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Executive Summary

destruction to United States coastal communities over a wide spatial scale. The

destruction and unprecedented loss of life following the December 2004 Suma-
tra tsunami provided a reminder of the potential hazard posed to coastal communities
and served as the catalyst for the formation of a partnership between the Pacific Risk
Management ‘Ohana and the National Oceanic and Atmospheric Administration Cen-
ter for Tsunami Research. The goal of this partnership is to conduct comprehensive
tsunami hazard assessments for Pacific communities within the United States and
her territories in support of hazard mitigation efforts that leverage multi-level agency
collaboration for the benefit of the Pacific community ‘Ohana (or family). Of the
specific communities identified for tsunami hazard assessment, the Island of Guam
was chosen as the pilot study with the goal of identifying earthquake sources with the
greatest potential to impact Guam, its population, and economy. The scope of this
study includes five tsunami-vulnerable sites along the coastline of Guam for which 725
probable earthquake scenarios are considered.

SEVERAL Pacrric Ocean Basin tsunamis occurred in the mid 20th century, causing

Tsunami hazard assessments for each of five coastal communities on the Island of
Guam—Tumon Bay, Agana Bay, Pago Bay, Apra Harbor, and Inarajan Bay—are con-
ducted with both moderate (Mw 8.5) and Great Earthquake (Mw = 9.0) scenarios. Wave
amplitudes as high as 7.0 m at Tumon Bay are predicted, and at Pago and Inarajan bays
the leading wave is predicted to arrive within 20 min with amplitudes as high as 15 m
and 9 m, respectively, following a Great or worst-case earthquake. The Great Earth-
quake scenario is particularly important when considering far-field sources. Model
results indicate that sources along the western Aleutians and Cascadia pose a signif-
icant risk to Guam due to favorable tsunami directivity from these regions to Guam.
Although Great Earthquakes represent worst-case scenarios, occurrence of a moder-
ate Pacific Basin earthquake is the most likely scenario. Tumon Bay, Apra Harbor, and
Agana Bay are at significant risk from tsunamis generated by moderate earthquakes oc-
curring along Ryukyu-Nankai source segments, while Manus and West Aleutian source
segments pose a significant risk to both Pago Bay and Inarajan Bay in the event of a
moderate earthquake. The greatest risk for all five communities, however, is posed by
tsunamis generated along Mariana Trench and east Philippines sources, as identified
from results of the 3625 optimized model runs. Overall, results show that Guam is at
risk from tsunamis generated by earthquakes occurring in both near and far field due
to Guam’s location relative to Pacific Basin subduction zones. Near-field earthquakes
pose a time dependent problem for emergency managers due to Guam’s proximity to
the seismic sources. The potential for local hazard from these sources with associated
impact to population and marine structures is predicted to be significant.

xvii
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1. Introduction

A partnership between the Pacific Risk Management ‘Ohana (PRiMO) and the
National Oceanic and Atmospheric Administration (NOAA) Center for Tsunami
Research was formed in 2006 with the goal of conducting comprehensive tsu-
nami hazard assessments for Pacific communities within the United States and
its territories. Formation of the partnership was initiated with the establish-
ment of PRiIMO in 2003 as a coalition of organizations focused on hazard risk
management in the Pacific region. Federal risk management stakeholders met
to explore opportunities to enhance partnerships and accelerated plans in the
wake of the December 2004 Indian Ocean Sumatra tsunami and Hurricane Ka-
trina in 2005. Both events caused unparalleled fatalities and destruction in the
respective areas of impact and reinforced the need for a formal partnership to
set future priorities.

‘Ohana, Hawaiian for family, underscores the acceptance of Pacific commu-
nities and people working on natural disasters around the Pacific Ocean Basin
as part of an extended family. A partnership goal is to aid PRIMO in its man-
date to improve collective action and, as a group, its commitment to enhanc-
ing cooperation and collaboration to strengthen and sustain hazard-resilient
communities among its agencies and institutions (PRIMO, 2009). The specific
organizational goal is to increase collaboration among local, national, and re-
gional agencies, institutions, and organizations involved in risk management
in the Pacific for the benefit of the Pacific community family. To meet these
goals, the PRIMO/NOAA partnership is centered on development of new, high-
resolution digital elevation models, or numerical grids, to be used for investiga-
tion of earthquake sources around the Pacific Ocean Basin and assessing tsu-
nami hazard for the vulnerable locations. The results will be available to local
authorities and emergency managers for tsunami evacuation and inundation
mapping.

The goal of this study is to provide a tsunami hazard assessment for the
island of Guam that includes identification of earthquake sources from which
tsunamis generated will have the greatest impact on the Island of Guam, its
population, and economy.

Hoint Institute for the Study of the Atmosphere and Ocean (JISAO), University of Washing-
ton, Seattle, WA
2NOAA/Pacific Marine Environmental Laboratory (PMEL), Seattle, WA
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2. Background

Through PRIMO, specific communities were prioritized and, in 2008, the NOAA
Center for Tsunami Research began collaborative work with the Island of Guam,
selected for the pilot study. Coincidental to this work, NOAA’s Pacific Marine
Environmental Laboratory, in collaboration with NOAA’s two tsunami warning
centers, worked to develop a tsunami forecast capability for warnings, research,
and hazard assessments (Titov et al., 2005a). This capability resides in a system
that integrates several key components: deep-ocean observations of tsunamis
in real time, a basin-wide pre-computed propagation database of water level
and flow velocities based on potential seismic unit sources, an inversion algo-
rithm to refine the tsunami source based on deep-ocean observations during
an event, and high-resolution tsunami forecast models. The Guam hazard as-
sessment pilot study leverages the NOAA Center for Tsunami Research tsunami
models to investigate regional vulnerability based on the tsunami history of the
Island of Guam. Extension of this work for the Commonwealth of the North-
ern Mariana Islands (CNMI) and American Samoa is underway with a goal to
conduct hazard assessment for the entire West and South Pacific United States
territories.

2.1 Tsunami history in the West Pacific

Earthquakes capable of generating tsunamis occur in all parts of the world
oceans in regions of known seismicity, typically subduction zones. Notable tsu-
namis in the Atlantic, such as that following the 1755 Lisbon, Portugal, earth-
quake as well as the landslide-generated Grand Banks tsunami of 1929 have
occurred, but tsunami generation most commonly occurs in the Pacific Ocean

Table 2.1: Earthquake with Mw = 8.0 in the Western Pacific.

Year Longitude Latitude Depth Mw Location

1902 146 18 60 8.1  Agana, Guam

1906 138 34 340 8.4 Honshu, Japan

1909 142.5 31.5 80 8.3  Honshu, Japan

1909 145 12.5 100 8 Guam

1910 122.5 25.5 200 8.3  Taiwan

1911 131 28 160 8.7  Ryukyu Islands, Japan

1916 131.5 29.5 60 8 Duda, Japan

1918 125.2 5.4 33 8.3  Mindanao Island, Philippines
1920 122 23.5 10 8.3  Taiwan

1924 126.5 6.5 60 8.3  Mindanao Island, Philippines
1944 136 33.7 25 8.1 Kii, Japan

1946 135.6 33 30 8.1 Japan

1948 122 10.5 25 8.3  Panay, Philippines

1976 124.023 6.262 33 8.1 Mindanao Island, Philippines
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Basin along the vast “Ring of Fire” subduction zones. Significant to this study;,
tsunami catalogues identify 14 historical earthquakes of Mw = 8.0 from which
tsunami were generated locally or from far-field Western Pacific sources, listed
in Table 2.1 (U.S. Geological Survey and National Geophysical Data Center
earthquake database). A catalogue of what is believed to be all earthquakes
to have occurred in the local vicinity of Guam is provided by Soloviev and Go
(1974), Lander et al. (2002; 1993), and lida (1984) (Catalogue of tsunamis in
Japan and its neighboring countries).

2.2 Tsunami history of Guam

Guam is the largest and southernmost island in the volcanically formed Mar-
iana Islands Archipelago and lies in close proximity to the seismically active
region of the Mariana Trench. For this reason, there are multiple historical ac-
counts of large, notable earthquakes, including those reported in 1809, 1822,
1825, 1834, 1837, 1849, 1892, 1902, 1909, 1990, and 1993. Four of these events,
1849, 1892, 1990, and 1993, triggered tsunamis that caused damage to the Is-
land of Guam (Lander et al., 2002). The 1993 tsunami, in particular, was ob-
served along the southern and eastern coasts with a maximum amplitude of
up to 2 m. Inside Apra Harbor, a tsunami amplitude of 15 cm was recorded.
Despite this damage, the earthquake and tsunami were followed by a more dev-
astating event, typhoon Steve, that caused extensive damage to the region. As
a result, no detailed tsunami survey was conducted, so the extent of tsunami
inundation remains unknown (Lander ef al., 2002; Hattori, 1993).

Figure 2.1 shows the location of Guam relative to the geological setting of
the Western Pacific region and surrounding active subduction zones. To the
east of Guam, the Mariana trench is formed by the Pacific plate moving to-
ward and colliding with the Philippines Sea Plate at a rate of approximately 22
mm/yr. The Mariana trench extends northward to a triple junction with Nankai
and Japan/Kuril trench, one of the highest stress-accumulating areas, with 83
mm/yr at Northeast Japan (Stein and Okal, 2007). Nankai trench extends fur-
ther south, accommodating 57 mm/yr movement; it is followed by the Manila
trench between Taiwan and Philippines. The Philippines Trench on the east
and New Guinea and Manus Trenches on the south complete the circle of sub-
duction zones around the Island of Guam.

2.3 Study areas

Geographically, Guam is located along the volcanically active Mariana Trench
region of the southern Pacific Ocean where the Pacific and Philippines Sea tec-
tonic plates converge. Guam, as shown in Figure 2.2, is approximately 50 km
long from north to south and approximately 20 km wide in the east-west plane.
Located at 13.45°N latitude and 144.79°E longitude, Guam is within 350 km of
the 10,924 m Challenger Deep, the deepest known part of the Pacific Ocean.
The island is 2500 km south of Tokyo, Japan, 6148 km west of the Hawaiian Is-
lands, and 3380 km north of the Australian continent. The elongated island is
541 square km in surface area and inhabited by a population of 175,877 (CIA,
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Figure 2.1: Regional setting showing the Island of Guam in relation to the Mariana
Trench and swrrounding tectonic plates and major specific subduction zones (Stein
and Okal, 2007; Hall, 2002; 1997).

2007). Physically, the island has two distinct regions; a southern volcanic high-
land and a northern coralline limestone plateau. Buffeted by a fringing reef,
Guam has virtually no continental shelf consistent with its very steep seafloor
to surface relief. The location and geomorphology of Guam provides for a chal-
lenging environment in which to conduct tsunami research, modeling, and
hazard assessment.

Guam was ceded to the United States by the Spanish in 1898 under terms
of the Treaty of Paris. It has remained a United States Territory ever since, ex-
cept for a few years during World War IT when it was held under Japanese oc-
cupation. The island economy relies on the tourist trade and on the United
States military due to its strategic importance as a supply and mobilization
base. Nearly one third of the population is affiliated with Anderson Air Force
Base or with the Apra Harbor Naval Reservation.

As a result, tsunami hazard assessment was conducted for the five spe-
cific sites on Guam shown in Figure 2.2: Tumon Bay on the Northwest side
of the island, Agana Bay and Apra Harbor on the West central coast south of
Tumon, Pago Bay on the East island coast, and Inarajan on the Southern part
of the island. The capital Hagitiia (Agana) is located along the northwest coast
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Figure 2.2: The five grids developed for tsunami hazard assessment at Apra Harbor,
Agana, Tumon, Pago, and Inarajan bays.

of the island between Apra Harbor and Tumon Bay. Both Tumon and Agana
Bay are densely populated, low-elevation communities popular with tourists.
Apra Harbor holds particular importance as a deep-water port suitable for large
Naval vessels. The maximum depth inside Apra Harbor is approximately 68 m,
but the topography drops off steeply to a depth of 1440 m just 4 km offshore
of the harbor entrance, making it ideal for naval vessel maneuverability. The
harbor is home to the Guam shipyard, responsible for naval fleet repair and
maintenance, and home to the only deep-water ammunition port in the west-
ern Pacific Ocean. In addition, Apra Harbor is considered to be the commercial
and tourism hub for the island of Guam. The Harbor area is a densely pop-
ulated tourist destination with a large infrastructure in place to support com-
merce. The additional sites of Pago and Inarajan Bay on the east coast of the
island include two popular beaches, both of which are vulnerable to tsunami
impact.
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3. Methodology

A high-resolution inundation model is used as the basis for this study to pro-
vide an estimate of wave arrival time, wave height, and inundation following
tsunami generation. Central to this work is construction of a high-resolution
digital elevation model (DEM) to ensure an accurate representation of bathy-
metric and topographic regional features that affect tsunami impact. A DEM
for Guam was constructed by combining several data sources into 1/3-arc-
sec resolution grid with vertical datum set to local mean high water and the
horizontal datum to WGS84. Bathymetric and topographic data from U.S.
Army Corps of Engineers Joint Airborne LIDAR (Light Detection and Ranging)
Bathymetry Technical Center of Expertise (USACE), and multibeam data from
NOAA’s National Geophysical Data Center (NGDC) and Scripps were used for
grid development. Data were additionally provided by the National Ocean Ser-
vices RNC #81048 and #81054, Pacific Islands Benthic Habitat Mapping Center
(PIBHMC) and SRTM30-PLUS (Figure 3.1). For this study, three nested grids
for each of five study sites, Tumon Bay, Apra Harbor, Pago Bay, Agana Bay, and
Inarajan Bay, were prepared.

The scope of this study includes five tsunami-vulnerable sites along Guam’s
coastlines for which 725 probable earthquake scenarios are considered. The
resultant 3625 high-resolution runs are computationally prohibitive as well as
expensive, so modeling of all site cases at the highest 1/3-arc-sec resolution
would not be feasible. As a result, the high-resolution model was optimized
to ensure all cases were considered and to further the investigation with sensi-
tivity studies. The resolution of the high-resolution numerical grid developed
for Guam for accurate computation of wave response and inundation calcula-
tions is 1/3 arc sec. From this high-resolution grid, 3-arc-sec numerical grids
were developed to perform within computational time constraints but still pre-
dicting time histories at selected numerical locations with high accuracy (Tang
et al., 2006).

The initial water surface elevation, evolution of wave propagation, and tsu-
nami inundation for this study is computed by the MOST (Method of Splitting
Tsunamis) model (Titov and Synolakis, 1997; 1998) by solving nonlinear shal-
low water equations with a finite difference algorithm. The Method of Split-
ting Tsunami (MOST) is a suite of numerical simulation codes capable of sim-
ulating three processes of tsunami evolution: generation, transoceanic prop-
agation, and inundation of dry land. The MOST model has been extensively
tested against a number of laboratory experiments and benchmarks (Synolakis
et al., 2008) and was successfully used for simulations of many historical tsu-
nami events.
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Figure 3.1: Data sources used for development of the Guam digital elevation model.
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Table 3.1: List of multibeam survey data for Guam archived by NGDC.

Survey Identifier Source Ship Chief Scientist Date
AII8L12 University of Rhode Island  Atlantis II Ken Smith and Christian 1987-03-30
de Moustier
AII8L18 University of Rhode Island  Atlantis II Brian Taylor 1987-03-30
MGLNO02MV NOAA NMFS Melville Robert Embley 2006-04-20
Marianas Korean Ocean Research Onnuri Robert Dziak 1997-09-23
and Development
Institute
OES-03-07_AHI-03-07b NOAA NMFS Ahi 2003-09-21
PPTUOSWT Scripps Thomas Washington A. Yayanos 1986-04-22
PPTUOOWT Scripps Thomas Washington H. Craig 1986-04-30
RC2610 Lamont-Doherty Conrad Alexander Shor 1985-09-26
RC2611 Lamont-Doherty Conrad Alexander Shor 1985-09-28
TN153 University of Washington =~ Thomas G. Thompson Robert Embley 2003-02-11
TN167 University of Washington =~ Thomas G. Thompson Robert Embley 2004-03-27

3.1 Numerical grids

Data used for development of the high-resolution Guam grid are shown in Fig-
ure 3.1. Two U.S. Army Corps of Engineers (USACE), Joint Airborne LIDAR
Bathymetry Technical Center of Expertise (JALBTCX) LIDAR surveys were in-
corporated into the grid. LIDAR is an aircraft-based laser survey system capa-
ble of collecting very high-resolution elevation data; the specific SHOALS LI-
DAR system is capable of penetrating water up to about 40 m, and is used by
the USACE to survey bathymetry in shallow waters. The first USACE survey was
performed in January 2001 to collect nearshore bathymetry from roughly Agana
Bay in the northwest portion of Guam, proceeding counterclockwise around
the south end of the island to Pago Bay. The second USACE survey, performed
in February 2007, collected complete topographic data for all areas of the island
as well as nearshore bathymetry from Pago Bay in the southeast of Guam north
to Pati Point. The horizontal positional accuracy of the LIDAR data is +3 m,
and the vertical accuracy is £15 cm. For the 2001 survey, NOAA Center for Tsu-
nami Research used the raw SHOALS soundings in x, y, z text format as input
to the gridding process. The 2007 survey was delivered as very high-resolution
(1 m) gridded datasets; point data was extracted from these for input to the
gridding process. For the topography, bare-earth processing was performed by
using the topographic last return gridded data devoid of human structures and
vegetation. These grids were clipped using polygons provided by USACE that
indicated areas where a clear ground return was detected.

The National Geophysical Data Center (NGDC) provided data from sev-
eral bathymetric surveys in the region, listed in Table 3.1. Limited process-
ing was performed by NOAA Center for Tsunami Research to clean the multi-
beam data. On multibeam survey PPTUO8WT, all data shallower than 2400 m
were filtered out because they were substantially different from the more re-
cent multibeam TUNEO7WT survey, and were evaluated to be of lower quality.
On the TUNEOSWT survey, several bad beams, especially at the beginning of
some data files, were removed.
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The Scripps Institution of Oceanography at the University of California
San Diego released data from a Guam survey undertaken by the R/V Melville
in March-April 2001 (survey identifier COOKO07MYV; chief scientist Sherman
Bloomer, Oregon State University). Raw multibeam data were downloaded
from the Scripps SIO Explorer site (SIOExplorer, 2008); plotted in dark green
in Figure 3.1. This archive did not contain bathymetric files for several regions
that were surveyed, according to the cruise report. However, these missing data
are available in gridded form from the Marine Geoscience Data System (MGDS,
2008) and were included in grid development. These processed datasets, dis-
tributed in GMT grid format with a resolution of approximately 3.5 arc sec,
were used where original multibeam data were not available. These regions
are plotted in light green in Figure 3.1.

The Pacific Islands Benthic Habitat Center (PIBHMC, 2008) is affiliated with
the School of Ocean and Earth Science Technology at the University of Hawaii
and funded in part by the NOAA Coral Reef Conservation Program. The Pa-
cific Islands Benthic Habitat Center released gridded bathymetric data encir-
cling the entire island of Guam (tan color in Figure 3.1), derived from surveys
completed between 2003 and 2007. Some nearshore regions, with depths up
to 400 m, were gridded with 5-m grid cells. However, the majority of survey
extents were gridded with 60-m grid cells.

In nearshore and shoal area regions of insufficient high-resolution survey
data, sounding points and contour lines were manually digitized from two
NOAA Office of Coast Survey Raster Nautical Charts (RNC, 2008), #81048 and
#81054. In total, 1637 sounding points and 76 contour segments were digi-
tized. The nautical charts were derived from a variety of survey sources, many
of them not available in digital form. Charting in offshore areas was primarily
derived from pre-1900 surveys; parts of the west-central coast were surveyed
from 1970 to 1989. The Apra Harbor area was surveyed by the Naval Oceano-
graphic Office in 2001 (NGDC survey identifiers W00005 and W00006), resulting
in updates of the NOS charts using these data.

The SRTM30-PLUS dataset by Joseph J. Becker and David T. Sandwell
(TOPEX, 2007) is a medium-resolution global bathymetric/topographic dataset
derived from satellite altimetry, ship track soundings, and other data sources.
The dataset is provided at a resolution of 30 arc sec, though much of the dataset
is derived from lower resolution sources, especially the 2-arc-min Smith and
Sandwell dataset. SRTM30-PLUS data were used in deep-water regions of the
grid where no other digital survey data were available (light gray in Figure 3.1).

The combined 1/3-arc-sec digital elevation model for each of the five high-
resolution grids developed for this tsunami hazard assessment study are shown
in Figure 2.2. Tumon, Agana, Pago, and Inarajan bays are selected as impor-
tant population centers and Apra Harbor is included in the study because of
the harbor’s military importance and infrastructure as well as tide gauge obser-
vations located in the harbor for comparison and validation.
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Figure 3.2: NOAA propagation database unit sources in the Pacific Ocean with respect
to Guam.

3.2 Propagation database

Pacific Rim subduction zones are discretized into fault segments 100 km in
length by 50 km in width, creating a NOAA tsunami propagation database {(Gica
et al., 2008). The database contains pre-computed tsunami propagation results
of wave heights and velocities across the Pacific Basin over all grid points for
tsunamis generated by earthquakes with a fault rupture at each discrete seg-
ment. Figure 3.2 shows the Pacific propagation databases unit sources with re-
spect to Guam. Detailed source information for each specific subduction zone
appears in Appendix G.

In this study, tsunamis from the Aleutians/Alaska and Cascadia (AASZ),
Central and South America (CSSZ), eastern Philippines (EPSZ), Kuril Islands/
Japan, and Mariana (KSZ), Manus (MSZ), New Guinea (NGSZ), Ryukyu-Nankai
(RNSZ), New Zealand and Tonga (NTSZ), and New Britains and Vanuatu (NVSZ)
subduction zones are considered. Four hundred three earthquake sources of
combined propagation were used for the model study. Each model source sim-
ulates a large fault rupture of 100 ki x 50 km unit sources linearly combined
to create larger fault rupture zones capable of producing damaging transpacific
tsunamis. Source slip value can be scaled to react to the actual slip of the earth-
quake of a certain magnitude. The underlying assumption is that the deep-sea
evolution is linear, even though the equations used for propagation are nonlin-
ear. Given the typical size of tsunamis in the deep ocean, this is a reasonable
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Table 3.2: The earthquake parameters of 1952, 1960, and 1964 events used in model-
ing.

Date Source L(km) W((km) disp(m) Mw Information
4/10/1952 Kamchatka 800 100 13 9 10 cm at the tide gauge
22/5/1960  Chile 1000 100 20 9.2 20 cm at the tide guage
28/3/1964  Alaska 400 290/175 10 9.2 5 cm at the tide gauge

assumption, as in deep water the contributions of the nonlinear terms in the
wave evolution are negligible. Once in shallow water, the tsunami dynamics
become nonlinear so the linear superposition method is no longer applicable,
hence a site-specific inundation model is created to study the coastal tsunami
impact (Uslu, 2008).

3.3 Model validation and historical assessment

Three mega-earthquakes, the 1952 Kamchatka, the 1964 Alaska, and the 1960
Chile have been used in the model validation for various sites in several pub-
lications by Uslu (2008) and Borrero et al. (2006). The earthquakes caused tsu-
namis that were recorded in Apra Harbor at NOS tide gauge 1630000 (Figure
3.3). The historical records are instrumental in validating the numerical model
developed for Guam and used in this study. These events are modeled with
the parameters listed in Table 3.3. The computed time series at Apra Harbor
have been compared with the historical records in Figure 3.4. Results show the
models used in this study are sufficient to provide accurate tsunami modeling
of the five selected sites in Guam.

Figure 3.5 shows the comparison between the high-resolution 1/3-arc-sec
model runs and the optimized 3-arc-sec runs at Tumon Bay, Apra Harbor, Pago,
Agana, and Inarajan bays for the 1952 Kamchatka tsunami. At Tumon, Pago,
and Inarajan Bays, agreement between model runs is good in both amplitude
and phase, showing that the optimized model accurately captures the tsunami
at these locations. At Apra Harbor, agreement between the high-resolution and
optimized runs is again good in amplitude and phase, particularly for the first
wave. Comparison at this location between model runs and tide gauge data
show good comparison in amplitude and phase for the first of two recorded
tsunami waves followed by poorer agreement reflecting the more complicated
non-linear nature of later waves at this site. At Agana Bay, agreement in phase
is good. Amplitudes, although underestimated in optimized runs at Agana Bay,
indicate tsunami hazard at this location.
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4. Results

Tsunamis evolve in a complex pattern during propagation and the tsunami en-
ergy distribution is found to be highly directional from the source area. Previ-
ous studies have shown that tsunamis triggered by similar magnitude earth-
quakes but from different subduction zones may result in substantially dif-
ferent impact at the same harbor, as has been discussed by Uslu (2008) and
Dengler et al. (2008). The Kuril Islands earthquakes of 1933, 1994, 2006, and
2007 had similar magnitudes to one another as well as similar source locations,
but produced different far-field results due to fault orientation differences. The
events of 1933 and 2006 were thrust fault earthquakes and the 2007 earthquake
had a normal fault mechanism. The 1994 earthquake was described as a verti-
cal tear in the slab near the Hokkaido corner (Tanioka et al., 1995); it has been
successfully modeled as a thrust fault in Uslu (2008) and Dengler et al. (2008).

The assessment of tsunami hazard at the five Guam communities mod-
eled provides determination of possible worst-case scenarios from the poten-
tial source regions investigated, the details of which are provided in Appendix
G. These sources and the sensitivity of the island communities are discussed in
the remainder of this section.

4.1 Tsunami sources

The seismic activity around the Western Pacific suggests that a Mw 8.5 earth-
quake is a feasible scenario for the region (Lander et al., 2002; Hattori, 1993).
Tsunamis from the Aleutians/Alaska and Cascadia (AASZ), Central and South
America (CSSZ), eastern Philippines (EPSZ), Kuril Islands/Japan, and Mari-
ana (KSZ), Manus (MSZ), New Guinea (NGSZ), Ryukyu-Nankai (RNSZ), New
Zealand and Tonga (NTSZ), and New Britain and Vanuatu (NVSZ) are identified
as particularly important for hazard assessment of Guam. The distribution of a
total of 1128 scenario runs for three distinct earthquake magnitudes of 7.6, 8.5,
and 9.0 are shown in Table 4.1. Preliminary results showed a signal-to-noise
ratio for Mw 7.6 earthquakes too high for significant interpretation, so 725 sce-
narios for the two larger magnitudes of earthquakes are considered here. For
nine subduction zones, 376 scenarios are considered for Mw 8.5 earthquakes
and 349 scenarios for Mw 9.0 earthquakes. First, a Mw 8.5 earthquake is mod-
eled as a combination of four Mw = 7.6 unit faults 100 km x 100 km resulting
from a 6-m rupture. The area 400 km x 100 km in size releases a seismic mo-
ment of m, = 3- 10“% -400 km x 100 km -6 m. For this case, the moment
magnitude is calculated as in Hanks and Kanamori (1979):

2 2
Mw =2 (logm, —16) = 5 (log7.2: 10%8dyne - cm — 16) = 8.5. 6]

This scenario represents that which is most likely to occur in the western
Pacific. Moderate-sized earthquakes of Mw 8.5 have been historically more
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prevalent than their counterpart “Great” earthquakes that represent the worst-
case scenario discussed below. Results obtained from the moderate scenario
runs, tabulated in Table 4.2, show clearly that Apra Harbor and Agana Bay
can expect the greatest impact from tsunamis generated by earthquake sources
along the eastern Philippines subduction zone segments numbered 8-11. At
both locations, an amplitude less than 1 m is output with significant ampli-
tudes also seen from tsunamis generated by earthquakes occurring along the
Kuril Islands/Japan and Marianna subduction zone segments 57-60. At Tumon,
Pago, and Inarajan bays, the greatest modeled amplitudes resulted from tsu-
namis generated within Kuril Islands/Japan and Mariana subduction zone seg-
ments 57-60. These segments lie along the Mariana Trench northeast of Guam
in close proximity to the island.

Results of the moderate scenario runs indicate that Pago Bay should ex-
pect to see the greatest amplitudes from tsunamis generated in all subduction
zones with the exception of those generated in the Ryukyu-Nankai segments
modeled where amplitudes at Tumon Bay were greatest. For all other subduc-
tion zone model runs, Pago Bay amplitude results are greater than those at all
other locations with the exception, again, of Tumon Bay, at which a greater
amplitude was noted from a tsunami generated in the eastern Philippines sub-
duction zone sources segments modeled.

The second scenario considered is consistent with the rupture mechanism
of the 1964 Great Alaska Earthquake in Prince William Sound. This scenario
considers Mw 9.0 earthquakes occurring along segments of Pacific Rim sub-
duction zones with ruptures of 700 km x 100 km each having a 20-m uniform
slip. Results show that the greatest model amplitudes in Tumon Bay, Apra Har-
bor, and Agana Bay occur from tsunamis generated by eastern Philippines sub-
duction zone earthquakes with an amplitude of 7 m seen at Tumon Bay. Maxi-
mum modeled amplitudes at Pago Bay and Inarajan are the result of tsunamis
generated by earthquakes along the Kuril/Japan and Mariana subduction zone
segments. A maximum amplitude of 14.5 m for all scenario runs occurs at Pago
Bay.

Table 4.1: Number of modeled runs at each of the nine identified subduction zones for
which Mw 7.6, Mw 8.5, and Mw 9.0 earthquake scenarios were considered.

Subduction Zones Mw=76 Mw=85 Mw=29.0
AASZ Alaska/Aleutians-Cascadia 65 62 59
CSSZ Central and South America 115 112 109
EPSZ Eastern Philippines 18 15 12
KSZ Kuril Islands/Japan, and Mariana 75 72 69
MSZ Manus 17 14 11
NGSZ New Guinea 15 12 9
NTSZ New Zealand-Tonga 39 36 33
NVSZ New Britain-Vanuatu 37 34 31
RNSZ Ryukyu-Nankai 22 19 16

cumulative 403 376 349
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Figure 4.1: Tsunami wave height response at Tumon Bay from tsunamis triggered by
(a) Mw = 8.5 and (b) Mw = 9.0 earthquakes.

4.2 Tsunami sensitivity study for Guam coastlines

A sensitivity study of the wave height response due to distinct tsunami sources
is performed to identify regions of effective and efficient tsunami generation.
Specific subduction zone segments are found to hold potentially more dan-
gerous implications for the five modeled communities along Guam’s coast-
line than other, sometimes adjacent segments. Figure 4.1 shows the maxi-
mum computed wave height for the 376 Mw 8.5 and 349 Mw 9.0 scenarios at
a selected simulation location (144.7986°E and 13.5115°N) in Tumon Bay. Fig-
ure 4.1 also shows that the largest impact at Tumon Bay originates from two
sources; the Mariana Trench and east Philippines sources. Results further show
that an earthquake with magnitude larger than 8.0 from the Byukyu-Nankai,
Kuril Islands, New Guinea, and Manus Trench sources pose significant threat
to Guam. Emergency managers should be aware of the potential for local haz-
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Table 4.2: Results of synthetic moderate (Mw 8.5) earthquake scenarios for Guam from
the nine subduction zones segments.

Sub. Tumon Apra Pago Agana Inarajan
Zones  segs (m) segs (m) segs (m) segs (m) segs (m)

AASZ  06-09 0.3 06-09 031 03-06 0.59 0508 0.26 03-06 0.41
AASZ  58-61 0.21 57-60 0.14 59-62 0.19 5861 0.22 60-63 0.13
EPSZ  08-11 14 08-11 0.87 09-12 124 08-11 091 09-12 1.14
KSzZ 20-23 027 20-23 0.26 20-23 035 20-23 025 20-23 0.27
KSZ 57-60 1.49 5760 0.77 57-60 4.42 57-60 0.66 57-60 2.8
KSzZ 66-70 1.02 66-69 0.59 66-69 0.79
MSZ 10-13 0.25 10-13 0.25 10-13 0.84 10-13 0.25 10-13 0.47
NGSZ 09-12 0.28 03-06 024 02-05 033 09-12 025 04-07 0.32
RNSZ 07-10 0.78 17-20 0.65 08-11 0.5 18-21 0.54 05-08 0.36

Table 4.3: Results of synthetic worst-case (Mw 9.0) scenarios for Guam from the nine
subduction zones segments.

Sub. Tumon Apra Pago Agana Inarajan
Zones  segs (m) segs (m) segs (m) segs (m) segs (m)

AASZ  05-11 1.6 05-11 1.4 02-08 27 05-11 1.1 02-08 1.9

AASZ  57-63 0.7 59-65 0.5 59-65 0.8 55-61 0.5 59-65 0.5

AASZ 5662 0.5

EPSZ 07-13 7.0 07-13 3.7 07-13 54 07-13 5.6 07-13 3.8
KSZ 16-22 1.0 20-26 08 20-26 1.1 2026 0.6 20-26 0.9
KSz 57-63 4.6 55-61 22 53-59 144 5763 29 53-60 9.4

KSz 56-62 2.2 57-63 14.5 57-63 9.4

MSZ  09-15 11 10-16 09 10-16 26 09-15 08 09-15 1.6
10-16 0.7

NGSZ 04-10 13 06-12 1.0 03-09 1.4 09 02-08 1.1

RNSZ 14-20 34 14-20 22 14-20 2.6 14-20 2.7 14-20 14

ard from these sources with associated impact to population and marine struc-
tures. Great earthquakes (Mw = 9.0) occurring in the far-field source regions of
western Aleutians and Cascadia source zones could potentially generate tsu-
namis with directivity favorable for impact on Guam.

A summary of maximum computed heights at Tumon Bay, Apra Harbor,
Pago, Agana, and Inarajan bays are provided in Tables 4.2 and 4.3. Predicted
worst-case scenarios for each of the five communities are highlighted in the ta-
bles. The short written history of the Western Pacific does not have an account
of a Mw = 9.0 earthquake. While the potential for such an event exists, a Mw
8.5 is the most likely scenario. The occurrence of this more likely moderate
earthquake within specific segments of the Mariana Trench could potentially
generate a tsunami having the potential for an amplitude up to 1.50 m at Tu-
mon, 4.4 m at Pago, and 2.8 m at Inarajan Bay. Amplitudes at Apra Harbor of
0.8 m and 0.9 m at Agana Bay are expected from this same tsunami. However, a
tsunami triggered by a Mw 8.5 from an eastern Philippines source is predicted
to generate the highest amplitudes of about 0.9 m at Apra Harbor and Agana
Bay.

Results of this sensitivity study identify an east Philippines subduction zone
earthquake as representing the worst case scenario for Tumon Bay, Apra Har-
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bor, and Agana Bay. A 5.6-m wave at Agana Bay, 3.7 m at Apra Harbor, and a
wave amplitude as high as 7.0 m at Tumon Bays are predicted by model results.
Further, results show that along the east-facing beaches of Pago Bay and Inara-
jan, Mariana Trench sources are of greatest concern. At these locations, the
leading elevation wave is predicted to arrive in less than 20 min, with ampli-
tudes as high as 15 m at Pago Bay and 9 m at Inarajan Bay noted in worst-case
scenario modeling of a Mw 9.0 earthquake.
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5. Discussion and Conclusion

Prior to this study, the common belief has been that tsunamis pose no real haz-
ard to Guam. The argument centers on the thought that because this steep
volcanic island is devoid of any significant continental shelf, waves would be
refracted around the island thereby “protecting” it from tsunamis emanating
from around the Pacific Basin. However, the Maldives with its similar offshore
geology to Guam was inundated following the Sumatra tsunami of 2004 (Titov
et al., 2005b; Fritz et al., 2006), showing that the lack of a continental shelf does
not necessarily prevent tsunami inundation. Another common belief is that the
deep nearby trenches and offshore reef provide protection to Guam, but the
1993 Mariana tsunami is known to have impacted Guam, although the impact
is not clear, as damage from a concurrent typhoon may have overshadowed any
tsunami damage. The trench itself does not dissipate energy nor does it act to
steer waves away from Guam. The tsunami energy directivity may cause a tsu-
nami from some specific source regions to produce significant impact and pose
significant hazard to Guam. Another common misconception is that the island
of Guam is protected by the coral reefs that ring the island just offshore and
act to dissipate tsunami energy. The effect of the reef presence on the tsunami
dynamics is visible in the model, yet the reef is not sufficient to prevent tsu-
nami impact at the coastline. Because of the steep bathymetry around the is-
land, the reef extent is very short, and thus not enough to fully dissipate all tsu-
nami energy. Results of this study suggest that “protection” of Guam by nearby
trenches, offshore reef, and lack of a continental shelf is not supported. Only
the location of Guam relative to historical tsunami sources appears to have pro-
tected it from impact during past events. However, impact from events prior to
1848 is unknown, since the island was not nearly as populous as it is now.

The deepest known region of the Pacific Ocean Basin, the Mariana Trench,
is located in close proximity to the Island of Guam. The trench region, at the
intersection of two geologically old continental plates, has a high seismic slip
rate of 22 mm/yr. Rather than offering “protection” to the island, the trench
is a potential source of tsunami generation. Although a Mw = 9.0 earthquake
in this region is not a probable scenario, model results from this study suggest
that a more likely moderate earthquake could pose extreme hazard along lo-
calized stretches of the Guam coastline. The maximum wave height computed
at Tumon Bay, Apra Harbor, and Agana Bay are relatively smaller than wave
heights computed at Pago and Inarajan Bays. This result is due primarily to
the Pago and Inarajan bays’ location on the eastern coastline that fronts the
near field Mariana Trench source region. Apra Harbor, Tumon Bay, and Agana
Bay are all located on the side of Guam opposite the Mariana Trench source,
so they are protected from direct wave impact. As a result, the computed wave
heights at these communities are significantly smaller than those computed for
the communities on the opposing side of the island. It is noted, however, that
an extended duration of high-amplitude wave activity at these three commu-
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nities on the western side of Guam has the potential to disrupt commerce and
fishing. Model results further suggest that tsunamis generated in the Ryukyu-
Nankai, Kuril Islands, Mariana Trench, and East Philippines subduction zones
should be of concern to emergency managers. Moderate earthquakes originat-
ing along specific segments of the east Philippine and Kuril/Japan and Mariana
subduction zones are of particular concern. In addition, tsunamis generated in
the far-field along western Aleutian and Cascadia subduction zones should be
evaluated for possible impact. Model results for realistic scenario mega events
originating in the far-field west Aleutians, Cascadia and Kurils, produce signifi-
cant wave heights along the coastlines of Guam. Maximum wave height results
for a tsunami generated by a west Aleutians earthquake is 1.6 m at Tumon Bay,
1.4 m at Apra Harbor, 2.7 m at Agana Bay, and 1.9 m at Inarajan Bay synthetic
warning point. The Cascadia tsunami is computed with 0.5-m maximum wave
height at Apra Harbor, Agana Bay, and Inarajan Bay, a 0.7-m wave height at Tu-
mon Bay, and a wave height of 0.8 m at Pago Bay, which, coincidentally, was
the amplitude of the wave observed at the Crescent City tide gauge during the
2004 Kuril Islands tsunami (Dengler et al., 2008; Kelley et al., 2006; Uslu, 2008).
A tsunami generated by a south Kurils or Northern Japan earthquake is also
predicted to exceed 1 m at Pago Bay.
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Figure 5.1: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 9.0 earthquake on EPSZ
segments 07-13 by a 20-m slip.
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Figure 5.2: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 9.0 earthquake on EPSZ
segments 07-13 by a 20-m slip.
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Figure 5.3: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-

tory at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on KSZ segments
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Figure 5.4: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 9.0 earthquake on EPSZ
segments 07-13 by a 20-m slip.
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Figure 5.5: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Inarajan Bay from a tsunami triggered by a Mw = 9.0 earthquake on KSZ
segments 57-63 by a 20-m slip.
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Appendix A
Glossary

Arrival time The time when the first tsunami wave is observed at a particular
location, typically given in local and/or universal time, but also
commonly noted in minutes or hours relative to the time of the
earthquake.

Bathymetry The measurement of water depth of an undisturbed body of
water.

Cascadia Subduction Zone Fault that extends from Cape Mendocino in
Northern California northward to mid-Vancouver Island Canada. The
fault marks the convergence boundary where the Juan de Fuca tectonic
plate is being subducted under the margin of the North America plate.

Current speed The scalar rate of water motion measured as distance/time.

Current velocity Movement of water expressed as a vector quantity. Velocity
is the distance of movement per time coupled with direction of motion.

Digital Elevation Model (DEM) A digital representation of bathymetry or
topography based on regional survey data or satellite imagery. Data are
arrays of regularly spaced elevations referenced to a map projection of
the geographic coordinate system.

Epicenter The point on the surface of the earth that is directly above the
focus of an earthquake.

Focus The point beneath the surface of the earth where a rupture or energy
release occurs due to a buildup of stress or the movement of Earth’s
tectonic plates relative to one another.

Inundation The horizontal inland extent of land that a tsunami penetrates,
generally measured perpendicularly to a shoreline.

Marigram Tide gauge recording of wave level as a function of time at a
particular location. The instrument used for recording is termed a
marigraph.

Moment Magnitude (Mw) The magnitude of an earthquake on a logarithmic
scale in terms of the energy released. Moment magnitude is based on
the size and characteristics of a fault rupture as determined from
long-period seismic waves.

Method of Splitting Tsunamis (MOST) A suite of numerical simulation codes
used to provide estimates of the three processes of tsunami evolution:
tsunami generation, propagation, and inundation.
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Near-field A particular location at which the Earth’s deformation due to
energy release affects the modeling solution.

Propagation database A basin-wide database of pre-computed water
elevations and flow velocities at uniformly spaced grid points
throughout the world oceans. Values are computed from tsunamis
generated by earthquakes with a fault rupture at any one of discrete 100
x 50 km unit sources along worldwide subduction zones.

Runup Vertical difference between the elevation of tsunami inundation and
the sea level at the time of a tsunami. Runup is the elevation of the
highest point of land inundated by a tsunami as measured relative to a
stated datum, such as mean sea level.

Short-term Inundation Forecasting for Tsunamis (SIFT) A tsunami forecast
system that integrates tsunami observations in the deep-ocean with
numerical models to provide an estimate of tsunami wave arrival and
amplitude at specific coastal locations while a tsunami propagates
across an ocean basin.

Subduction zone A submarine region of the earth’s crust at which two or
more tectonic plates converge to cause one plate to sink under another,
overriding plate. Subduction zones are regions of high seismic activity.

Synthetic event Hypothetical events based on computer simulations or
theory of possible or even likely future scenarios.

Tele-tsunami or distant tsunami or far-field tsunami Most commonly, a
tsunami originating from a source greater than 1000 km away from a
particular location. In some contexts, a tele-tsunami is one that
propagates through the deep ocean before reaching a particular location
without regard to distance separation.

Tidal wave Term frequently used incorrectly as a synonym for tsunami. A
tsunami is unrelated to the predictable periodic rise and fall of sea level
due to the gravitational attractions of the moon and sun: the tide.

Tide The predictable rise and fall of a body of water (ocean, sea, bay, etc.) due
to the gravitational attractions of the moon and sun.

Tide gauge An instrument for measuring the rise and fall of a column of
water over time at a particular location.

Travel time The time it takes for a tsunami to travel from the generating
source to a particular location.

tsunami A Japanese term that literally translates to “harbor wave.” Tsunamis
are a series of long-period shallow water waves that are generated by the
sudden displacement of water due to subsea disturbances such as
earthquakes, submarine landslides, or volcanic eruptions. Less
commonly, meteoric impact to the ocean or meteorological forcing can
generate a tsunami.
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Tsunami Hazard Assessment A systematic investigation of seismically active
regions of the world oceans to determine their potential tsunami impact
at a particular location. Numerical models are typically used to
characterize tsunami generation, propagation, and inundation, and to
quantify the risk posed to a particular community from tsunamis
generated in each source region investigated.

Tsunami propagation The directional movement of a tsunami wave outward
from the source of generation. The speed at which a tsunami propagates
depends on the depth of the water column in which the wave is
traveling. Tsunamis travel at a speed of 700 km/hr (450 mi/hr) over the
average depth of 4000 m in the open deep Pacific Ocean.

Tsunami source Location of tsunami origin, most typically an underwater
earthquake epicenter. Tsunamis are also generated by submarine
landslides, underwater volcanic eruptions, or, less commonly, by
meteoric impact of the ocean.

Wave amplitude The maximum vertical rise or drop of a column of water as
measured from wave crest (peak) or trough to a defined mean water
level state.

Wave crest or peak The highest part of a wave or maximum rise above a
defined mean water level state, such as mean lower low water.

Wave height The vertical difference between the highest part of a specific
wave (crest) and its corresponding lowest point (trough).

Wavelength The horizontal distance between two successive wave crests or
troughs.

Wave period The length of time between the passage of two successive wave
crests or troughs as measured at a fixed location.

Wave trough The lowest part of a wave or the maximum drop below a defined
mean water level state, such as mean lower low water.
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1952 Kamchatka tsunami at Tumon Bay, Guam.
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Figure B.1: The 1952 Kamchatka, the 1960 Chile and the 1964 Alaska Tsunamis at a numerical tide gauge in
Tumon Bay.
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1952 Kamchatka tsunami at Apra Harbor, Guam.
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Figure B.2: The 1952 Kamchatka, the 1960 Chile and the 1964 Alaska Tsunamis at Apra Harbor tide gauge.



TsunNaMI HazaRD ASSESSMENT SPECIAL SERIES: VOL. 1 — GUAM

43

wave height (cm) wave height (cm)

wave height (cm)

1952 Kamchatka tsunami at Pago Bay, Guam.
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1952 Kamchatka tsunami at Agana Bay, Guam.
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1952 Kamchatka tsunami at Inarajan Bay, Guam.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from AASZ 06-09 from AASZ 06-09
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Figure C.2: {a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 8.5 earthquake on AASZ
segments 06-09 by a 6-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from AASZ 58-61 from AASZ 58-61
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Figure C.3: {a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 8.5 earthquake on AASZ
segments 58-61 by a 6-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from EPSZ 08-11 from EPSZ 08-11
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Figure C.4: {(a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 8.5 earthquake on EPSZ
segments 08-11 by a 6-m slip.
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Figure C.5: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 8.5 earthquake on KSZ
segments 20-23 by a 6-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from KSZ 57-60 from KSZ 57-60
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Figure C.6: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 8.5 earthquake on KSZ
segments 57-60 by a 6-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from KSZ 66-69 from KSZ 66-69
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Figure C.7: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 8.5 earthquake on KSZ
segments 66-69 by a 6-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from MOSZ 09-12 from MOSZ 09-12
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Figure C.8: {a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 8.5 earthquake on MOSZ
segments 09-12 by a 6-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from NGSZ 10-13 from NGSZ 10-13
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Figure C.9: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 8.5 earthquake on NGSZ
segments 10-13 by a 6-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from RNSZ 07-10 from RNSZ 07-10
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Figure C.10: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time
history at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 8.5 earthquake on RNSZ
segments 07-10 by a 6-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from AASZ 05-11 from AASZ 05-11
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Figure C.11: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time
history at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 9.0 earthquake on AASZ
segments 05-11 by a 20-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from AASZ 57-63 from AASZ 57-63
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Figure C.12: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time
history at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 9.0 earthquake on AASZ
segments 57-63 by a 20-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from EPSZ 07-13 from EPSZ 07-13
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Figure C.13: () Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time
history at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 9.0 earthquake on EPSZ
segments 07-13 by a 20-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from KSZ 16-22 from KSZ 16-22
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Figure C.14: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 9.0 earthquake on KSZ
segments 16-22 by a 20-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from KSZ 57-63 from KSZ 57-63
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Figure C.15: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 9.0 earthquake on KSZ
segments 57-63 by a 20-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
frem MOSZ 09-15 from MOSZ 08-15
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Figure C.16: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 9.0 earthquake on MOSZ
segments 09-15 by a 20-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from NGSZ 04-10 from NGSZ 04-10
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Figure C.17: () Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time
history at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 9.0 earthquake on NGSZ
segments 04-10 by a 20-m slip.
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(a) Maximum wave height at Tumon Bay, Guam (b) Maximum current speed at Tumon Bay, Guam
from RNSZ 14-20 from RNSZ 14-20
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Figure C.18: () Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time
history at the numerical tide gauge at Tumon Bay from a tsunami triggered by a Mw = 9.0 earthquake on RNSZ
segments 14-20 by a 20-m slip.
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Figure D.1: Tsunami wave height response at Apra Harbor from tsunamis triggered by (a) Mw = 8.5 and (b) Mw
= 9.0 earthquakes.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from AASZ 06-09 from AASZ 06-09
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Figure D.2: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 8.5 earthquake on AASZ
segments 06-09 by a 6-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from AASZ 57-60 from AASZ 57-60
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Figure D.3: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 8.5 earthquake on AASZ
segments 57-60 by a 6-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from EPSZ 08-11 from EPSZ 08-11
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Figure D.4: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 8.5 earthquake on EPSZ
segments 08-11 by a 6-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from KSZ 20-23 from KSZ 20-23
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Figure D.5: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 8.5 earthquake on KSZ
segments 20-23 by a 6-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from KSZ 57-60 from KSZ 57-60
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Figure D.6: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 8.5 earthquake on KSZ
segments 57-60 by a 6-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from KSZ 66-69 from KSZ 66-69
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Figure D.7: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 8.5 earthquake on KSZ
segments 66-69 by a 6-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from MOSZ 10-13 from MOSZ 10-13
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Figure D.8: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 8.5 earthquake on MOSZ
segments 10-13 by a 6-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from NGSZ 10-13 from NGSZ 10-13
144°E 144°E
@ a7 ag 39.00 4y 490 42 ag a7 ag 39.00 4y 490 42
[ ] 1 1 1 [ ] [ ] ] 1 1 [ ] 1 [] 1 1

30 -

29 =

25’ L 25’ A L
e s "":'M

13°N _ L 13°N R L
27.00 27.00 1

25 -

ot

LN

i
»—c»—«»—«»—ﬁn—« ] =

25]_[ o
I ;

*mea Y ’; o 2 I
0 Q.05 01 015 0z 0.25 03 0 Q.05 01 0.15 0z 0.25 03
wave height (m) current speed (m/s)
(c) tide gauge from NGSZ 10-13 located at 13.4433 ° N, 144.6567 ° E
I T e e T e L
5 101 ¢} - -
<
D
2 Of-
D
>
(]
= _101- ,
- 1/3s resolution
- = = 3s resolution
3 4 5 6 7 8 9

time after earthquake (hr)

Figure D.9: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 8.5 earthquake on NGSZ
segments 10-13 by a 6-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from RNSZ 17-20 from RNSZ 17-20
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Figure D.10: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time
history at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 8.5 earthquake on RNSZ
segments 17-20 by a 6-m slip.
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Figure D.11: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 9.0 earthquake on AASZ
segments 59-65 by a 20-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from EPSZ 07-13 from EPSZ 07-13
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Figure D.12: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 9.0 earthquake on EPSZ
segments 07-13 by a 20-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from KSZ 20-26 from KSZ 20-26
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Figure D.13: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 9.0 earthquake on KSZ
segments 20-26 by a 20-m slip.
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(a) Maxirmum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from KSZ 55-81 from KSZ 55-61
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Figure D.14: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time
history at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 9.0 earthquake on KSZ
segments 55-61 by a 20-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from KSZ 56-62 from KSZ 56-62
144°E 144°E
36" 37 3z 38.000 4o 41 42 36" 37 3 39.000 4o 41’ 42'
1 1 1 1 | ] ] ] 1 1 1 1 1 1
a0’ - 30' -

28 = — 25'—= ~

0=t = 28— L — -
13°N | ! b 4 L 13°N | ] L
27.00 e o 27.00

25" =

I |
I : |
| T i
I |

247 ) T 24" " T
1 1 1 1 I : I II | 1 II 1 | 1 1 1 I
0 0.5 1 15 2 0 05 1 15 2
wave height (m) current speed (m/s)
(c) tide gauge from KSZ 56-62 located at 13.4433 ° N, 144.6567 ° E
BT g~ = i = e e i i i i :
l.II
= g
=
B TOC R o = e e o e o i i i 2 e e e o e s o -
=
2
QO
s Otf-
>
@
=
A M s o s o e = i 2 s s e = 1/3s resolution|]
' - - - 3s resolution
1 2 3 4 5 6

time after earthquake (hr)

Figure D.15: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 9.0 earthquake on KSZ
segments 56-62 by a 20-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from MOSZ 10-16 from MOSZ 10-16
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Figure D.16: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢c) tsunami time
history at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 9.0 earthquake on MOSZ
segments 10-16 by a 20-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from NGSZ 06-20 from NGSZ 06-20
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Figure D.17: (a) Maximum computed wave heights, (b) maximum computed cwrrents, and (¢) tsunami time
history at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 9.0 earthquake on NGSZ
segments 06-20 by a 20-m slip.
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(a) Maximum wave height at Apra Harbor, Guam (b) Maximum current speed at Apra Harbor, Guam
from RNSZ 14-20 from RNSZ 14-20
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Figure D.18: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Apra Harbor from a tsunami triggered by a Mw = 9.0 earthquake on RNSZ
segments 14-20 by a 20-m slip.
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Figure E.1: Tsunami wave height response at Pago Bay from tsunamis triggered by (a) Mw = 8.5 and (b) Mw = 9.0

earthquakes.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from AASZ 03-08 from AASZ 03-08
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Figure E.2: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-

tory at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 8.5 carthquake on AASZ seg-
ments 03-06 by a 6-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from AASZ 59-62 from AASZ 59-62
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Figure E.3: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 8.5 carthquake on AASZ seg-
ments 59-62 by a 6-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from EPSZ 09-12 from EPSZ 09-12
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Figure E.4: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 8.5 earthquake on EPSZ seg-
ments 09-12 by a 6-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from KSZ 20-23 from KSZ 20-23
144°E 144°E
4|a’ 47I00’ AIS’ :1'9’
—— ——— —— i
26 =4 26’—I -
2 - 257 - -
28 = 24—t -
.
13°N _]] 13°N || ; |
23.00° 23.00°
22 = 227 ] =
21 2y -
0 04 02 03 04 0 01 02 0.3 04
wiave height (m) current speed (m/s)

(c) tide gauge from KSZ 20-23 located at 13.4275° N, 144.7967 ° E

N R ol -

- (i R | e e E e e el -
-
Q

= 20+ ---- tH-k-----f------"---—-mm e -
o i
(®)]

D I { i
L
L]
=

CU —
=

___________ — 1/3s resolutionid

: - = =3s resolution

4 5 6 7 8 9
time after earthquake (hr)

Figure E.5: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 8.5 earthquake on KSZ segments
20-23 by a 6-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from KSZ £7-60 from KSZ 57-80
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Figure E.6: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 8.5 earthquake on KSZ segments
57-60 by a 6-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from MOSZ 10-13 from MOSZ 10-13
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Figure E.7: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 8.5 earthquake on MOSZ
segments 10-13 by a 6-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from MGSZ 02-05 from MGSZ 02-05
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Figure E.8: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-

tory at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 8.5 earthquake on NGSZ seg-
ments 02-05 by a 6-m slip.
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(a) Waximum wave height at Pago Bay, Guam (b)
from RNSZ 08-11
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Figure E.9: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢} tsunami time his-
tory at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 8.5 earthquake on RNSZ seg-

ments 08-11 by a 6-m slip.
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Figure E.10: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on AASZ
segments 02-08 by a 20-m slip.
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Figure E.11: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on AASZ

segments 59-65 by a 20-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from EPSZ 07-13 from EPSZ 07-13
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Figure E.12: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on EPSZ
segments 07-13 by a 20-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from KSZ 20-28 from KSZ 20-28
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Figure E.13: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on KSZ
segments 20-26 by a 20-m slip.
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Figure E.14: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on KSZ
segments 53-60 by a 20-m slip.
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Figure E.15: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on KSZ
segments 57-63 by a 20-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from MOSZ 10-16 from MOSZ 10-16
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Figure E.16: () Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on MOSZ
segments 10-16 by a 20-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from NGSZ 03-09 from NGSZ 03-09
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Figure E.17: () Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on NGSZ
segments 03-09 by a 20-m slip.
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(a) Maximum wave height at Pago Bay, Guam (b) Maximum current speed at Pago Bay, Guam
from RNSZ 14-20 from RNSZ 14-20
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Figure E.18: () Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time
history at the numerical tide gauge at Pago Bay from a tsunami triggered by a Mw = 9.0 earthquake on RNSZ
segments 14-20 by a 20-m slip.
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Figure E1: Tsunami wave height response at Agana Bay from tsunamis triggered by (a) Mw = 8.5 and (b) Mw =
9.0 earthquakes.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from AASZ 05-08 from AASZ 05-08
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Figure E2: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time history
at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 8.5 earthquake on AASZ segments
05-08 by a 6-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from AASZ 58-61 from AASZ 58-61
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Figure E3: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time history
at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 8.5 earthquake on AASZ segments
58-61 by a 6-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from EPSZ 09-12 from EPSZ 09-12
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Figure E4: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time history
at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 8.5 earthquake on EPSZ segments
09-12 by a 6-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from KSZ 20-23 from KSZ 20-23
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Figure E5: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time history
at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 8.5 earthquake on K87 segments
20-23 by a 6-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from KSZ 57-60 from KSZ 57-60
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Figure E6: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time history
at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 8.5 earthquake on K87 segments
57-60 by a 6-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from KSZ 66-69 from KSZ 66-69
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Figure E7: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time history
at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 8.5 earthquake on K87 segments
66-69 by a 6-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from MOSZ 10-13 from MOSZ 10-13
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Figure E8: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time history
at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 8.5 earthquake on MOSZ segments
10-13 by a 6-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from NGSZ 09-12 from NGSZ 09-12
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Figure E9: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time history
at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 8.5 earthquake on NGSZ segments
09-12 by a 6-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from RNSZ 18-21 from RNSZ 18-21
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Figure E10: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 8.5 earthquake on RNSZ
segments 18-21 by a 6-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from AASZ 05-11 from AASZ 05-11
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Figure E11: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 9.0 earthquake on AASZ
segments 05-11 by a 20-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from AASZ 55-61 from AASZ 55-61
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Figure E12: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 9.0 earthquake on AASZ
segments 55-61 by a 20-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from AASZ 56-62 from AASZ 56-62
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Figure E13: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 9.0 earthquake on AASZ
segments 56-62 by a 20-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from EPSZ 07-13 from EPSZ 07-13
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Figure E14: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 9.0 earthquake on EPSZ
segments 07-13 by a 20-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from KSZ 20-26 from KSZ 20-26
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Figure E15: (a) Maximum computed wave heights, (b) maximum computed currents, and (c¢) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw =9.0 earthquake on KSZ seg-
ments 20-26 by a 20-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from KSZ 57-63 from KSZ 57-63
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Figure E16: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 9.0 earthquake on K8Z seg-
ments 57-63 by a 20-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from MOSZ 08-14 from MOSZ 08-14
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Figure E17: (a) Maximum computed wave heights, (b) maximum computed currents, and (c) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 9.0 earthquake on MOSZ
segments 08-14 by a 20-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from NGSZ 03-02 from NGSZ 03-08
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Figure E18: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 9.0 carthquake on NGSZ
segments 03-09 by a 20-m slip.
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(a) Maximum wave height at Agana Bay, Guam (b) Maximum current speed at Agana Bay, Guam
from RNSZ 14-20 from RNSZ 14-20
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Figure E19: (a) Maximum computed wave heights, (b) maximum computed currents, and (¢) tsunami time his-
tory at the numerical tide gauge at Agana Bay from a tsunami triggered by a Mw = 9.0 earthquake on RNSZ
segments 14-20 by a 20-m slip.
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Inarajan Bay
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Figure G.1: Tsunami wave height response at [narajan Bay from tsunamis triggered by (a) Mw = 8.5 and (b) Mw
= 9.0 earthquakes.
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(a) Maximum wave height at Inarajan Bay, Guam (b) Maxim