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Milestones in Understanding Tsunami Hazards 
in California from the “academic” point of view.

1970s - Houston and Garcia assessment of tsunamis from Alaska and Chile - estimates 
every 5 miles of coastline at 500m offshore depth.
1992 - McCarthy, Legg & Bernard assessment of risk in the aftermath of the Cape 
Mendocino event.
1995 - First simulation  of local tsunami in Southern California - presentation to SSC 
in 1996. SSC->FEMA->USC&LLNL&SLC local offshore faults.
1997 - Synolakis, Titov & McCarthy re-assessment of Houston & Garcia estimates - 
factor of 5 difference in inundation distances.
1998 Papua New Guinea tsunami focuces attention to offshore landslides. Funding 
from NOAA->OES->USC for first modern inundation maps. 
2001 McCarthy et al simulations in NATO ARW on California. Eisner et al in ITS. 
2002 Analysis of Skagway tsunami. 
2005 Refocusing of thinking on distant sources in the aftermath of Sumatra. 
2006 Damage to Crescent City underscores the impact of  “marginal” events.
2009 Completion of “most” MOST maps, dissemination under way. 



Exposure - not just the population on the  1200km coastline, but also 
California has 11 cargo seaports and 27 small craft harbors

with > 500,000 jobs statewide and  US$30 Billion -> to the California economy.
(Pacific Merchant Shipping Association)

TRC-California

California has been affected from  both farfield and nearfield tsunamis.

3 major ports and harbors including Los Angeles/Long Beach , San Diego harbor and San Francisco Bay



Santa Barbara Region

Los Angeles
Region

!e 2"1 OES/USC maps



Emphasis in the period 1998-2004 was on local sources.
All known offshore faults were considered. As an example, the 

CIT, ADF and SMF were considered potentially tsunamigenic in 
the Santa Barbara Channel.

CIT - Channel Islands Thrust
ADF - Anacapa-Dume Fault
SMF - Santa Monica Fault





Landslide sources -> another potential tsunami source:



Palos Verdes
debris avalanche

(believed to have occurred a 
few thousand years ago)

• 2km wide
• 4.6km long
• 60m thick
• volume .35 to .72 km3

• depth -100m to -800m





An animation of # PV slid$ 



Dam Break Flood:
   15,200 people 
1 Billion Dollars 
  (~5 times less than tsunami)

Tsunami Exposure:
     74,600 people
4.5 Billion Dollars 
      (4.5 x 1015 Turkish Lira!)

Palos Verdes Tsunami Inundation





Deterministic (worst case) scenario map 
for the Ports of LA/LB 

Borerro et al, Civil Engineering, 2005



Regional economic losses from landslide tsunami in POLA/LB.



Post the 2004 Indian Ocean tsunami, 
emphasis returned to far field events 





The USC Tsunami Research Center
www.usc.edu/dept/tsunamis

• Field surveys of current and past events - 22 total 
from 1992 Nicaragua to Solomon Islands and Chile 
2010

• Numerical and Analytical Modeling
• Hazard Assessment and Planning
• Public Education
• Research in tsunami hydrodynamics



Numerical modeling of tsunami 
propagation and inundation

We use MOST (Method of Splitting 
Tsunami)

A finite difference model based on the 
nonlinear shallow water equations - 
benchmarked with the NOAA/
Nuclear Regulatory Commission 
standards and guidelines for 
tsunami models.







  Examples of two inundation maps for Carpinteria and Venice



Damage in Crescent City
from 1964 Alaska
earthquake.
Pictures and diagrams from
Wallace Griffin (1984).

inundation



H G F E

D
C

B
A

!!!! "!!! !!!! #$!! !!!! ##!! !!!! #%!!

!#%$

!!!!

!&$!

!!!!

!'$!
()*+,*-.!(/.01!23)/4!5+46-7+1!%$$81!'#9:';!

<
!=!%>;9&#;!

<
!?

./@*AB)C!6D.*)!.B*!*6).BE36F*

G
6
.*
)!
+
3
)D
6
,
*
!*
4*
H
6
./
<
-
!A
,
@
C

!

!

./7*!)*,<)7

Dock H failed initially. 
Boats carried pieces of 
Dock H and crashed 
into Dock G and F.  

• The Crescent City marina was severely 
affected following the 15 Nov 2006 Kuril 
Islands event (Mw~8.3)

Crescent City
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The 15 Nov 2006 Central Kuril Tsunami   



         

The Nov. 15, 2006 Kuril Is. Tsunami -- forecast modeling
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Los Angeles Harbor

322 tsunami scenarios are computed at  the tide gauge in Los Angeles Harbor  from 
Mw 9.3 earthquakes  with 1000km x 100km and 30m slip on Pacific Rim Subduction 

zones (Alaska-Aleutians, Kuril Islands, Chile and Central America).
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Figure 2.32: Farfield earthquake tsunami responses at Orick, Shelter Cove and Mendocino.

94



Distribution of inundation grids across California
• 35 numerical grids used
• 20 counties covered
• 90 and 30 m resolution used
• 12 distant sources used
• 23 Local Sources
• 16 Local earthquake sources
• 7 landslide sources
• 130 maps produced (USGS 

quadrangle format)

Several grids have been developed for the various ports, harbors and locations of interest and earthquake scenarios. The numerical grids are 
derived from 3-second (90m) combined topographic/bathymetric data. In later slides we show results that demonstrate results of various 
simulations of scenario earthquake generated tsunamis.



Results archived in USC-FACTS Server

List of the 
cases

Map of the chosen area

Accessible 
archived 
information

Inundation Mapping



Example of archiving 
The 1964 Alaska Tsunami in the 

USC-FACTS server
Maximum wave height (cm)Maximum current speed (cm/s) Tsunami arrival time (hr)



NOAA Standards now adopted by the NRC and soon to be adopted internationally.

Tsunami modeling is not just one of your everyday holiday games.
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Crescent City−Wiegel (1970)
San Francisco−Ritter and Dupre (1972)
Crescent City−probability runs
San Francisco−probability runs
Crescent City−probability runs from AASZ
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The end result compared to Wiegel’s pioneering work



Soloviev and Go, 1969

i = log
(√

2Havg

)

n(i) = α · 10−βi,

log N = α− βM,

They introduced a probabilistic frequency tsunami distribution n
(i),

 where n gives the frequency of a tsunami with an intensity i,

Soloviev and Go (1969) were motivated by a  Gutenberg and 
Richter-type relationship, 

where M is an earthquake magnitude and N  the number of earthquakes of 
magnitude M.



Houston and Garcia, 1974 and Houston, 1980
They derived an exponential frequency
distribution,                             where !, " are
not necessarily the same as before.

Soloviev (1970) assumed b=0.31 for all
subduction zones and calculated intensity
as                             whereas, Houston (1980),
solution for ChSZ was
and AASZ was

# 

n(i) =!e$ ßi,

# 

n(i) =!10$0.31i;

# 

n(i) = 0.07410$0.63i

# 

n(i) = 0.113 %10$0.63i.



Acapulco, Mexico from Geist and Parsons (2005)

To get cumulative frequency-size distribution graphs, they
plotted tsunami runup height data as in figure above.  Runup
data from 1732 to 1950 depend on visual estimates and data
later than 1950 are from tide gauge records by assuming the
maximum crest-though height equal to runup.

Review of most recent probabilistic hazard studies.



Geist and Parsons (2005) plotted the cumulative frequency-
size distribution with respect to runup.  n(h) was obtained by
least square regression,

! 

nT (h) = 0.056(h"0.52 " 20"0.52).



Seaside Oregon Study cases
source return
number location Mw L(km) W (km) disp (m) period (yr)
1 AASZ 9.2 1000 100 17.7 1,313
2 AASZ 9.2 1100 100 18.1 750
3 AASZ 9.2 600 100 – 750
4 AASZ 9.2 1200 100 16.3 1,133
5 AASZ 9.2 1200 100 14.8 750
6 AASZ 8.2 300 100 2.1 875
7 AASZ 8.2 300 100 2.1 661
8 KSZ 8.2 300 100 2.1 661
9 KSZ 8.8 500 100 9.8 100
10 KSZ 8.8 600 100 9.8 100
11 KSZ 8.5 300 100 5.8 500
12 KSZ 8.5 300 100 5.8 500
13 KSZ 8.5 1000 100 5.8 500
14 SASZ 9.5 800 100 40.0 300
15–26 CSZ 9.1 N/A N/A N/A 300

Table 3.1: Earthquake scenarios used in the Gonzalez et al. (2006) study.

Gonzalez et al. (2006) had pilot study on updating the FEMA flood hazard map

on Seaside, Oregon. They studied the 26 worst case scenarios from the Table 3.1,

eleven of which are from near–field from the CSZ and fourteen of which are from

the far–field sources, eight from the AASZ, five from the KSZ and one from the

SASZ. The tsunami and inundation heights from these studies computed to find the

probability of exceedance for specified tsunami wave heights and as a result 100–yr

and 500–yr flood zones are determined and overlaid on FEMA Flood Insurance Rate

Maps for Seaside, Oregon.
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We use the NOAA database of unit sources to produce 
scenarios per Uslu (2007). 



case L(km) W (km) disp (m) mo(Nm) Mw

a 100 100 1 3E+20 7.65
b 200 100 1 6E+20 7.85
c 300 100 1 9E+20 7.97
d 400 100 1 1.2E+21 8.05
e 300 100 2 1.8E+21 8.17
f 400 100 2 2.4E+21 8.25
g 500 100 2 3E+21 8.32
h 500 100 3 4.5E+21 8.44
I 600 100 4 7.2E+21 8.57
j 600 100 5 9E+21 8.64
k 700 100 6 1.26E+22 8.73
l 700 100 7 1.47E+22 8.78
m 800 100 8 1.92E+22 8.86
n 800 100 9 2.16E+22 8.89
o 800 100 10 2.4E+22 8.92
p 800 100 12 2.88E+22 8.97
q 800 100 15 3.6E+22 9.04
r 800 100 20 4.8E+22 9.12
s 1000 100 20 6E+22 9.19
t 1000 100 30 9E+22 9.30

Table 3.2: Earthquake scenarios used in time–dependent and independent methodsl

subduction zones segments runs
KSZ 31 519
WASZ 10 99
AASZ 45 799
CASZ 36 619
Chile 45 799

Table 3.3: Number of runs considered using the scenarios from Table 3.2
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Scenario earthquakes for probabilistic models



convergence rates
Location year lat lon (mm/yr) plates
South Chile 1960 -39.5 -74.5 70 NZ-SA
Central Chile 1922 -28.5 -70 70 NZ-SA
North Chile 1877 -20 -70.5 68 NZ-AP
South Peru 1868 -18.3 -70.6 67 NZ-AP
North Peru 1940 -10.5 -77 63 NZ-SA
Ecuador-Colombia 1906 1 -81.5 55 NZ-ND
Central America 1992 11.2 -87.8 73 CO-NA
Mexico 1932 19.5 -104.25 30 RI-NA
Cascadia 1700 48 -125 42 JF-NA
Alaska 1964 61.04 -147.73 54 PA-NA
East Aleutian 1946 53.31 -162.88 64 PA-NA
West Aleutian 1965 51.1 178.4 73 PA-NA
Kamchatka 1952 52.75 159.5 78 PA-OK
Kuril Islands 1963 44.8 149.5 81 PA-OK
Northeast Japan 1968 40.84 143.22 83 PA-OK
Nankai 1707 33.2 136.5 57 PS-AM
Ryukyu 1920 30.47 131.29 65 PS-ON
Izu 1947 32.54 141.64 45 PA-PH
Marianas 1929 24.27 142.66 27 PA-MA
Loyalty-Vanuatu 1950 -18.25 167.5 103 AU-NH
Tonga 1865 -20 -173.5 185 NH-CR
Kermadec 1917 -29 -177 63 AU-KE
New Zealand 1931 -39.5 177 43 AU-KE
Java 1994 -10.5 112.8 64 AU-SU
South Sumatra 1833 -3 100 51 AU-SU
North Sumatra 2004 3.3 95.78 33 IN-BU
Makran 1945 24.5 63 28 AR-EU
Lesser Antilles 1974 16.7 -61.4 20 SA-CA

Table 3.1: Plate convergence rate and corresponding earthquake locations and years from
Stein and Okal (2007)
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location Longitude Latitude depth
Crescent City 234.95 42.02 422
Pt. Reyes 236.55 38.35 344
San Francisco 237.33 37.72 31
Monterey 237.02 37.72 57
San Luis Obispo 238.95 35.14 448
Los Angeles 241.88 33.61 52
San Diego 242.68 32.713 83

Table 3.4: Coordinates and water depth of the locations used in this study.

Return Period (Yr)
waveheight (cm) 50 100 150 250 300 400
Crescent City 3.9 10.9 26.6 133.9 187.5 468.8
Pt. Reyes 2.6 6.4 15.6 42.2 104.2 468.8
San Francisco 2.2 6.1 15.8 58.6 117.2 234.4
Monterey 3.0 10.2 27.4 156.3 234.4 —
San Luis Obispo 4.5 18.6 55.1 468.8 — —
Los Angeles 4.7 22.7 141.1 — — —
San Diego 5.7 35.1 151.7 — — —

Table 3.5: Return Period of tsunami wave heights at the California offshore locations
using earthquake generated waves from the Kuril Islands, the West Aleutians, The Alaska-
Aleutians, the Central America and the Chile subduction zones by assigning return period
from the slip rates from Table 3.1
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convergence rates
Location year lat lon (mm/yr) plates
South Chile 1960 -39.5 -74.5 70 NZ-SA
Central Chile 1922 -28.5 -70 70 NZ-SA
North Chile 1877 -20 -70.5 68 NZ-AP
South Peru 1868 -18.3 -70.6 67 NZ-AP
North Peru 1940 -10.5 -77 63 NZ-SA
Central America 1992 11.2 -87.8 73 CO-NA
Mexico 1932 19.5 -104.25 30 RI-NA
Alaska 1964 61.04 -147.73 54 PA-NA
East Aleutian 1946 53.31 -162.88 64 PA-NA
West Aleutian 1965 51.1 178.4 73 PA-NA
Kamchatka 1952 52.75 159.5 78 PA-OK
Kuril Islands 1963 44.8 149.5 81 PA-OK
Northeast Japan 1968 40.84 143.22 83 PA-OK
Ecuador-Colombia 1906 1 -81.5 55 NZ-ND
Cascadia 1700 48 -125 42 JF-NA
Nankai 1707 33.2 136.5 57 PS-AM
Ryukyu 1920 30.47 131.29 65 PS-ON
Izu 1947 32.54 141.64 45 PA-PH
Marianas 1929 24.27 142.66 27 PA-MA
Loyalty-Vanuatu 1950 -18.25 167.5 103 AU-NH
Tonga 1865 -20 -173.5 185 NH-CR
Kermadec 1917 -29 -177 63 AU-KE
New Zealand 1931 -39.5 177 43 AU-KE
Java 1994 -10.5 112.8 64 AU-SU
South Sumatra 1833 -3 100 51 AU-SU
North Sumatra 2004 3.3 95.78 33 IN-BU
Makran 1945 24.5 63 28 AR-EU
Lesser Antilles 1974 16.7 -61.4 20 SA-CA

Table 3.3: Plate convergence rate and corresponding earthquake locations and years from
Stein and Okal (2007)

subduction zones segments runs
KSZ 31 519
WASZ 10 99
AASZ 45 559
CASZ 36 619
SASZ 45 799

Table 3.4: Number of runs considered using the scenarios from Table 3.2
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Summary of parameters for probabilistic analysis
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Figure 3.14: Gutenberg and Richter type tsunami occurrence at Crescent City.

dependent estimates. Wave heights are normalized by the maximum wave height

from the computation. Notice, how well the return period with only AASZ sources

agrees well. This study expects 1m wave at the crescent City tide gauge every 1.6

years, 2m every 3 years, 3m wave every 13 years, 5m every 30 years and the biggest

designed wave, 12m every 469 years from AASZ.

Gutenberg and Richter type relationship is obtained plotting wave height oc-

currence in Figure 3.14. Houston (1980) frequency distribution is updated as the

n(h) = .157× e−.0036h with the h being the wave height.
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The future of Crescent City, California ?
(Inundation estimates at the CC tide gage)
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Figure 3.12: Return period of tsunami wave height at Crescent City tide gauge from
inundation model runs.
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Figure 3.13: Normalized tsunami return period at Crescent City tide gauge compared to
offshore results.
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