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NOAA/NCEI and ICSU World Data System

« NOAA/NCEI Boulder, Colorado, USA and co-located World
Data Service (WDS) for Geophysics provide long-term
archive, data management, and access to global

tsunami data

— global historical tsunami data, damage photos, raw and processed
water level data from NOAA observational networks, and
development of digital elevation models (DEMS)
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Presentation Notes
WDS – Geophysics is operated by and collocated with the U.S. Department of Commerce, National Oceanic and Atmospheric Administration (NOAA), National Centers for Environmental Information (NCEI) in Boulder, CO USA. NCEI/WDS actively encourages data exchange & promotes excellence in data management through international cooperation. 
The World Data Center / National Data Center offer data management expertise to the scientific community which requires:  
Knowledge of data standards, Knowledge of metadata standards, Knowledge of data transfer standards, Data delivery best practices, Data archive 
Special emphasis is given to data supporting IUGG, IOC, and UNEP programs. NCE/WDS participates in the Intergovernmental Oceanographic Commission (IOC) committee on International Oceanographic Data and Information Exchange (IODE), the Intergovernmental Coordination Group for the Tsunami (ICG Pacific and CARIB), the General Bathymetric Chart of the Oceans (GEBCO), and IOC regional mapping projects. NCEI/WDS operates the IHO Data Center for Digital Bathymetry, cooperates with the Integrated Ocean Drilling Program (IODP), operating data archives for DSDP and ODP data, and operates the IOC-endorsed Index to Marine and Lacustrine Geological Samples database. 
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Global Historical Tsunami Data

Know the past to better understand the future

The historical tsunami database is a scientifically curated list of tsunami
source events and water height locations throughout the world that range in

date from 2000 B.C. to the present. These data support:
— Forecast and Warning, media response, tsunami model validation, coastal

hazard assessments and community resiliency
Authoritative source for historical tsunami event data
Database is continuously updated based on new sources
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Presentation Notes
Natural Hazards Data

Natural hazards such as earthquakes, tsunamis, and volcanoes affect both coastal and inland areas.  Long-term data from these events, including photographs, are used to establish the past record of natural hazard event occurrences.  These data are also important for planning, response, and mitigation of future events.

NCEI plays a major role in post-event data collection.  NCEI also assist in the detection, location, and evaluation of the extent of certain hazards using satellite data.  The types of hazards detected using the Defense Meteorological Satellite include fires, floods, hurricanes, and cyclones. 

Many partners and sources of data including warning centers, PMEL, NDBC, CO-Ops, USGS, ITIC, EM-DAT, journal articles eg field surveys, catalogs

Continuously updated based on new sources.


Tsunami Source Events

 Date, location, latitude/longitude, cause (e.g. earthquake, volcanic eruption),
maximum water height, socio-economic data (deaths, injuries, damage), references

1,017 (validity 1-2)
1,228 (validity 3-4)

249 confirmed fatal
' s tsunami events.
[ Taunsmi souce vants Deadliest event:

2000 B.C. to Present

oo 2004 Sumatra with
4 over 227,000 deaths

‘ Q Few (1-50deaths)
© some (51-100 deaths)

‘ ® Many (101-1000 dearhs)

| ® Very Many (over 1000 deaths)
24, 3

e —
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Tsunami Wave Observations

Eyewitness, field survey, tide gauge, DART

— Location name, latitude/longitude, wave arrival time, wave height, inundation distance,
socio-economic (deaths, injuries, damage), references
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Presentation Notes
This plot includes all runups in the database, for example it also includes seiches, atmospheric pressure waves
>7k from eyewitness, 10K from field surveys,  >6k tide gauge, 139 DART, 17 atmospheric pressure wave, 178 seiche, 


Source Documents

Over 3,000 documents that describe damage and effects from
tsunami, earthquake, and volcano events. Types of documents:

NOAA National Weather Service Tsunami Warning Centers

US Geological Survey National Earthquake Information Center
NOAA/IOC/UNESCO International Tsunami Information Center
National and International Tsunami Survey Teams

Journal articles, newspaper reports, web articles, e-mail, diaries, ships
logs

Tsunami, Earthquake, Volcano catalogs

MOVEMBER 2004 - SEFTEMBER 2008 VOLUME X001l NUMBER 1

MagnitUde 7'7 earthquake s THE ERUPTION OF KRAKATOA,
Tsunamis Affecting the West Coast

western coast of Ca nada, ts ?S,UW': - of the United States
warning issued ‘HENSLETTE“ uuuuu QUENT PHE CNOMENA. 1806-1992

International Tsunami information Centre

REPOET OF THE ERAKATOA COMMITIEE
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Presentation Notes
Continuously updated based on new sources.
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Background, 15t Assessment

The U.S. National Tsunami Hazard Mitigation
Program (NTHMP) requested 15t Assessment

— NTHMP: federal, state, territorial agencies
— Natl Science & Technology Council released report
Tsunami Risk Reduction for the United States

» Develop tsunami hazard and risk assessments for all
coastal regions of the U.S. States and Territories
NOAA's National Centers for Environmental Information (NCEI)
— Catalogs information on global historical tsunamis

U.S. Geological Survey (USGS)

— Conducts research on earthquake hazards facing the U.S.

NCEI & USGS conducted the 1stU.S. Tsunami Hazard
Assessment, published 2008



Presenter
Presentation Notes
The first U.S. Tsunami Hazard Assessment (Dunbar and Weaver, 2008) was prepared at the request of the National Tsunami Hazard Mitigation Program (NTHMP). The NTHMP is a partnership formed between federal, state, and territorial agencies to reduce the impact of tsunamis through hazard assessment, warning guidance, and mitigation. The assessment was conducted in response to a 2005 joint report by the Sub-Committee on Disaster Reduction and the U.S. Group on Earth Observations entitled Tsunami Risk Reduction for the United States: A Framework for Action. The first specific action called for in the Framework was to “Develop standardized and coordinated tsunami hazard and risk assessments for all coastal regions of the United States and its territories.”
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Since the 15t Assessment

o Significant events

— 2009 Samoa, Mw 8.1
 American Samoa: 3-18m runups,
39 Deaths, $126 million

— 2010 Maule, Chile Mw 8.8
« California: 1m runups & strong
currents, $3 million

— 2011 Great East Japan, Mw 9.0 =
. iy Crescent C/ty Harbor damage rom ’
e Hawall: 3-5m runUpS, $31 million Credit: Rick Wilson, California Geological Survey.
« California: 1-2.5m runups & strong currents, 1 Death, $50 million

e New research results

* National Academies Assessment of Tsunami Program, 2011
— Periodic assessment of the sources of tsunamis that threaten the U.S.

« NTHMP requested an Update



Presenter
Presentation Notes
Since the first assessment, there have been a number of very significant tsunamis, including the 2009 Samoa, the 2010 Chile, and 2011 Japan tsunamis.  As a result, the NTHMP requested an update of the U.S. tsunami hazard assessment.
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American Samoa

Sep. 29, 2009 Tsunami Event | V

Pago Pago: Bim 5‘"“‘"50;.;*' b Mama,; ¢ Sept 29, 2009
l M AA ','-" el - Tide gauge 2.7 m
l = = = ) .
|| )5y ' ,]n ' . 95' % E &k — 218 field survey points
l‘"lh Tutuila e >3m - 169
i e >10m - 10
I' Manu’a Group

Poloa: 17.6m
\ AN
~ Ofu Olosega T'au Other Tsunami Events
5.9m

Runup Height (m): ‘

(IJ ? 1|0 1|5 Kilometers / / - J Jiyni® .{'J; ‘,
* 59 events observed in AS < 2009 o
: %
— 56 tide gauge (Pago Pago): il oo

« majority < 0.3m =
— 9 eyewitness: <3.0m £
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Presentation Notes
Slide shows the runups observed in American Samoa before the 2009 tsunami and runups due to the 2009 event and those previously recorded.
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Tsunami Hazard Assessment
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United States and Territories
National Tsunami Hazard Assessment

 Probabilistic tsunami hazard analysis Hictorical Record

— Historical and Prehistorical (paleo) tsunami data ~ and Sources
for Waves-Update

— Quantitative probabilistic models of local and far-
field tsunami sources (earthquake, landslide,
volcano)

— High-resolution DEMs (topography, bathymetry,
tidal information) 5.

— Numerous propagation and inundation simulations |l
for tsunami sources '

e Goal of the First Assessment
— Qualitative assessment of the hazard at the state/regional level

e Goal of the Second Assessment

— Update the qualitative assessment with new database searches,
provide an overview of latest research, evaluate hazard levels



Database Quality Control

e Tsunami source events affecting the U.S. and runups were reviewed
for accuracy

— Check original sources, crosscheck with earthquake, volcano,
hurricane catalogs

— Check Deaths, damage, water heights
« Events were selected for further examination
— Validity 3 or 4
— Runup not flagged as doubtful
— Waves reported on inland waters were not counted

— Not meteorologically caused — not enough data to include
e QOct 2008 and June 2013 Atlantic meteotsunamis discussed

— All dates were included - 1690 Virgin Islands earliest report


Presenter
Presentation Notes
Since the first assessment (Dunbar and Weaver, 2008), two events have been identified as meteotsunamis. Possible meteotsunamis identified in the past lacked enough observations to positively verify this determination.  Understanding the physical processes that generate and control meteotsunamis is a required first step to develop a better assessment of the hazard from these atmospheric-induced events. In addition, the database of observations needs to be carefully constructed to cover the range of possible (or lack of) observations. 
With only two known events generated from meteotsunamis in the database, there is not enough data to justify including this phenomenon in the assessment at this time. Despite the low runup counts, ten Brink et al. (2014) suggest that the wide and shallow continental shelf on the U.S. east coast and the high frequency of the generating storms may present a meteotsunami hazard that should be considered.  Lipa et al. (2014) state that “Meteotsunamis generally do not have sufficient heights/energies to cause catastrophic loss of life, as do severe seismic tsunamis, although damage to harbors and coastal structures is frequently significant”. 
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Examine the Historical Tsunami Record

e Count tsunami events affecting each state
— Bin tsunami events based maximum measured runup
e Undetermined

0.01 m<runup <0.3m
0.3 m < runup < 1.0 m <«<— Advisory - U.S. Tsunami Warning Centers

1.0 m < runup < 3.0 m «<— Warning - U.S. Tsunami Warning Centers
3.0 m < runup

e Tsunami event could be counted In several states
— 1952, 1960, 1964, etc.

e Although not a vulnerability or risk assessment

— Examine the severity of tsunamis by counting total number of
deaths and dollar damage due to tsunamis in each state


Presenter
Presentation Notes
We characterize the tsunami hazard by first determining the number of individual tsunamis reported in each State or territory and then binning the results into five categories of runup amplitudes—Undetermined runup height, 0.01 m to 0.3 m, 0.31 m to 1.0 m, 1.01 m to 3.0 m, and greater than 3.0 m. Based on the total spread of events, runup amplitudes, and earthquake potential, we assigned a subjective hazard from very low to very high. These assessments recognized that tsunami runups of a few tens of centimeters have a lower hazard than those with runups of a few to many meters.
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Tsunami Runup Events

State tsunami runup
events range from
none in PA, DE, VA,
NC, GA, AL, MS, and
LA to 134 in Hawal

Change from 18t

— Added year of 15t tide
gauge installation

— Pacific Island
Territories grouping

— Added Alaska Arctic
Coast

) T la

Table 2-1.Tsunami runup events, total number of runups, deaths, and dollar damage by state/territory and region from the
NOAA/NCEI tsunami database (extracted January 9, 2015). Dollars have not been adjusted for inflation. See Section 2.3.3
for an explanation of the counts. For more information on specific tsunamis, access the online database at http:/www.

ngdc.noaa.gov/hazard/tsu_db.shtml.

: . : . Runups (m) $Million
Location (year of tide gauge installation, | Total Undetermined | 901 | 0.31 | 1.01 Total | Reported e
first confirmed report) Events to to to | 3.0 | Runups | Deaths rted
03 | 1.0 | 30 Repo
Maine (1847, 1929) 1 1 3
New Hampshire (1926, 1929) 1 1 1
Massachusetts (1847, 1929) 1 1 2
Rhode Island (1844, 1929) 2 1 1 3
Connecticut (1932, 1964) 1 1 1
Mew York (1844, 1895) 2 1 1 7
Mew Jersay (1844, 1918) 6 3 7 1 8
Pennsylvania (1922, )
Delaware (1896, )
Maryland (1844, 1929) 1 1 1
Virginia (1844, )
North Carolina (1882, )
South Carolina (1850, 1886) 2 1 1 B
Georgia (1851, )
Florida (1855, 1886) 4 3 1 5
LS. Atlantic Coast Totals 21 13 7 1 0 0 33 0 50
Florida (1858, )
Alabama (1846, )
Mississippi (1848, )
Louisiana (1932, )
Texas (1852, 1918) 1 1 1
LS. Gulf Coast Totals 1 1 1] 0 0 0 1 0 50
Puerto Rico (1954, 1867) 10 2 3 2 1 2 36 140 54
Virgin Islands (1975, 1690) 9 2 3 1 1 2 23 24
PR &Vl Totals 19 4 &6 3 2 4 59 164 54
Washington (1855, 1891) 29 2 20 3 3 1 100 1 51
Oregon (1853, 1854) 30 23 2 3 2 106 5 51
California (1853, 1812) 88 5 56 13 10 4 641 19 580
U. 5. West Coast Totals 147 T 99 18 16 7 847 25 582
Guam (1948, 1849) 17 3 11 2 1 26 1
Northern Mariana (1978, 1990) 11 1 9 1 12
Guam & N. Mariana Is. Totals 28 4 20 1] 3 1 38 1
American Samoa (1922, 1837) Totals 68 10 46 8 3 1 293 34 5126
Alaska Arctic Coast (1993, _) Totals 0 0 '] 0 0 0 0 0 50
Alaska (1872, 1737) Totals 100 T 62 9 6 16 492 222 5110
Hawaii (1872, 1812) Totals 134 2 83 19 11 19 2002 293 590
AMERICAN Totals | s18 | 48 | 323 | 58 | a1 | 48 | 3765 739* | 5412

*Includes 5 indirect deaths: Hawaii in 1957 (2) and 2012 (1), California in 1960 (1) and 1964 (1)



Presenter
Presentation Notes
In the 2008 assessment, we organized the results into seven broad regions:  U.S. Atlantic Coast, U.S. Gulf Coast, Puerto Rico and the Virgin Islands, U.S. West Coast, Alaska, Hawaii, and U.S. Pacific Island Territories.  We divided Florida’s coast between the Atlantic and Gulf Coast regions.  The Pacific Island Territories included Guam, the Northern Mariana Islands, and American Samoa. In this assessment, as a result of the 2009 Samoa tsunami and since American Samoa is in a different subduction zone than the Northern Marianas and Guam, we list it separately. We dropped the grouping U.S. Pacific Island Territories, listing Northern Marianas and Guam together., similar to the way we list Puerto Rico and the Virgin Islands. The other broad regions remain the same.
Since the 2008 assessment, there were no changes to the U.S. Atlantic and Gulf Coast totals (Table 2-1). The 2010 Haiti earthquake produced several small tsunamis that recorded on tide gauges in Puerto Rico and the Virgin Islands, the only changes to these totals since 2008.  There were several small tsunamis observed on tide gauges in American Samoa, Guam, the Northern Marianas, Alaska, Hawaii, and along the U.S. West Coast. There were also 1-2.0m runups and strong currents observed in California boat harbors after the 2010 Chile and 2011 Japan tsunamis and 4.0-5.0m runups observed in Hawaii after the 2011 Japan tsunami. Both Hawaii and California suffered damage from these tsunamis and one death occurred in California from the Japanese event.


(a)
Legend
[ # Events with Runups > 3.0 m
[] # Events with 1.01-3.0 m Runups
[] # Events with 0.31-1.0 m Runups | ~ ..
[ # Events with 0.01-0.3 m Runups
_| [ # Events with Undet. Runups

IS
0

.r, :
m Mariana Is 11 events; 0 deaths

) 2 3
/ 3 1121
am 17 events; 1 death - -

Hawaii: 134 events; 293 deaths

;\me,ncan Samoa:.68 events; 34 deaths :

U .
v _ %m:u

Tsunami Runup Events

90% - Pacific Basin
10% - Atlantic Basin

9 1M 19
/-:lME 2 events; 0 deaths

NH: 1 went 0 deaths
N /Hm 2 events; 0 deaths
7 RI: 3 events, 0 deaths

53

U.S. experience with
tsunamis is greatest in
the Pacific Basin

DE: 1 event, 0 deaths
MD: 2 events, 0 deaths

VA: 1 event, 0 deaths
Nc 1 event, 0 deaths
C: 2 :
l TX: 1 event, 0 deaths Z1SC: 2 events; 0 deaths

H FL 4 events, 0 deaths

\ﬁc'r. 2 events, 0 deaths
2 NY: 3 events, 0 deaths
\E —TINJ: 7 events, 0 deaths

Logend
I # Events with Runups > 3.0 m
[] # Events with 1.01-3.0 m Runups
["] # Events with 0.31-1.0 m Runups |
[T # Events with 0.01-0.3 m Runups
- # Events with Undet. Runups

Puerto Rico: 11 events, 140 deaths
- IS | 2oy 3

Vizrgin lssland:: é e\?ems. 24 deaths
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Presentation Notes
We have summarized the results in Table 2-1 and on themaps. It is still very clear from Table 2-1 that the U.S. experience with tsunamis is greatest in the Pacific Basin based on the total number of tsunami runup events.  Again, we emphasize that the numbers in Table 2-1 do not represent the total number of individual tsunamis, but the number of tsunamis per state and territory with reported runups.  For instance, the 1964 Alaska earthquake generated a tsunami that counts as a recorded tsunami runup event in many States (e.g., Washington, Oregon, Alaska, California, and Hawaii).  Thus, the numbers in columns 3—7 in Table 2-1 are state and territory tsunami runup events with runups within the listed criteria.
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Difference 1st and 2" Tsunami Counts

e Most changes occurred in
Pacific
 Changes in American

Samoa from 2009 tsunami

* Improved accounting

1868 California;: 34 deaths
counted twice

1867 Virgin Is: 24 vs 30 deaths

1918 Puerto Rico: 140 vs 142
deaths

1964 Alaska: Kodiak Naval
Station $10.3 million counted
twice, Point Whitshed
$1.7million error

7
Total Total SMillion
Regional Totals Tsunami | Runups for | Deaths | Damage
Events | all Events Reported
LL5. Atlantic Coast 0 0 0 50
U.S. Gulf Coast 0 0 0 50
e R I R
U.S. West Coast 34 297 1 560
Guam and N. Mariana ls. 12 14 0 50
American 5amoa 12 233 34 5126
Alaska Arctic Coast 0 0 0 50
Alaska 19 140 0 -512
Hawaii 20 410 -33 53
American Totals 99 1104 -7 5205



Presenter
Presentation Notes
To examine the differences between the 2008 assessment and those in this report, we compared four quantities summarized in Table 2-1 (this report) and Table 2-1 in the 2008 report. We compared: the total number of reported tsunamis, the number of reported runups, the number of deaths, and the estimated damage. The differences in the values are shown in Table 2-4. As is obvious, the recent tsunamis continued the pattern seen in the longer term data—with the exception of Puerto Rico and Virgin Islands where a few tsunamis recorded, all of the changes occurred in the Pacific Basin. The two decreases in the number of reported deaths for Puerto Rico and Hawaii, and the decrease in dollar damage for Alaska; reflect improved accounting for deaths and damage in the NGDC data base. The destructive 2009 American Samoa tsunami accounted for the increase in deaths and dollar damage in American Samoa l. California suffered damage from the 2010 Chilean tsunami. California and Hawaii both suffered damage from the 2011 Japanese tsunami.  Note: the only change to PR and VI was the 2010 Haiti, the third event was an older tsunami that was not listed in the VI until the second assessment.
1868 Total deaths for Hawaii were summarized as 47 as well as additional Apua (+1), Honuapo (+27), Kawa Bay (+7) = -35
1946 one girl counted twice =  -1
1957 two indirect deaths not counted = +2
2012 indirect death = +1
-35 -1 +2 +1 = -33 
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Tsunami Runup Eevents

 Runup Event Heights

Very Low: Zero events

Low: all runups <1.0m

Meoderate: runups >1.0m & no runups >3.0m
High: runups >3.0m

Very High: runups >3.0m& >50 total events

 Runup Event Heights Per Year

Very Low: Zero events

Low: all events >0.0 and no events with
runups >1.0m

Meoderate: >0.01 for runups >1.0m and no
runups >3.0m

High: >0.01 for runups >3.0m

Very High: >0.02 for runups >3.0m
~>3m at least once every 50 years

e S A N
B 3 P P f i

 Location | ot | Tme | Total | Total | EVENES | yorg | Events
O st contrmedrepord) | 5| (eare | per Year| >1.0m | >10m | S50 >30m
per year per year
Maine (1847, 1929) 1 168 o0 ] 0.00 0 0.00
MNew Hampshire (1926, 1929) 1 89 o.M ] 0.00 0 0.00
Massachusetts (1847, 1929) 1 168 0.0 ] 0.00 0 0.00
Rhode Island (1844, 1929) 2 171 o0 ] 0.00 0 0.00
Connecticut (1932, 1964) 1 a3 o.M ] 0.00 0 0.00
- New York (1844, 1895) 2 171 o.m 0 0.00 0 0.00
E Mew Jersey (1844, 1918) -] 171 0.04 ] 0.00 0 0.00
; Pennsylvania (1922, ) 0 93 0.00 0 0.00 0 0.00
é Delaware (1896, ) 0 119 0.00 0 0.00 0 0.00
Maryland (1844, 1929) 1 171 o.m 0 0.00 0 0.00
Virginia (1844, ) 0 171 0.00 0 0.00 0 0.00
Morth Carolina (1882, ) 0 133 0.00 0 0.00 0 0.00
South Carolina (1850, 1886) 2 165 0.01 0 0.00 0 0.00
Georgia (1851, ) 0 164 0.00 0 0.00 0 0.00
Florida (1855, 1886) 4 160 0.03 ] 0.00 0 0.00
Florida (1858, _) 0 157 0.00 ] 0.00 0 0.00
§ Alabama (1846, ) 0 169 0.00 0 0.00 0 0.00
: Mississippi (1848, ) 0 167 0.00 0 0.00 0 0.00
'3 Louisiana (1932, ) 0 83 0.00 ] 0.00 0 0.00
Texas (1852, 1918) 1 163 oo ] 0.00 0 0.00
Puerto Rico (1954, 1867) 10 148 0.07 3 0.02 2 0.01
Virgin Islands (1975, 1690) 9 325 0.03 3 0.0 2 0.0
g Washington (1855, 1891) 29 160 018 4 0.03 1 0.01
Oregon (1853, 1854) 30 162 0.9 5 0.03 2 0.01
g California (1853, 1812) 88 203 043 14 0.07 4 0.02
Guam (1948, 1849) 17 166 0.10 3 0.02 1 0.01
N. Mariana Is (1978, 1990) n 37 030 1 0.03 0 0.00
American Samoa (1922, 1837) 68 178 0.38 0.02 1 0.01
Alaska Arctic Coast (1993, _) 0 22 0.00 0.00 0 0.00
Alaska (1872, 1737) 100 278 0.36 22 0.08 16 0.06
Hawaii (1872, 1812) 134 203 0.66 30 0.15 19 0.09



Presenter
Presentation Notes
Considering the average of all tsunami runups greater than 1.0m divided by the interval as described above, all U.S. Atlantic and Gulf Coast states have a zero value—there are no tsunami runups greater than 1.0m recorded there. Not surprisingly, California, Alaska, and Hawaii have higher averages for both all events greater than 1.0m and for those runups greater than 3.0m. We use the 0.02 average frequency of tsunami runups greater than 3.0m as a convenient definition of very high hazard based on frequency. In very rough terms, this means that a state with this frequency will deal with tsunami runups in excess of 3.0m every 50 years. 
The Total events per year in the Virgin Islands is less than all other subduction zone states because of the long observation period beginning in 1690.


Qua

itative Tsunami Hazard Assessment based on the
Historical Record

Table 2-6. Qualitative tsunami hazard assessment
based on runup height.
Hazard Based on
Runup Helght foiale
Pennsylvania, Delaware, Virginia, North
Very L Carolina, Georgia, Florida (Gulf coast),
ery Low Alabama, Mississippi, Louisiana, Alaska
Arctic coast
Maine, New Hampshire, Massachusetts,
L ow1 Rhode Island, Connecticut, New York, New
Jersey, Maryland, South Carolina, Florida
(Atlantic coast), Texas
Moderate Morthern Mariana Islands
Hiah Puerto Rico, Virgin Islands, Washington,
g Oregon, Guam
Very High California, American Samoa, Alaska,
yHig Hawaii

Table 2-7. Qualitative tsunami hazard assessment
based on runup frequency.

Hazard Based on
Runup Frequency State/Territory
Pennsylvania, Delaware, Virginia, North
Carolina, Georgia, Florida (Gulf coast),
Very Low

Alabama, Mississippi, Louisiana, Alaska
Arctic coast

Maine, New Hampshire, Massachusetts,
Rhode Island, Connecticut, New York, New
Jersey, Maryland, South Caralina, Florida
(Atlantic coast), Texas

Moderate

Morthern Mariana Islands

High

Puerto Rico, Virgin Islands, Washington,
Oregon, Guam, American Samoa

Very High

(alifornia, Alaska, Hawaii

) T la

Hazard Based on
Historical Record e
Pennsylvania, Delaware, Virginia, North
Very L Carolina, Georgia, Florida (Gulf coast),
eryLow Alabama, Mississippi, Louisiana, Alaska
Arctic coast
- Maine, New Hampshire, Massachusetts,
Low Rhode Island, Connecticut, New York,
New Jersey, Maryland, South Carolina,
Florida (Atlantic coast), Texas
Moderate none
Puerto Rico, Virgin Islands, Washington,
High Oregon, Guam, Northern Mariana Islands,
American Samoa
Very High California, Alaska, Hawaii



Presenter
Presentation Notes
Our final hazard levels based on the historical tsunami database are listed in Table 2-8. All of the states and territories were assigned the same hazard levels as listed in Tables 2-6 and 2-7, except American Samoa and the Northern Mariana Islands. The change from Moderate to High for the Northern Mariana Islands based on the tectonic setting was discussed in Section 2.6.3. American Samoa was listed as Very High based on Runup Height (Table 2-6) and High based on Runup Frequency (Table 2-7). Since the majority (46) of the tsunami runup events were in the 0.01–0.3 m category and there was only one runup event in the >3.0 m category; American Samoa is listed as High in Table 2-8. 
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USGS National Seismic Hazard Maps (NSHM

Earthquake databases can be used to extend the historical tsunami record backward in
time. No change in tsunamigenic earthquakes in NSHM since 2008 report.

Highest hazard

%WU§G§ National Seismic Hazard Map
i (Petersen, et al., 2014) -

Lowest hazard

Subduction zones, 2008 report

Non-

subducfion Subducfion Maximum

carthquake zone event magnitude

withmag >  with mag observed or

6.5in 500 =msubduct estimated

years within in 500 years for

50 kmof  within 150 nearshore or
StateTemitory coast km of coast offshore Comment
Puerto Rico and the Virgin Islands, msubduct= 75
P uerto Rico 100% ~100% 7.5 1518 Mona Passage, severe tsunami*™
irgin Islands 100% ~100% 7.5 1867 Vingin Islands, severe tsunami
Pacific Coast--Cascadia, msubduct= 8.1
i ashington 30% to 90% ~100% G+ 1700 Cascadia, severs tsunami
O regon 10% to 100%  ~100% G+ 1700 Cascadia, severs tsunami
[Califomia 100% ~100% G+ 1700 Cascadia, severs tsunami
Pacific Coast-Alaska, msubduct=7.5
Ilaska 100%* ~100% 8.2 15964 Alaska, severs tsunami
Pacific, t= 7.8
[Guam Ni& ~100% 7.8 15953 Guam, non-destructive tsunami
orthem Mariana M ~100% 7.8 1993 Guam, non-destructive tsunami

=merican Samoa Mis ~100% 8.5 1517 Northern Tonga trench, moderate tsunamij

Non-Subduction zones, 2008 report

Historical maximum
magnitude observed

Earthquake with Mag  Earthquake with Mag
> 6.5in 500 years > 6.5 in 5000 years

State/Territory  within 50 km of coast  within 50 km of coast nearshore or offshore Comment
U.S. Atlantic Coast

Maine «3% «30% <6

New Hampshire <3% <30% <6

Massachusetls =3% =25% <5

Rhode Island 2% <15% <6

Connecticut =2% =30% <5

MNew York =4% =30% <5

New Jersey <d4% <30% <6

Pennsylvania <3% <15% <6

Delaware «3% <15% <6

Maryland “2% <15% <6

Virginia <1% <4% <6

MNorth Carolina =110 5% =5% <5

South Caralina <35% 100% T3 1886 Charleston

non-destructive
tsunami

Georgia <1% =10% <6

Florida <1% <3% <6

U.S. Gulf Coast

Florida <1% “3% <6

Alabama =1% =4% <6

Mississippi <1% <5% <5

Louisiana =1% =5% <6

Texas =1% =4% <6

Hawaii, S. California, and Arctic Coast of Alaska, 2008 report

4laska calculation for mag=6.5 includes subduction interface events

Mag>65in Mag> 7.5 in Maximum magnitude
500 years 500 years aobzerved or estimated
within 50 km within 50 km for nearshore or

Statelarea of coast ofcoast s offshore. Comment
Hawaii and Southem California
Hawvaii ~100% ~100% 78 1858 Ka'u district, severe tsunami
Southern California ~100% ~100% Al 15927 Lompoc, moderate tsunami
Arctic Coast—Alaska
Alaska =1% /A =3 Arctic coast rated no tsunami sk by Alaska

*Events as large as mﬁlgn'rtu:le -3 are estimated in the Puerto Rico trench



Presenter
Presentation Notes
The USGS conducts research on earthquake hazards facing all U.S. States and territories. These hazard assessments rely on a combination of historical and modern earthquakes, geological information, and plate tectonic theories and models. (See Frankel et al., 1996, 2002). These inputs allow the earthquake hazard to be determined probabilistically. The USGS earthquake hazard maps specify the probability that ground shaking will exceed some level over a given number of years. The results of USGS (NSHM) earthquake database searches are reported for possible earthquake sources near U.S. coastlines to extend the NOAA/NGDC tsunami databases. The USGS hazard calculations generally do not take into account either earthquake sources more about 100 km offshore, or far-field earthquake sources. Ultimately, these sources will need to be considered in another matter, particularly for the Atlantic basin. Figure 3-1 shows the probabilistic earthquake hazard for the eastern half of the United States for a 500-year window. The map shows that ground accelerations with a 10% probability of exceedance in 50 years vary considerably along the coast. Although ground shaking may occasionally be felt along the Gulf and U.S. Atlantic coasts, moderate to strong shaking is expected primarily near Charleston, South Carolina. 

In subduction zones offshore U.S. States and territories, including the Caribbean, Cascadia, Alaska, American Samoa, and Guam/Northern Mariana, the rate of the largest magnitude earthquakes estimated in USGS hazard assessments is essentially the same as the generation of local tsunamis. The maximum magnitude and the recurrence time of subduction zone earthquakes differs from area to area, but the relation to tsunami generation remains more or less the same. In some subduction zones such as Cascadia, the great events that occur on the fault interface between the subducting and overriding plates gives rise to the slip on the ocean floor that generates severe tsunamis. In others, such as the Caribbean, faults within the overriding plate (upper plate) generate severe local tsunamis. 

Lacking a tectonic plate boundary, the near-shore U.S. Atlantic and Gulf coasts are considered to be intraplate. This tectonic setting results in reduced expected earthquake maximum magnitudes (compared to the subduction zones in the Pacific) and greatly increased recurrence times. 
The USGS uses a maximum magnitude earthquake of 7.5 for all Gulf and Atlantic coastal areas (Frankel et al., 1996, 2002). Unlike the Pacific or the Caribbean where earthquakes rupture to the seafloor causing large vertical displacements, primary surface faulting and vertical displacement have a very low probability of occurrence along the Gulf and Atlantic coasts.
The Geological Survey of Canada has very qualitatively estimated that an earthquake in the magnitude range of 6.5 to 7.0 is the minimum required to initiate a significant underwater landslide in offshore Atlantic conditions (John Adams, Geological Survey of Canada, personal communication, 2006). 

For the 2015 report the earthquake searches were not re-run since there was no change in tsunamigenic earthquakes in the USGS NSHM since the 2008 report,.
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Qualitative Tsunami Hazard Assessment based on
USGS NSHM databases

Table 2-9. Qualitative tsunami hazard assessment
based on USGS NSHM databases. [Table 3-4 in first
assessment (Dunbar and Weaver, 2008).]
Probabillity that an Earthquake
Generates a Local Tsunami
Reglon In 500 Years by Seafloor
Displacement
U.5. Atlantic Coast Very Low to Low
U.S. Guif Coast Very Low
Puerto Rico and the Virgin :
Islands R
U.S. West Coast High
Alaska High
Hawaii High
U.S. Pacific Island Territories High
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Presentation Notes
Table 3-4 summarizes the qualitative tsunami hazard assessment based on the USGS NSHM databases from the 2008 report.
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Qualitative Tsunami Hazard Assessment based on NCEI and
USGS NSHM database searches

Hazard Based on .
Historical Record el
Pennsylvania, Delaware, Virginia, North Hazard based on Number of
very Lo ol Ceorin s Cuf el _ Regon | _HistorcalRecordand | Reported
Arctic coast Earthquake Probabillities Deaths
Maine, New Hampshire, Massachusetts, ‘ U.S. Atlantic Coast Very Low to Low None ‘
Low Rhode Island, Connecticut, New York,
New Jersey, Maryland, South Carolina,
Florida (Atlantic coast), Texas \ U.S. Gulf Coast Very Low None \
o none Puerto Rico and the i
s igh 164
T - Virgin Islands
Puerto Rico, Virgin Islands, Washington,
High Oregon, Guam, Northern Mariana Islands, ‘ .
T L U.S. West Coast High to Very High 25
Very High California, Alaska, Hawaii Guam and N. Mari- Hiah 1
ana Islands 9
Probabllity that an Earthquake American Samoa High 34
Reglon Generates a Local Tsunaml ‘ - ‘
In 500 Years by Seafloor
Displacement | Alaska Arctic Coast Very Low None |
‘ U.S. Atlantic Coast Very Low to Low ‘
Alaska High to Very High 222
|US. Gulf Coast Very Low || = | - e ‘
Puerto Rico and the Virgin . Hawaii Hiah to Very Hiah 203
Islands High Hawa ig y Hig 03 |
‘ U.S. West Coast High ‘ * Does not Include any deaths caused by the 1700 Cascadia
tsunami on the U.S. West Coast.
|Alaska High |
Hawaii High |
‘U.S. Pacific Island Territories ‘
1
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Presentation Notes
The final step in our updated assessment is to combine the individual states and territories into regions. Using the hazard levels assigned to each state or territory, we simply group the relevant states and territories into the regions in Table 2-10 and show the hazard level based on Tables 2-8 and 2-9. In addition to the splitting of the U.S. Pacific Island Territories used in the 2008 assessment into American Samoa and Guam and the Northern Mariana Islands, there are two changes in the regional assessment. The first is the three island territories of Guam, the Northern Mariana Islands, and American Samoa, are all now assessed at the High hazard level based on the tsunami runups and their location in subduction zones. The second change is the U.S. West Coast, where based on both runups and the frequency of large runups California’s hazard level has been raised to Very High leading to a change in the U.S. West Coast level from High to High to Very High (Table 2-10). The Alaska Arctic coast has also been added to Table 2-10. The number of deaths reported in the NCEI database is corroborative evidence supporting our qualitative tsunami hazard assessments.
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Comparison of 2008 and 2015 Tsunami Hazard Assessments

 U.S. Pacific Is region dropped

 American Samoa, Guam and N.
Mariana Is: raised to High —
history and tectonics

 U.S. West coast: raised to High
to Very High based on California
runup height and frequency
peson g | e | e,

territories

2008 Assessment

2015 Assessment

Hazard based on Number of
Reglon Historical Record and Reported

Earthquake Probabilities Deaths
LL.5. Atlantic Coast Very Low to Low MNone
LS. Gulf Coast Very Low MNone
Puerto Rico and the :
Virgin Islands High 164
1.5. West Coast High to Very High 25*
Guam and N. Mari- :
ana Islands High 1
American Samoa High 34
Alaska Arctic Coast Very Low MNone
Alaska High toVery High 222
Hawaii High toVery High 203

* Does not Include any deaths caused by the 1700 Cascadia
tsunami on the U.S. West Coast.
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Presentation Notes
The national assessment in this report is essentially the same as that in 2008 except for two changes in hazard levels. The first is the increase to High hazard from Moderate for American Samoa, Guam, and the Northern Mariana Islands. This reflects both the devastating 2009 tsunami and better accounting for the tectonic setting within a major subduction zone. The location of all U.S. Pacific Islands in subduction zones warrants a High hazard assessment irrespective of the available (or known) runup data. In this report we examine the frequency and distribution of runup heights in each state. This resulted in the second change, raising the hazard level for the U.S. West Coast from High to High to Very High. 
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Research — Atlantic coast

 Ten Brink et al. (2014) reviewed the research on tsunamis sources
In the Atlantic Basin

— “Landslide tsunamis likely constitute the biggest tsunami hazard to the
coast”

— Both deterministic and probabilistic methods tsunami hazard
assessments have been developed - but their implementation
requires better data than currently is available

e Ten Brink et al. (2009) reviewed the research on tsunami sources
along the Gulf Coast
— “Likelihood of a major tsunami was very small”

— The source for potential Gulf Coast tsunamis is underwater landslides,
but the current record suggests that the large landslides were probably
active prior to 7000 years ago
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Research — Atlantic & Pacific

e Canadian National Tsunami Hazard Assessment
(Leonard, et al., 2012)
— Two maps identify cumulative probabilities of exceedance (in 50

years) of potentially damaging runup (1.5 m and 3 m) on the
Pacific and Atlantic coasts from multiple tsunami sources

— Binned into four groups: <2%, 2-10%, 10-40%, 40-70%
* Very Low, Low, Moderate, High to Very High

— Region next to U.S. northwest coast are in the 10-40% (3m) bin
e Correspond to U.S West Coast assessment of High to Very High

— Region next to U.S. northeast coast are in the 2-10% (1.5m) bin
e Correspond to U.S. Atlantic Coast assessment of Very Low to Low


Presenter
Presentation Notes
In 2012, the Canadian Geological Survey released their national tsunami hazard assessment (Leonard, et al., 2012). For the Canadian Pacific Coast, they considered the effects of local and distant earthquakes  and submarine landslides from Hawaii and the Aleutians. There was not enough data to include local and continental slope landslides, therefore they were not considered in the Pacific Coast tsunami hazard assessment. For the Canadian Atlantic Coast, they considered local and distant earthquakes, continental slope landslides, and landslides from the Canary Islands.
 
The assessment resulted in two maps that identify the cumulative probabilities of exceedance (in 50 years) of potentially damaging runup (1.5 m and 3.0 m) on the Canadian Pacific and Atlantic Coasts from multiple tsunami sources. The percentages are binned into four ranges: <2%, 2-10%, 10-40% and 40-70%. The regions that are next to the U.S. Pacific Northwest Coast are in the 10-40% bin. If these bins were labeled as very low to low, moderate, high, and very high, the 10-40% bin would be similar to the high tsunami hazard assigned to the U.S. West Coast in Section 2. The regions that are next to the U.S. Northeast Coast are in the 2-10% bin. This would be a little higher than the very low to low assigned to the U.S. Atlantic Coast.
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USGS Natlonal Seismic Hazard Maps

Southern portion of the Cascadia subduction zone has a more frequent
repeat of large magnitude earthquakes

— Evidence - turbidite flows recorded off the Pacific NW coast
— USGS Workshop for the 2014 National Seismic Hazard Maps

« full weight be given to the larger partial ruptures of southern
Cascadia in hazard calculations

« Scientific consensus: average recurrence time for full-rupture Cascadia
events Is well-constrained at between 500 to 550 years and this rate
continues to support our current assessment of High to Very High

— Periodically re-examine this
assessment as the turbidite studies
and efforts to correlate these findings
with onshore evidence are published

Lori Dengler and her students examine a sediment
core taken from Humboldt Bay, California. (Photo
credit: Kellie Jo Brown, Humboldt Bay University.)

NTHMP Annual Meeting Feb 3, 2016
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Presentation Notes
Frankel (2011) Summary of Nov 2010 Meeting to Evaluate Turbidite Data for Constraining the Recurrence Parameters of Great Cascadia Earthquakes for the Update of National Seismic Hazard Maps, USGS OF 2011–1310
“Participants were comfortable with the 500-600 yr average recurrence time for long ruptures of the entire CSZ accomplished either by M9 or serial M8 earthquakes. “
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Discussion

* Probabilistic Tsunami Hazard Analysis

I Inundation from
| URS and UW for
+| 100yr and 500yr
ARP

I 100yr
| uw
100yr

i

! URS

b 500yr
uw

500yr

RERAN Y
Comparison of preliminary tsunami inundation maps for
Crescent City, California, developed from the URS Corporation
and University of Washington Probabilistic Tsunami Hazard
Analysis methodologies for 100-year and 500-year average
return periods (modified from California Probabilistic Tsunami
Hazard Analysis Work Group, 2015).

Exposure
and
vulnerability
assessments

Study area map of
Ocean Shores,
Washington, including
modeled pedestrian
travel times to safety,
vertical-evacuation
sites proposed during
Project Safe Haven
meetings, and regional
map. (from Wood, et
al., 2014a).

Travel time

to safety (minutes)
B o
[]1-24
[ 25-49
[ 50-74
B 75-99
I 100- 124
I 125 - 149
Il 150- 174
I 175-199
I > 200

TVE types
Berm
Building
Tower
Tower/berm
[#] TVE option

NTHMP Annual Meeting Feb 3, 2016
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Presentation Notes
Depending on the built environment and the nature of the hazard moving to a probabilistic tsunami hazard assessment would be beneficial for those coasts assessed with High and Very High hazard. For example, areas such as Southern California may benefit more from probabilistic studies than smaller communities along remote coasts which typically have little infrastructure in expected inundation areas, and where mitigation options are often more straightforward. The California Probabilistic Tsunami Hazard Analysis Work Group (2015) provides a summary of probabilistic assessments of those U.S. coasts and the approaches used (Figure 4-1). The final step in understanding tsunami risk and developing strategies to mitigate those risks is an exposure and vulnerability assessment (Figure 4-2). These studies are complete for selected areas along the West Coast (Wood 2007; Wood et al., 2007; Wood et al., 2010; Wood et al., 2013a; Wood et al., 2013b; Wood et al., 2014a; Wood et al., 2014b; Wood and Schmidtlein, 2012; Wood and Schmidtlein, 2013; Wood and Soulard, 2008). 
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Conclusion and Future

e No change in the assessment except American Samoa, Guam,
N. Mariana Islands, and U.S. West Coast

2010 Chile and 2011 Japan tsunamis confirmed levels in 18t
assessment

 Document Reviewed by: NOAA: C. Rabenold, M. Eble, K.
Stroker: USGS: T. Brocher, R. Witter

 NCEI Asheville, NC is printing
e Re-evaluate In the future based on research results

Cascadia recurrence intervals

East coast landslide assessment

Meteotsunamis

Document should continue to be a qualitative tsunami hazard assessment

Specific areas - Probabilistic tsunami hazard assessments
» Vulnerability, Risk, Evacuation maps



Thank you

Paula Dunbar
paula.dunbar@noaa.gov

Cover credits: Front and Back: FEMA/Casey Deshong—September 29, 2009,
Samoa tsunami debris in Leone, American Samoa.
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