1. Unlike RM and FM A- and B-grid which
are kept at same extent C-grids is chosen to be'slightly different in extent in RM and FM to re-
duce the computation time. In addition, as explained, FM like C-grid is developed for Seldovia,
Alaska.? FM C-grid resolution for Seldovia. model is chosen same as Homer C-grid (Figure 6),
i.e., 1.5 arc-second (Table 1). However, Seldovia FM shares the same A- and B-grids with Homer
FM.

Once the RM and optimized FM grids are finalized adjustable parameters such as time steps
for each grid, number of time steps, A- and B-grids near shore wet/dry boundary depth, fric-
tion coefficient, output time step are also determined and they are given in Appendix Al and
A2 for RM and FM respectively. These parameters remain fixed from run to run, under the
assumption that the parameters may be location dependent (sharp bathymetric changes, high
resolution needed for channels, bars etc.) but should not depend on the flow field, i.e., the
particular tsunami being modeled.

During the development of RM and consequently FM for Homer, Alaska, Community Mod-
eling Interface for Tsunamis (ComMIT) software is used substantially (Titov et al., 2011). Af-
ter the Indian Ocean tsunami of 2004, the Intergovernmental Coordination Group (ICG)/ the
Indian Ocean Tsunami Warning and Mitigation System (IOTWS) recommended to develop a
web-based community tsunami model and, in response, the NCTR was developed ComMIT,
which is in essence a rich graphical interface to a precomputed tsunami scenario database
and to the MOST model. ComMIT is designed in Java programming language, analogously to
MOST’s command-line operation, and is easy to use. Detail of modeling with ComMIT is sum-
marized in Titov et al. (2011). In short, ComMIT uses initial conditions from a precomputed
propagation database, has an easy graphical interface to output modeling results, and requires

2If a FM was to be developed for Seldovia, Alaska, probably, it could have been higher resolution and smaller in
extent. Here, it is kept at same resolution as Homer grid to understand resolution effect.



minimal hardware. Both deep-ocean propagation and inundation tsunami models require in-
formation on: (1) bathymetry and coastal topography, (2) initial and boundary conditions, and
(3) model run-specific information such as spatial resolution, time step, and length of model
run. The aim of ComMIT is to provide an interface which allows for the selection of model in-
put data (initial condition, bathymetry grids, etc.) as well as a platform to display model output
through a graphical user interface (GUI). The interface also allows for Internet sharing of the
model results, either as a Google Earth animation, or through the use of shared databases via
the OPeNDAP protocol.®> The ComMIT output comprises universally accepted and standard-
ized NetCDF format files, providing access to the model results either via ComMIT itself, or
via a number of software packages for model data presentation and analysis (e.g., Matlab, IDL,
Ferret, etc.).

2.3 Model Robustness and Stability

After RM and FM models are developed as described, the numerical stability and robustness
of the Homer, Alaska RM and FM are tested with a total of nineteen synthetic mega-tsunami,
one medium-tsunami and three micro-tsunami synthetic scenarios listed in Table 2 (see also
Figure 7) for their robustness and stability. As given in Table 2, the synthetic mega-tsunami
events is composed of 20 unit sources covering area of 1000 x 100 km? with a slip value of
25 m. This is equivalent to an earthquake of Mw 9.3. At least one mega-tsunami scenario
is tested for every subduction zone in the Pacific Basin (Gica et al., 2008). The propagation
database is summarized in the Appendix B for the Pacific Basin. It contains unit sources from
Aleutian—Alaska—Cascadia Subduction Zone (ACSZ) (Figure B.1, Table B.1), Central and South
America Subduction Zone (CSSZ) (Figure B.2, Table B.2), Eastern Philippines Subduction Zone
(EPSZ) (Figure B.3, Table B.3), Kamchatka-Bering Subduction Zone (KBSZ) (Figure B.4, Table
B.4), Kamchatka-Kuril-Japan-Izu-Mariana—-Yap Subduction Zone (KISZ) (Figure B.5, Table B.5),
Manus-Oceanic Convergent Boundary Subduction Zone (MOSZ) (Figure B.6, Table B.6), New
Guinea Subduction Zone (NGSZ) (Figure B.7, Table B.7), New Zealand-Kermadec-Tonga Sub-
duction Zone (NZSZ) (Figure B.8, Table B.8), New Britain—-Solomons—Vanuatu Subduction Zone
(NVSZ) (Figure B.9, Table B.9), New Zealand-Puysegur Subduction Zone (NPSZ) (Figure B.10,
Table B.10), and Ryukyu-Kyushu-Nankai Subduction Zone (RNSZ) (Figure B.11, Table B.11).
Figures 8-26 show the time series of water surface elevations from all 19 synthetic mega-
tsunami scenarios comparing results from RM and FM. First, both models maintains stability
in all the events presented. Second, RM and FM models compare well, i.e., FM model mim-
ics arrival time, initial wave amplitude, maximum wave amplitude. Overall, later waves also
compare reasonably well. Usually, warning points for the developed FMs are chosen as tide
gage locations and time series of sea surface elevations for RM and FM are compared at this
point. However, non-existence of a tide gage in Homer presented challenge for developing
of Homer, Alaska. The Homer tide gauge was destroyed in the 1964 Alaska event. Therefore,
Homer, Alaska warning point was chosen as at (59°36.35' N, 151°25.08' W) at 5.3 m water depth
Mean-Sea-Level; outside of the Homer Spit the North East side of the entrance into harbor
(Figure 2). The new tide gauge was established in Seldovia, across the Cook Inlet from Homer
(Figure 2) on 24 May 1964 with present installation dating on 9 July 1990. National Ocean Sur-
vey (NOS) tide gage station (ID: 9455500) located in Seldovia (59°26.40' N, 151°43.20'W). The

Shttp:// opendap.org



mean range in Seldovia is 4.73 m and the diurnal range is 5.50 m. Mean sea level is 5.08 m.
The tide gauge at Seldovia has recordings of the 2011 Japan tsunami that are used in valida-
tion of the RM and FM for Seldovia. This is the only way to have confidence for the tsunami
FM developed for Homer, Alaska. Since the FM will be used mostly for tsunamis generated by
medium size earthquakes, it is essential to test it with medium and micro tsunamis. The model
performs well with one medium size tsunami originated from New Zealand-Kermadec-Tonga
region (Table 2). Comparisons between RM and FM models are given in Figure 27. FM model
was also tested with three micro-tsunami events listed in Table 2. FM behaved as expected, i.e.,
no instabilities (Figures 28-30).

Results of the Homer, Alaska tsunami forecast model showed that optimized model reduces
the computation time of 4 hours simulation to 8.9 minutes of wall-clock time. A significant
portion of the modeled tsunami waves, typically 4 to 10 hr of modeled tsunami time, pass
through the model domain without appreciable signal degradation.

2.4 Model Validation with Historical Events

In addition to synthetic event tests presented in the previous section, FM requires validation
against historical events if there are reliable sources of data, such as the runup, inundation,
and time-series of water surface elevations recorded at tide gage stations. As explained pre-
viously, Homer tide gage was destroyed during the 1964 Alaska earthquake and was not re-
built. However, there is tide gage station at Seldovia, Alaska across from Cook Inlet. The 11
March 2011 Japan tsunami was recorded in Seldovia tide gage. Therefore, only 11 March 2011
Japan tsunami was used and tide gage records are compared with FM and RM results (Figure
32). Comparisons of the results for Seldovia model confirms that FM modeled the event as ex-
pected. Model estimates wave height-measurements at Seldovia gage for the 11 March 2011
Japan tsunami reasonably well (Figure 32). During the FM development it is necessary to val-
idate as many historical events as possible. Usual events used in testing are listed in Table 3
and shown in Figure 31. In the other events, the signals are too weak and noisy to be applied
for model validations at Seldovia.



Chapter 3

Summary and Conclusions

The FM was developed for Homer, Alaska to be incorporated into the SIFT which is designed
for the support of NOAA's tsunami warning centers. First, a set of grids have been developed
for the Homer, Alaska RM and, then, optimized for the FM. Homer FM is optimized such that
4 hours wave propagation is modeled in approximately 10 minutes, satisfying forecasting time
requirement. The computational grids were derived from the best available bathymetric and
topographic data at the time of grid construction. The stability and sensitivity of FM is investi-
gated by simulating nineteen mega, one medium and three micro size synthetic tsunamis. The
good stability of the FM is observed and this guarantees its reliability during real-time forecast.
FM and RM agree with each other for initial waves for all synthetic events modeled.

Since there was no tide gauge at Homer, Alaska after the 1964 earthquake, there was not
any historical tide gauge data to verify FM developed. However, additional FM like model de-
veloped for Seldovia, Alaska sharing same outer grids with Homer, i.e., the same A- and B-grids
for both models. The 11 March 2011 Japan tsunami was modeled for Seldovia and results are
compared with tide gauge measurement. Comparison shows reasonable agreement at Seldovia
tide gauge implying the validity of the developed model for Homer, Alaska. Once all the test-
ing is completed in the development phase FM is submitted to the SIFT developer team to be
integrated into SIFT. After the integration, FM is tested in the forecasting environment. Results
of SIFT testing are presented in Appendix C. The results show that the FM is stable and robust
across geographically distributed mega-tsunami events in forecasting environment as in the
development environment with consistent and high quality results.

Kachemak Bay where Homer and Seldovia located was given high-priority for Alaska inun-
dation mapping project. Suleimani et al. (2005) consider 1964 great Alaska earthquake and
a hypothetical scenario to produce inundation map for the region. Note that it is not the in-
tention of this study to develop such a map. However, RM developed here can be definitely
utilized for the development such products.

Note also that, development of this optimized tsunami FM was based on the digital ele-
vation model (DEM) provided by the National Geophysical Data Center and the author con-
siders it to be an adequate representation of the local bathymetry and topography. This re-
port is already development over the previous modeling effort which was employing previous
bathymetry and topography. As new DEMs become available, FM will be updated and report
updates will be posted.!

lhttp: /Inctr.pmel.noaa.gov/forecast_reports/
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