The 2010 Chilean Tsunami on the California Coastline

1 California Geological Survey (*correspondence: rick.wilson@conservation.ca.gov; PG 5878)
o *D; . 1 . 2 3 A . . 4 2 Humboldt State University
% by *Rick |. Wilson+, Lori A. Denglers, Mark R. Legg~, Kate Long*, and Kevin M. Miller By ————
Legg Geophysical, Inc.~” : :
o o oA Cal EMA 4 California Emergency Management Agency
ANNIVERSARY For more information on this work, visit www.tsunami.ca.qov
earthquake origin time, the West Coast Alaska Tsunami Warning Center magnitude 8.8 earthquake struck the Maule region of central Chile. nitial Proi d Maxi Amblitude Granh (NOAA) ke cm
aced th e Californi : T AV The Advi nitial Projected Maximum Amplitude Graph ( ) e 49
placed the entire California coast in a fsunami Advisory. The Advisory The earthquake was generated along the plate boundary where the g 100 | | | | | _ _ _
forecast tsunami amphtudes ranging from approximately 0.3 to 1.4 meters Nazca Plate is being subducted under the South American Plate, 60 N o 90 - Figure 3 « Avoid outside sources for alert information or actions Figure 10: Bogrtjzblilgl:gol(r)ose in Santa
and strong currents in bays and harbors. Hourly conference calls were approximately 300 km north of the magnitude (M,) 9.5 1960 38 . Some areas reported hearing alert level changed to “Warning” 1 ‘
held with the county operational areas and most counties cleared beaches earthquake (Figure 1). Preliminary reports indicate that damage from 40 o _ 4T

.. . . . _ = e o _ 60 Areas.covered py state |nundat|on when it had not Sl N
and limited access to harbor areas. The highest amplitudes were predicted the earthquake was significant to older buildings and buildings with 50 modeling/mapping (tsunami.ca.qov) | :
for San Luis Obispo County and areas south. The tsunami initially arrived limited reinforcement. A large tsunami was generated locally, 40 L ocations in Table 1 with mo « Others called off response too early because they thought it safe

: . H . A 20 ,
at San Diego at 12:02pm on February 27, and moved progressively up the causing severe damage to coastal towns and port facilities. | 30 40 damage
coast over the next hour and a half. Peak amplitudes at tide gauge L | fg ocations in Table 1 with « Don’t underestimate power of “small” tsunamis (Figure 10)
locations in the state ranges from 0.12 meters to a high of 0.91 meters at Approximately 9,000 km (5,600 mi) to the north, California’s 1,100- o NN B damage/infrastructure disruption + Harbors caught off guard by strong currents P s
Santa Barbara. At most locations, the strongest surges were recorded mile coastline has 20 counties and over 80 cities that are vulnerable | .5 S . Beach activity not as noticeable because of low fide
within the first two hours but for some locations, like Crescent City and to tsunamis. The California Emergency Management Agency . e y
Santa Barbara, the largest surge occurred >-6 hours aiter the initial (CalEMA) and its partner science organization, the California i | = For Advisories, keep boats at docks in harbors before arrival Figure 11 Very generalized
onset. At many locations, the tsunami activity lasted for more than a day, Geological Survey (CGS), work closely with the National Oceanic _ nformation flow diadram to hel
nd in some ar bated ambient floodina from e storm . ) T - 38 * Yes...Small boats docked in areas protected from strong currents on g 0 help
a . .| some aeaS exacerpate a e . OO I g O severe Sio and Atmospherlc Admlnlstratlon (NOAA) West Coast and Alaska |40 3 reduce misinformation durlng event
activity. Harbors in southern and central California were impacted the most Tsunami Warning Center (WCATWC) and regional emergency [ = No...Large boats can cause drag on and damage docks —
moderate damage occurring in several areas. Damage estimates for the activities of the WCATWC, CalEMA, CGS, and other geoscientists o0 = o = Don’t take boats out of harbor during tsunami WCATWC
witness accounts) and recorded (instrumented) tsunami current velocities managers determine the best course of action to protect the public 80 o
: : i At : : : : : . : » Swamped boat at mouth of Mission Bay
could provide an important validation and/or calibration tool for numerical and property against the teletsunami from Chile (Figure 2). 100 36
tsunami modeling methods and databases of existing model runs. Figure 2 , Fed/State EMs ~ NWS-WCMs
(from http://wcatwc.arh.noaa.gov/previous.events/Chile_02-27-10/Tsunami-02-27-10.htm) * Don’t try to reenter harbors too soon
: : ) . » Strong currents make navigation difficult many locations i i
NOAA’s West Coast and Alaska Tsunami Warning Center (WCATWC) Tsunami Alert Criteria J J 4 i i
Maximum Teonami Amplitudes | First Arrival Times | Estimated Sar&t)a B\a;rb?ra = Boat owners must understand length of tsunami activity i i
California is located within the WCATWC Area-of-Responsibility, and has four regional National Weather o ecauag | Observed [Estimated |, | Observe | MEKMUm eoorted Damage or Other Effects from Teumam ©Yentira | ; ;

. . . . . . . . . py . ” Tide Gauges| By Others Tide Gauges - I [
Service offices with Warning Coordinating Meteorologists (WCMs) to assist with “tsunami alerts.” To help meters) \meters) | (mecers) | PO [ pom) | Speecs (NDR =no damae reported) 34 LOOS SROGIES What Needs Work . County EMs
clarify the tsunami alert messaging, new criteria were recently developed for alerting this region about a Crescent City 061 | 064 1340 | 1346 NDR o joeal Beach _ _ _ | |
potential tsunami or tsunami hazards (summarized from Whitmore and others, 2008): e = T = eabars Oceanside " Clarify what a “Tsunami Advisory” means i i

Point Reyes 0.46 1259 | 1259 NDR Q AN » Improve guidance, communication, and outreach v v
i Inf - - d inf d d d th blic th Alameda 0.18 0.12 1344 1345 NDR \6%35'0” Bay
Tsunami Information Statement - issue to_ln orm and up ate emergency managers an the pu ic that S— 022 T o3 1320 T 1326 R AT = Update local emergency response plans Cities- Parks/Beaches - Harbors - Media
an earthquake has occurred, or that a tsunami warning, watch or advisory has been issued elsewhere in the Half Moon Bay 0.96 0.6 NDR Tribal = Coast Guard/Military - Private
Santa Cruz 0.51 0.9 8-10 minor damage to boats and marine infrastructure - i I tl Vv I between NWS Warnin Centers y
ocean - e 03 TETERETYT R 3 Consistent alert levels g
' onterey . .
Morro Bay_ 07 0E 46 | NOR -?25 -123 -121 -119 -117 -115 = Consistent response by local jurisdictions
. . . . . Port San Luis 0.84 0.8 NDR
Tsunami Watch - issued to alert emergency managers and the public of an event which may later impact P——— 143 0913 DR L onaitude®E Figure 12: Patrols limited access
the watch area; may be upgraded to a warning or advisory - or canceled - based on updated T \NE santa Barbara 075 | 091 — 1230 | 1231 182-1;)5 minor damage o dredging equipment = Prevent miscommunication about alert status to beaches
. . . L - > 3 entura .6-0. - over 20 docks damaged; buoys move
mformatlon/anaIySls. OFFS.:;HE MAUL?‘CWLE 50 iant: Mt:)ni(;i _ 1.18 0.64 — 1225 1225 NDR d t __ = Clearly document correct line-of-communication (Figure 11)
. WO Rarpors/Catalina .0-U. minor damage 1o several docks
. . . . . . 2CIDNE FOS-SE:AS UTSS5.395 I2.20W Dopth: S5ism, Magiiuds: 8.9 | 0. 0.42 121 121 4-6 minor damage to docks and marine infrastructure . Figure 5: Santa Barbara Harbor Marigram — 2/27/10 - ; ; ; ;
Tsunami Advisory - issued due to the threat of a potential tsunami which may produce strong currents or Earthquake Location e = : - e Y P \T/\";‘ng%N CDatad ffr_oulrz e s Recommend counties establish formal response to Advisories
waves dangerous to those in or near the water (typically tsunami forecast amplitudes 30 cm to 1 m). Dana Point 0.5-0.7 10-12 | bait barge severed _ . SUrvevs /ot?:ervlcjtionS' - . = Continue to educate alert status definitions
Figure 1 Chilean earthquake epicenter E)acje;:\:lde . o 0.4 o . 5-8 :\Iel;/:ral buoys carried out to sea; boat trailer swamped u y ) E'bs':.'"éd:?e - - . . .
_ _ _ _ o L _ _ A _ Jo : : : : _ see Figure 3 for it Aot = Highlight and streamline updated information on alert statements
Tsunami Warning - issued when a potential tsunami with significant widespread inundation is imminent or (altered from Mission Bay M |oCati —
; . . http://earthquake.usgs.gov/earthquakes/recenteqsw San Diego 0.27 0.40 0.6 1204 1208 12-15 damage to docks, concrete piers, and boats ocations. = Bett . t th h ff Id b CGS
expected (typically tsunami forecast amplitudes over 1 m). w/Quakes/us2010tfan.phptdetails) etter communication through use of field observers (e.g. )

* Understanding length of Advisory and response “fatigue”

Figure 13: Field measurements

Tsunami Effects I1n California

Water Level Fluctuations incm
~
-

#9 - 07:04 PDT - Mw 8.8 Advisory | (approximately $100K) e =k SRR 750 ™ The authors would like to thank NOAA/NTHMP for supporting tsunami hazard mitigation and response activities in
- .—— 08:00 to 18:30 PDT — WCMs and CalEMA with support from R oy = ~

CGS provided local jurisdictions with updated information = Damage
from the WCATWC, and guidance on the tsunami effects that

«  Provided tsunami amplitudes for eight locations in California. Thank you to the county emergency response, state park, and harbor personnel who provided information.

California, ranging from 0.5m to 1.0m, all Advisory

= Docks, boats, harbor infrastructure, minor ﬂooding; several Lander, J., Lockridge, P.A., and Kozuch, J., 1993, Tsunamis affecting the west coast of the United States 1806-1992: NGDC Key to Geophysical

levels. . . :
: they can expect to see and actions that they should consider million dollars statewide (Figure 6 and 7) e R Research Documentation No. 29, USDOC/NOAA/NESDIS/NGDC, Boulder, CO, USA, 242 pp.
_ : - W igure 8: Morro Bay - 18: igure 9: Seal Beach - following

#15 - 13:05 PDT - Mw 8.8 Advisory —_ taking on clearing beaches and limiting access to harbors. « Harbors: Santa Cruz, Santa Barbara, Ventura, Los Angeles i 2/27/10 morning (2/28/10) Whitmore, P.M., Benz, H., Bolton, M., Crawford , G., Dengler, L., Fryer, G., Goltz, J., Hanson, R., Kryzanowski, K., Malone, S., Oppenheimer, D.,

-« First report of measured amplitude and arrival time. 13:00 to 18:30 PDT — CGS phone calls with CalEMA providing Two Harbors/CataIinél Dana Point I\/’Iissi on B éy and San ’ } BT ] - ?selj?arlfwl FTzfz%erEISs c;; alng 1\/V|Ison, J., 2008, NOAA/West Coast and Alaska Tsunami Warning Center Pacific Ocean Response Criteria, Science of

_ field observations of tsunami in San Luis Obispo County. Diego with flooding in Seal Beach following day (Figure 8) : :

' _ Reported low tides helping minimize effects/hazards on Wilson, R.l., Barberopoulou, A., Miller, K.M., Goltz, J.D., and Synolakis, C.E., 2008, New maximum tsunami inundation maps for use by local
#16 - 13147 PDT - Mw 8.8 Advisory beaches. Strong currents in Morro Bay still active into the » Extended tsunami activity (OVGI’ 24 hrs) emergency planners in the State of California, USA: EOS Trans. American Geophysical Union 89(53), Fall Meeting Supplement, Abstract OS43D-

« First report of damage (Ventura Harbor). evening. 1343.

= Strong surges continued into evening, observed in Mission
Bay and Morro Bay (Figure 8)

. — « Improve education about length of event being taken (Santa Ana River).
February 26-27, 2010 - Tsunami Alert Messages for . . . Inf on about the eff £ th - 1able f Peak tsunami amplitude occurs . : ( )
Californiaf he NOAA/NWS WCATWG Supplemental information from Federal and State Agencies nformation about the effects of the tsunami was available from 5 hrs after first arrival « Expand training to backup emergency managers (EMs)
[T] alifornia from the eyewitness accounts, questionnaires, on-line articles and videos, sof ; | nifCCGS i regional EM
< | | and field measurements by several of the co-authors. Table 1 o1 8Bl T ,’ NS SEsssnEsnasE ins ncrease scientific support to state and regional =Ms
M 22:34 PDT (Feb. 26) — Earthquake occurs in south-central shows WCATWC tsunami forecast amplitude and arrival time : AR ‘(’ A e 1 LA i mor ¢ for maritime communit
coastal region of Chile < 22:43PDT (Feb. 26) - USGS: Preliminary Mw 8.5 . estimates, measured data from tide gauges, and observations from Y ' /USSR || ISR ) proveé support tor maritime community
Z #1 - 22:49 PDT (Feb. 26) — Mw 8.5 Information Statement various sources (this data is still being collected and therefore " | * Encourage inclusion of port and harbor EMs in county
—I Earthquake occurred in Chile that may 23:11 PDT (Feb. 26) - CGS contact with CalEMA Duty Officer should be ConSIdertid atrl?\artlal da:aéggg-s-rhe eﬁteCtS fro.n; this event g e e e w w w wr w e | workshops, work groups, and State Steering Committee
. i i i i i - were more severe than tne recen amoa tsunami 1or
produce tsunami discuss 1) approximate travel time to California (13-14 hours), < e _ . Provide better quidance about actions during events

Py 2) arrival at low tide increasing strong currents in California (Wilson and others, 2009). J J

harbors/bays, and 3) that event could end up as Advisory. Figure 6: Strong currents and damage in Shelter Island, San Diego _ _
[T1 Previous earthquakes in south-central Chile range from two | = Large tidal fluctuations (initially at low tide) | | Implementing New Strategies
U) Mw 8.2s in 1906 and 1943 that created small amplitude _ N — L ——— _ ’
_U tsunamis in California (0.0Zm to 0.1m), an-d the massive MW - :\r/llalg(ilsnr]nuomdzrrgvégozv;/irgr(aprenigi::oir:rgggmhe) Olgieers\/((elgi OSrge:)ICheS Geoscientists at the federal, state, and local level implemented several new response strategies during this event:

9.5 earthquake of 1960 which caused widespread tsunami ’ P J 1. The WC/ATWC increased the number of forecasted tsunami arrival time and maximum amplitude values provided to the state from
O damage in California (Figure 1; Lander and others, 1993). = Peak amplitude on West Coast 0.91m measured in Santa five to 30. With more information to use, local jurisdictions were better able to determine the appropriate response activities.
Z \ Barbara Harbor (Figure 5); note peak occurs 5 hrs after first 2. Because of the 13-1/2 hour time window between the tsunamis generation and its daytime arrival in California, more scientists

#2 — 23:52 PDT (Feb. 26) - Mw 8.6 Information Statement ~23:20 PDT (Feb. 26) — USGS downgrades earthquake to arrival deployed themselves to the coast prior to the tsunami’s arrival. Some observations helped confirm what the WC/ATWC noted on tide-
U ) Tsunami generated in Chile Mw 8.3 and then upgrades to Mw 8.6. St t gauge marigrams during the event: Advisory level tsunami amplitudes were active for up to 8 hours after the first wave arrival.
= Strong currents
rrl T ~00:00 PDT (Feb. 27) — USGS upgrades earthquake Mw 8.8. . Validated by the field experiences of geoscientists during the two recent Advisories in California from the Samoa and Chile tsunamis, the
_ » Strongest at harbor entrances and within narrow channels , , ) . g . . .
—l #3 — 00:57 PDT (Feb. 27) - Mw 8.8 Information Statement | o _ E _ o T NTHMP is funding the state’s development of pre- and post-tsunami field teams and a centralized information
— ; | " UF_) to 15 knots in several southern California harbors : WS 'f”_7.' amage 0 dOCkS ak Ventura Harbor o o clearinghouse for future Tsunami Advisories and Warnings. The plan includes enlisting the help of 30 to 40 field geoscientists that can
z #5—02:55 PDT - Mw 8.8 Advisory | | ed +h additional (Figure 6) ey | be deployed to collect information about the tsunami similar to those deployed during this event. The field teams will be developed during
rrl - e Provided first tsunami arrival times to the minute for 5 03j0f0 to 2(_)'00 PDT — WCdATV\éC DIOV ed State V_V't a I't!ona = Significant erosion/scour 2010-11 and the plan will be ready for operation if needed by 2011. To help initiate its development, the tsunami clearinghouse organizers
four locations along California coast ranging from n ormathn on expected and measured tsunami arrival imes 9 will collaborate with the existing earthquake clearinghouse established in California.

r 12:02 to 13:46 and amplitudes. » Moderate along beaches and river mouths
| . . . . ’ : . 3 :_'._n". : \ -
Z « Suggested strong current hazards for extended time. = Ventura Harbor reported dredging savings from scour | . - K T Ty ,' sﬁ\‘;ag 3 Acknowledgements and References

Wilson, R.l., Dengler, L.A., Goltz, J.D., Legg, M., Miller, T.M., Parrish, J.G., and Whitmore, P., 2009, Role of state tsunami geoscientists during
emergency response activities: Example from the State of California (USA) during the September 29, 2009, Samoa Tsunami Event: EOS Trans.
American Geophysical Union, Fall Meeting, Abstract U21E-2184.

#22 - 20:03 PDT — Tsunami Advisory Cancellation

» Following morning, storm surge plus tsunami activity
produced flooding at Seal Beach (Figure 9)




