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Tsunamis observed in Palau
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Tsunamis observed in Palau

SOURCE LOCATIONS
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Earthquake
Magnitude Country

8.1JAPAN

7.8 PHILIPPINES

7.6 PHILIPPINES
7PAPUA NEW GUINEA

7.6 PAPUA NEW GUINEA

7.6 INDONESIA

9.1JAPAN

7.6 PHILIPPINES

7.6 PHILIPPINES

WAVE OBSERVATIONS

Location Name

Location Name

SE. HOKKAIDO ISLAND

E. OF MINDANO, PHILIPPINES
PHILIPPINE TRENCH

PAPUA NEW GUINEA
BISMARCK SEA

NEAR NORTH COAST
HONSHU ISLAND

PHILIPPINE ISLANDS

E. MINDANAO ISLAND

Distance
From Source

Maximum Number

of

Latitude Longitude Height (m) Runups

42.15
9.5

6.8
-2.943
-3.26
-0.414
38.297
10.811
8.527

mm__
1952 PALAU |aNGAURISLAND | eof 13413 @ s1al 19l @ 12
1970 [PALAU  |VIALAKALISLAND, CAROLINEISLANDS | 7.333] 134.463] 860l |
1998 [PALAU  [VIALAKALISLAND, CAROLINEISLANDS |  7.333] 134463  1a5a) |
2002 [PALAU  [VIALAKALISLAND, CAROLINEISLANDS |  7.333] 134463 1503 |

2009 [PALAU  |VIALAKALISLAND, CAROLINEISLANDS |  7.333] 134.463]  874f 3] 210 1
2011 [PALAU  [VIALAKALISLAND, CAROLINEISLANDS | 7.333] 134.463] 35211 11| 10 30

Water

143.85 6.54
127.25 0.33
126.7 0.06
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USGS Earthquakes near Palau

https://earthquake.usgs.gov/earthquakes/map/?extent=5.40552,131.86678&extent=9.04518,137.93115&range=search&sort=largest&listOnlyShown=true&baseLayer=satellite&timeZone=utc&search=%7B%22name%22:%22Se
arch%20Results%22,%22params%22:%7B%22starttime%22:%221960

< (&) ~llhttps://earthquake.usgs.gov/earthquakes/map/?extent=5.40552,131.8667&extent=9.04518,137.93115&range=search&sort=largest&listOnlyShown=true&basel iK1 *ﬁ‘() (< @
R M Gmail @ NOAA [ Meetings [ 10C [ ITIC % Latest Earthquakes 3 uat.tsunami.tatcs... [J IDSS [ Events [ Sealevel [J EQ [ TWC [3J Tsunami [ Hawaii [J Personal »
aUSGS

Format Sort

Magnitude ~ Largest Ma.. ~

La rgest 6.6 State of Yap, Federated Stat...

1988-07-03 11:43:12 (UTC) 14.6 km

6.5 5 km SE of Ulimang, Palau
: 1967-07-20 15:36:24 (UTC)  22.8 km
6.4 180 km SSW of Colonia, Mic...
: 1983-12-11 09:13:49 (UTC)  23.9 km
6.4 121 km ESE of Kayangel, Pal...
: 1982-05-31 15:18:55 (UTC)  33.0 km
6.3 231 km SW of Colonia, Micr...
: 2002-08-14 13:12:39 (UTC)  10.0 km
6.2 135 km SSW of Colonia, Mic...
: 2016-12-18 09:47:06 (UTC)  19.0 km
6.2 94 km SSW of Colonia, Micr...
: 1969-01-27 13:15:27 (UTC)  12.3 km
6.1 90 km SW of Angaur State, ...
v : 2020-12-23 18:11:47 (UTC)  11.0 km

6.1 234 km SSW of Colonia, Mic...
< 1985-11-07 23:34:34 (UTC)  33.5km



https://earthquake.usgs.gov/earthquakes/map/?extent=5.40552,131.8667&extent=9.04518,137.93115&range=search&sort=largest&listOnlyShown=true&baseLayer=satellite&timeZone=utc&search=%7B%22name%22:%22Search%20Results%22,%22params%22:%7B%22starttime%22:%221960-01-14%2000:00:00%22,%22endtime%22:%222026-01-21%2023:59:59%22,%22maxlatitude%22:14.493,%22minlatitude%22:0.967,%22maxlongitude%22:139.395,%22minlongitude%22:129.639,%22minmagnitude%22:5,%22orderby%22:%22time%22%7D%7D
https://earthquake.usgs.gov/earthquakes/map/?extent=5.40552,131.8667&extent=9.04518,137.93115&range=search&sort=largest&listOnlyShown=true&baseLayer=satellite&timeZone=utc&search=%7B%22name%22:%22Search%20Results%22,%22params%22:%7B%22starttime%22:%221960-01-14%2000:00:00%22,%22endtime%22:%222026-01-21%2023:59:59%22,%22maxlatitude%22:14.493,%22minlatitude%22:0.967,%22maxlongitude%22:139.395,%22minlongitude%22:129.639,%22minmagnitude%22:5,%22orderby%22:%22time%22%7D%7D

USGS Earthquakes near Palau

https://earthquake.usgs.gov/earthquakes/map/?extent=6.61629,133.38003&extent=8.65241,136.50839&range=search&listOnlyShown=true&baselLayer=satellite&timeZone=utc&search
=%7B%22name%22:%22Search%20Results%22,%22params%22:%7B%22starttime%22:%221960-01-14%2000:

2 USGS

Format Sort
Magnitude ~ Newest First ~
12 km SSE of Ngchesar Ha...
MOSt Recent 5.0 2017-11-1521:19:15 (UTC) ~ 10.0 km

5.0 8 km S of Kayangel, Palau
*7 2016-01-25 02:05:21 (UTC)  16.2 km

5.3 8 km E of Mengellang, Palau
"~ 2011-10-23 03:26:28 (UTC) ~ 37.5km

. ® 2016
1974 §

5.2 150 km E of Ulimang, Palau
*®  2010-08-0115:46:21 (UTC)  35.0 km

ve 2011
5.3 14 km SE of Ngetkib, Palau {

1995-04-18 19:01:33 (UTC) 33.0 km - ‘ 1 967

Ngerulmud

120 km ESE of Kayangel, Pa...

Sl 1990-03-04 06:35:30 (UTC) ~ 33.0 km B\
] 4
; 2017
6.4 121 km ESE of Kayangel, Pa... PALAU.
: 1982-05-31 15:18:55 (UTC) ~ 33.0 km -

1995

5.8 98 km WNW of Ngchemiang...
"7 1976-12-1910:49:10 (UTC)  33.0 km

v 5.2 16 km NW of Mengellang, P...
*C 1974-12-2517:13:26 (UTC)  24.0 km

Angaur
.

6.5 5 km SE of Ulimang, Palau
’ 1967-07-20 15:36:24 (UTC)  22.8 km



https://earthquake.usgs.gov/earthquakes/map/?extent=6.61629,133.38003&extent=8.65241,136.50839&range=search&listOnlyShown=true&baseLayer=satellite&timeZone=utc&search=%7B%22name%22:%22Search%20Results%22,%22params%22:%7B%22starttime%22:%221960-01-14%2000:00:00%22,%22endtime%22:%222026-01-21%2023:59:59%22,%22maxlatitude%22:14.493,%22minlatitude%22:0.967,%22maxlongitude%22:139.395,%22minlongitude%22:129.639,%22minmagnitude%22:5,%22orderby%22:%22time%22%7D%7D
https://earthquake.usgs.gov/earthquakes/map/?extent=6.61629,133.38003&extent=8.65241,136.50839&range=search&listOnlyShown=true&baseLayer=satellite&timeZone=utc&search=%7B%22name%22:%22Search%20Results%22,%22params%22:%7B%22starttime%22:%221960-01-14%2000:00:00%22,%22endtime%22:%222026-01-21%2023:59:59%22,%22maxlatitude%22:14.493,%22minlatitude%22:0.967,%22maxlongitude%22:139.395,%22minlongitude%22:129.639,%22minmagnitude%22:5,%22orderby%22:%22time%22%7D%7D

PALAU

States and Capitals

Maximum inundation and *
run-up

The States of Palau




PALARIS LiDAR DEM
(a) and final DEM (b)
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Sensitivity
Study

Latitude

120 125 130 135 140 145 150 155
Longitude

Stars mark the origin of historic tsunami
that ever affected Palau

Synthetically generated tsunami source
scenarios from around the Pacific Basin were

modeled with computationally optimized grids
3.239,12.957, 51.828 and 207.313 arc-seconds

Source parameters were selected based on
maximum possible earthquake magnitude of
the subduction zone (SZ) with the return
period 2500 years (Philippine Trench - Mw
8.5, New Guinea — Mw 8.2, Palau - Mw 7.4,
Yap — Mw 7.8, Mariana — Mw 8.4, lzu-Bonin —
Mw 8.6, Japan — Mw 9.1, Kuril-Kamchatka —
Mw 9.0, Ryukyu — Mw 8.5, Nankai — Mw 9.0)

HySea — an NTHMP-benchmarked inundation
model was used for modeling

The study helps to determine potential
earthquake-generated tsunami sources of
greatest concern to Palau

Maximum wave amplitudes were received

from the sources originated from the
Philippine Trench

Source parameters, distance to the source and
direction of the most energy released
determine the potential tsunami hazard



Subsequent to the sensitivity study, we selected four earthquake scenarios to be modeled at the highest resolution
of 10 m: two the most hazardous to Palau sources along the Philippine Trench and two closest to Palau
sources with the significant impact (one source from Palau and one from Yap Trenches).
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Source location, arrival times, and maximum wave amplitudes in deep ocean for the most hazardous sources
Phillipinel (a), Philippine2 (b) and the closest to Palau significant impact sources Yap (c) and Palau (d).
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Tsunami Inundation
Modelling Study
(NOAA PMEL, 2024)

« Maximum of Maximums
forecast amplitude

« Uses all plausible
tsunami scenarios

e Dominated by M8.5 off-
Philippines (Philippines
Trench) ‘local’ scenario,
with 1.5 hrs tsunami
travel time




Wave Propagation — Philippines source
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The wave amplitudes (offshore) and tsunami heights (onshore) and currents (black vectors) at different time intervals after
earthquake from the Philippine2 source, the most dangerous for Koror.
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The wave amplitudes (offshore) and tsunami heights (onshore) and currents (black vectors) at different time intervals
after earthquake from the Philippine2 source, the most dangerous for Koror.



Tsunami Inundation Modelling Study (noaA PMEL 2024)
Google Map flyover with Inundation Layer overlay (light blue shade)

Google Earth
79" E elev -2ft eyealt222.17 mi




Tsunami Inundation Modelling Study (noAA PMEL 2024)

Google Map flyover with Inundation Layer overlay (light blue shade)
Elevation Contour (10 m red (evacuation map), 5 m yellow

Google Earth
4°29'35.41"E elev 37ft eyealt169.71mi £




Palau National Stadium
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2023 Sep 25 02:56:52 | TSUNAMI TRAVEL TIMES USING POINT SOURCE (EPICENTER), ® = Past EQ, A = Coastal Gauge, ¥ = Deep-ocean Gauge



Presented to

Tsunami Scenarios — what could happen

* Nearby sources: 1-1.5 hour or less
* Philippine Trench
* Southern Marianas
* New Britain Trench (New Guinea)

* Regional and Distant Source: 2.5-3 to 21 hours
* Ryukyu Trench (northwest from Taiwan)
* Aleutian Trench
* South American Trench

Palau National Emergency Committee
27 September 2023



Yap Trench, M7.9 to 8.2, TTT=0.45 hr

Tsunami Coastal Impact Tool version 4.3.2

juested Epicenter, Lat:  9.43764 Lon: 138.20952 Closest in Catalog, Lat:  9.43764 Lon: 138.20952 (0 [km] away)

: 7.90 Event:

! R RNV
[ ] i Tsunami Coastal Impact Tool version 4.3.2

w Requested Epicenter, Lat:  10.32493 Lon: 138.28933 Closest in Catalog, Lat:  10.28560 Lon: 138.31039 (5 [km] away)

r TsuCAT
Mw: Event:

I 1 Offshore Wave Ampl. [cm]

~Z Travel Time [hrs]

@ Earthquake Epicenters

7 Requested Source Epicenter

@ PropDB Catalog Epicenters
I Tsunami Observations
“{~ Plate Boundaries

<}

@ Coastal Gauges
A DART Buoys

< ]

71N Coastal Hazard Guidance

Tokye Place Names

@@ User-supplied Maps

&= Warning Polygons

» v PTWC Polygons
v Custom Polygons

16.32920° N Travel Time: 0.98 [hrs] Offshore Ampl: 5.7 [em]
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Presented to EE » _’A i C u T —= .

Palau National Emergency Committee S \\ /\\ : .\/'— “k =

27 September 2023

Lon: 134.89590° E Lat: 14.60520° N Travel Time: 0.73 [hrs] Offshore Ampl: 24.7 [em]




New Britain (New Guinea), M8.2, TTT=1 hr

0@ Tsunami Coastal Impact Tool version 4.3.2

@ TsuCAT

Requested Epicenter, Lat: -0.10720 Lon: 134.83070 Closest in Catalog, Lat: -0.10720 Lon: 134.83070 (0 [km] away)

Mw: Event:

I | Offshore Wave Ampl. [cm]
~Z~ Travel Time [hrs]
@ Earthquake Epicenters

< I < I < I <

7 Requested Source Epicenter
@ PropDB Catalog Epicenters

I Tsunami Observations

8 |

“L~ Plate Boundaries

® Coastal Gauges
A DART Buoys

1\ Coastal Hazard Guidance

< I < I

Tokye Place Names

@@ User-supplied Maps

£ Warning Polygons

» /| PTWC Polygons
+| Custom Polygons
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Palau National Emergency Committee 113 61863° E Lat: 6.58499° N Travel Time: 5.32 [hrs] Offshore Ampl: 0.1 [em] I Transparency:
27 September 2023




Western Marianas, M&8.2 to 8.5, TTT=1 hr

Tsunami Coastal Impact Tool version 4.3.2

Tsunami Coastal Impact Tool version 4.3.2

w Requested Epicenter, Lat: 11.49310 Lon: 140.54552 Closest in Catalog, Lat:  11.49310 Lon: 140.54552 (0 [km] away)
TsuCAT

Requested Epicenter, Lat:  11.27160 Lon: 140.14101 Closest in Catalog, Lat: 11.27160 Lon: 140.14101 (0 [km] away)
Mw: Event:
pl. [cm] ‘
s
icenter
nters
1S
| Mw: Event:
dance I | Offshore Wave Ampl. [cm]
~Z~ Travel Time [hrs]
@ Earthquake Epicenters
e Requested Source Epicenter
"~ @ PropDB Catalog Epicenters
O EI Tsunami Observations
@ L+ Plate Boundaries
| ® Coastal Gauges
A DART Buoys
1\ Coastal Hazard Guidance
Tekye Place Names
| &m User-supplied Maps
| &2 Warning Polygons
» | PTWC Polygons
v Custom Polygons
Lat: 17.95592° N Travel Time: 4.10 [hrs] Offshore Ampl: 1.1 [em]
Presented to
Palau National Emergency Committee
27 September 2023 Lon: 112.96012°E Lat: 19.16250° N

Travel Time:

4.22 [hrs]
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treme
High
Med

,.
2
|

No Data

e
BN ronEBE882388

Offshore Ampl:

1.2 [em]

I Transparency:




Southern Philippines, M7.7to 8.5, TTT=1 hr

Tsunami Coastal Impact Tool version 4.3.2

Requested Epicenter, Lat:

[7.70 | Event:

3.38673

Lon: 128.63744

Closest in Catalog, Lat:

3.38673

Lon:

128.63744

(0 [km] away)

ve Ampl. [cm]
hrs]

centers

rce Epicenter

 Epicenters
rvations
ries [2]

rd Guidance

Maps
ons

Lat:

18.45383° N

Presented to
Palau National Emergency Committee

27 September 2023

Travel Time:

2.07 [hrs]

Offshore Ampl:

1.8 [em]

@ K 1 Offshore Wave Ampl. [cm]
~Z“ Travel Time [hrs]

[<JN <

@ Earthquake Epicenters

<]

¢ Requested Source Epicenter

@ PropDB Catalog Epicenters
I Tsunami Observations
L Plate Boundaries

[ <

# Coastal Gauges
A DART Buoys

[<

71\ Coastal Hazard Guidance

<]

Tekye Place Names
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£ Warning Polygons
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1

‘l \—/
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z
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‘\ \ g
Nt % N\ > \ \\ \\
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A L \
00 Tsunami Coastal Impact Tool version 4.3.2
Requested Epicenter, Lat:  3.30480 Lon: 128.47407 Closest in Catalog, Lat:  3.30480 Lon: 128.47407 (0 [km] away)
TsuCAT
Mw: | 8.50 | Event:
7
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Central Philippines, M7.3/7.5t0 8.5, TTT=1 hr &

) @ Tsunami Coastal Impact Tool version 4.3.2

g TsuCAT

Requested Epicenter, Lat:  7.50262 Lon: 127.08698 Closest in Catalog, Lat:  7.50262 Lon: 127.08698 (0 [km] away)

Mw: Event:

| I 1 Offshore Wave Ampl. [cm) Tsunami Coastal Impact Tool version 4.3.2

3
e T i N x;’qi-'\ Requested Epicenter, Lat:  7.40502 Lon: 127.25065 Closest in Catalog, Lat:  7.47233 Lon: 126.91770 (37 [km] away)
@ Earthquake Epicenters ~ v ; ‘ 5 '
v ” ! )/ o ‘ s -
| 7 Requested Source Epicenter i Lo : , ‘ AR ‘ N B350 ] Event
@ PropDB Catalog Epicenters o] e \ \ - . -

' Tsunami Observations

| L~ Plate Boundaries [2]
@ Coastal Gauges
A DART Buoys
| %\ Coastal Hazard Guidance  [3] ‘
| Tokyo Place Names
@@ User-supplied Maps
&3 Warning Polygons

-/ PTWC Polygons
7| Custom Polygons

Tsunami Coastal Impact Tool version 4.3.2
Requested Epicenter, Lat:  7.50262 Lon: 127.08698 Closest in Catalog, Lat:  7.50262 Lon: 127.08698 (0 [km] away)

Mw: Event:

. [em]
116.27896° £ Lt M
@2
i & o =
2N NS, S B ‘ . :
/‘/‘//')/'////éllhijt.—a. ./; L8 V] b L ﬁ’w)/’”]mun
Travel Time:  0.33 [hrs] Offshore Ampl:  24.2 [cm] I Transparency:
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27 September 2023




Western Ryukyu, M7.8 to 8.7, TTT=2.5 hours

Tsunami Coastal Impact Tool version 4.3.2

Requested Epicenter, Lat:

AT

Mw:

7.80 Event:

23.31788

Lon: 125.22030

Closest in Catalog, Lat:

23.61935

Lon:

125.54945

(47 [km] away)

ave Ampl. [cm]
[hrs]
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Tsunami Coastal Impact Tool version 4.3.2

‘ @ TsuCAT

Mw:

Requested Epicenter, Lat:

8.70  Event:

24.25066

Lon:

125.69046

Closest in Catalog, Lat:  24.25066

d Maps
gons
5
ns
E— el
E Lat: 23.12460° N Travel Time: 0.51 [hrs] Offshore Ampl: 8.6 [em]
Presented to

Palau National Emergency Committee

27 September 2023
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~Z~ Travel Time [hrs]
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Western Aleutians, M9.2, TTT=14 hours

Tsunami Coastal Impact Tool version 4.3.2

@ TsuCAT

Mw:

Requested Epicenter, Lat:

9.20 | Event:

53.92934  Lon: 169.02876

Closest in Catalog, Lat: 53.92934

Lon:

169.02876

( 0 [km] away)

»

I | Offshore Wave Ampl. [cm]
~Z~ Travel Time [hrs]

@ Earthquake Epicenters

7 Requested Source Epicenter
@ PropDB Catalog Epicenters
D Tsunami Observations

L Plate Boundaries
@ Coastal Gauges
A DART Buoys
71N\ Coastal Hazard Guidance
Tekye Place Names
@ User-supplied Maps
&1 Warning Polygons

v PTWC Polygons
v Custom Polygons
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Storm Surge vs Tsunami Waves

Considerations of impact along coastlines

Tsunamis more dangerous than Storm Surge



STORM SURGE VS TSUNAMI IMPACT CHARACTERISTIC{%‘?

STORM SURGE TSUNAMI
Shoreline characteristics Shoreline characteristics
« smaller amplitude growth < low velocity at shore « large amplitude growth < Rapid amplitude rise
* low erosion  turbulent water surface  high velocity at shore + High erosion
« small wave run-up S T « large wave run-up
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Inundation characteristics Inundation characteristics
- multi-directional inundation from many waves * less frequent number of waves with backflow
« short time interval between inundation * longer period between waves and inundation
- lower energy pulses  inundate further due to greater energy than storm surge
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A Schematic comparison of storm surge and tsunami along shore and backshore (from Switzer and Jones 2008)
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MODELING OF STORM SURGE VS TSUNAMI

Storm Surge

O Storm surge models output flooding. SLOSH (Sea, Lake, and
Overland Surges from Hurricanes) is a commonly used model
that inputs weather and climate measurements, geographic
features, and structures to show where flooding is expected.

Tsunamis

O Tsunami models output wave direction, flow depths, and
currents. HySEA, GEOCLAW, TUNAMI, MOST are a few of the

many numerical models used to generate, propagate, and
inundate tsunami waves onto normally dry land.
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SUMMARY &

O

Storm surges are NOT waves. They are a dome of water created by winds near a storm
center and pressure gradients. Surges move at the same speed as the storm and are
slow moving so most damage is caused solely by flooding.

Tsunamis are much faster than storm surges and carry much more energy so
frequently impact a shore with massive kinetic force.

m  Damage is caused by flooding, strong currents, dislodged and variably sized
floating debris (incl boats, autos, containers, trees, buildings, household goods...)

m  Flow is bi-directional (180° inland then recedes back out to sea).

Both waves cause flooding and may reach the same shore height, but

m  Tsunami waves flood QUICKLY and can reach 10-20 meters in height in a few
minutes to 10s of minutes, and then recede equally as fast. Surge heights are
reached more gradually

m  Tsunami waves may travel GREATER INLAND DISTANCES, set up damaging
currents, and will destroy whatever lies in the waves path.
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Questions

Dr. Laura Kong

Director, International Tsunami Information Centre
laura.kong@noaa.gov

e UNESCO/IOC-NOAA SHOA

20 International Tsunami Information Centre



