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Presentation Topics

Interesting new developments in seismology, including:

Southern California Earthquake Center (SCEC) Background
Earthquake Information Used by Experts
Simulating Earthquakes using Supercomputers
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Preparing Your Earthquake Response
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Tsunamis W

Volcanoes

FEMA report series (1991-1992)
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Southern California
Earthquake Center

Core Institutions (17)

Participating Institutions (57)

California Geological Survey
California Institute of Technology
Columbia University

Harvard University

Massachusetts Institute of Technology
San Diego State University

Stanford University

U.S. Geological Survey, Golden

U.S. Geological Survey, Menlo Park
U.S. Geological Survey, Pasadena
University of California, Los Angeles
University of California, Riverside
University of California, San Diego
University of California, Santa Barbara
University of California, Santa Cruz
University of Nevada, Reno

University of Southern California (lead)

Proposed new SCEC4 Core
Institution:

CalState Consortium

Appalachian State University; Arizona State University; Berkeley
Geochron Center; Boston University; Brown University; Cal-Poly,
Pomona; Cal-State, Chico; Cal-State, Long Beach; Cal-State,
Fullerton; Cal-State, Northridge; Cal-State, San Bernardino;
Carnegie Mellon University; Case Western Reserve University;
CICESE (Mexico); Cornell University; Disaster Prevention
Research Institute, Kyoto University (Japan); ETH (Switzerland);
Georgia Tech; Institute of Earth Sciences of Academia Sinica
(Taiwan); Earthquake Research Institute, University of Tokyo
(Japan); Indiana University; Institute of Geological and Nuclear
Sciences (New Zealand); Jet Propulsion Laboratory; Los Alamos
National Laboratory; Lawrence Livermore National Laboratory;
National Taiwan University (Taiwan); National Central University
(Taiwan); Ohio State University; Oregon State University;
Pennsylvania State University; Princeton University; Purdue
University; SUNY at Stony Brook; Texas A&M University;
University of Alaska; University of Arizona; UC, Berkeley; UC,
Davis; UC, Irvine; University of British Columbia (Canada);
University of Cincinnati; University of Colorado; University of
lllinois; University of Massachusetts; University of Miami;
University of Missouri-Columbia; University of New Hampshire;
University of Oklahoma; University of Oregon; University of
Texas-El Paso; University of Utah; University of Western Ontario
(Canada); University of Wisconsin; University of Wyoming; URS
Corporation; Utah State University; Woods Hole Oceanographic
Institution
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SCEC Mission Statement

« Gather data on earthquakes in Southern California
and elsewhere

* Integrate information into a comprehensive, physics-
based understanding of earthquake phenomena

« Communicate understanding to the world at large as
useful knowledge for reducing earthquake risk
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Earthquakes on the southern San Andreas may cause strong shaking
in Los Angeles ® The seasonal electrical nature of Saturn’s rings
* Intense gravity waves recorded in the polar mesosphere

Discovery of the TeraShake Wave Guide
Effect (2006)
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The Great Southern California
ShakeOut (2008) involved
collaborative research objectives and
coordination of research activities.
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Powering Discoveries That Change The Worla AT AUSTIN

Research & Development Education & Outreach Partnerships

Tomorrow's Forecast: Clear with a Chance of Tremors

CyberShake computations at TACC produce dynamic ground motion map for Southern California

Imagine if the nightly news featured an earthquake forecast alongside your local weather outlook.

The CyberShake project, based at the Southern California Earthquake Center (SCEC), is advancing Story Highlights:

geophysics toward that goal. Five years into a giant, multi-institutional effort led by SCEC directar, . .

Thomas Jordan, CyberShake 3.0is producing maps that predict how much ground motion can be * The Southern California

expected throughout the LA basin over the next 50 years. Earthquake Center (SCEC)

used the Ranger

The CyberShake predictions, called seismic hazard maps, have the potential to presenve thousands supercomputer at TACC to

of lives and save billions of dollars in the case of a catastrophic earthquake. Emergency response explore the effect of earthquakes

managers count on these predictions to determine what areas will be hardest hit in a quake, and on structures in Southern

where to deploy resources. Building engineers rely on them as well to construct structurally sound California over long time-scales.

ouldngs. * Their computational simulations
“We want buildings to last at least 50 form the basis for new
years,” explained Philip Maechling, probabilistic seismic hazard
information technology architect for analysis maps used by the U.S.
SCEC, which is associated with the Geological Survey, which impact
University of Southern California. “We building codes and zoning.
ask, ‘What are the peak ground )
motions that this building, or this site, * The new hazard analysis maps
will experience over thattimeframe?" predict more shaking in heavily

populated regions ofthe Los

Seismologists have developed a Angeles basin.

technigue to answer this question

called probabilistic seismic hazard

analysis (PSHA). PSHA has traditionally

been based on attenuation models, in

which historical records are extrapolated to create maps of unstable zones. For
Southern California, however, the range of different types of soil and rock make it
difficult to produce accurate maps. So, for nearly a decade, seismologists have
been using numerical algorithms and computer simulations to predict future
ground motions with far greater detail than traditional methods based on their
knowledge of earthquake physics.

More than 220 CyberShake physics-based PSHA
hazard curves were assimilated into a background
UCERF2 (2008) and NGA-based (2008) PSHA map above.
MNew analyses tend to raise hazard estimates in
the Los Angeles and VVentura Basins and reduce
hazard estimates for mountainous regions
in southern California.

Computational PSHA combines the results of millions of virtual earthquake
simulations into a map that tells a builder what will likely happen at their site in the
future. To create their latest maps for CyberShake, SCEC teamed with the Texas
Advanced Computing Center (TACC), whose massive supercomputer, Ranger,
enabled the creation of next-generation hazard predictions that are more
comprehensive than anything that has been created before.

Mapping Potential Quakes

PSHA requires two inputs: a velocity or earth structure model, and an earthquake rupture forecast. The firstinput uses information about the
geology of the area being studied to determine how earthquakes would interact with the soil and substructure of the region: how fast seismic
waves would travel, and how much shaking they would cause. The second input involves identifying where all the active faults in a region are, and
determining the probability of each fault rupturing.

TACC article on CyberShake (Feb 2010)
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Interesting new developments in seismology, including:

Southern California Earthquake Center (SCEC) Background
Earthquake Information Used by Experts
Simulating Earthquakes using Supercomputers
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CALIFORNIA FAULTS
Probability of M=6.7 Earthquake
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Earthquake Hazards Program
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Version 11 Probabilities
The Uniform California Earthquake Rupture Forecast, leads

Version 2 (UCERF 2) development of
By 2007 Working Group on California Earthquake Probabilities* UCERFZO, an

2008
Earthquake
*Edward H. Field, Timothy E Dawson, Karen R. Felzer, Arthur D. Frankel, Vipin Gupta, Thomas H. Jordan, Tom Parsons, Mark D, Petersen, Ross S.
Stein, Ray ). Welden II, and Chris J. Wills Ruptu re
Prodicted Rate of M 2 6.5 Rato o Prediced fateof 2 4.5t Forecast for

California.

Q0TS oo cors o ” o 03 0 az w

California’s 35 million people live among some of the most active earthquake faults in the United States. Public safety demands credible assessments
of the earthquake hazard to maintain appropriate building codes for safe construction and earthquake insuranceforloss protection. Seismic hazard
analysis begins with an earthquake rupture forecast—a model of probabilities that earthquakes of specified magnitudes, locations, and faulting types
will occurduring a specified time interval. This report describes a new earthquake rupture forecast for Califoernia developed by the 2007 Working Group
on Califernia Earthquake Probabilities (WGCEP 2007 ).




USGS hazard mapping results in dramatic
change in building codes
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Ratio of New/Old

New design ground
motions are, for the
most par, less
intense.

This is a big deal:
will impact $1 trillion
in construction over
next 5 years.
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Earthquake Response Information

Information available after an earthquake.



Intensity Scale - Earthquakes

« The Mercalli intensity scale is a seismic scale used for

measuring the intensity of an earthquake. It measures the
effects of an earthquake

« It is distinct from the earthquake magnitude usually reported
for an earthquake, which is a measure of the energy released.

 Intensity information is commonly used in post-earthquake
decision making. Intensity information about your locations of
Interest may be much more useful than earthquake magnitude.



Intensity Scale - Earthquakes

INTENSITY] 1 Ji-m [ v [ v [ vi [ v vii_ X

Shaking Not felt | Weak Light | Moderate | Strong | Very Strong Severe Violent | Extreme

Damage None None None | Very slight | Light Moderate | Moderate/ heavy | Heavy |Very heavy

Peak Acc <0.17 |0.17-1.4|1.4-3.9 | 3.9-9.2 9.2-18 18-34 3465 65-124 >124

Peak Vel <0.1 [0.1-1.1|1.1-3.4| 3.4-8.1 8.1-16 16 - 31 31-60 60-116 >116

Peak Acc = Peak ground acceleration(g), Peak Vel = Peak ground velocity (cm/s)



HOW AN EARTHQUAKE FEELS

The Modified Mercalli Intensity (MM) scale is
a means of categorising the effects of shaking
on people, structures and the environment.

Generally felt outside.
Small unstable objects displaced.
Some windows and pipes crack.

Felt by everybody.

Difficulty experienced in walking.
Objects from shelves tend to fall.
Slight damage to poorly
constructed buildings.

Difficulty standing.

Noticed by drivers of cars.
Furniture movement.

Tiles, water tanks, walls and
some buildings damaged.

Steering of cars affected.
Buildings damaged, including
some damage to earthquake
resistant buildings.

Cracks in ground.

Heavy damage to buildings,
bridges and roads.

Larger cracks in ground.
Landslides on steep slopes.
Liquefaction effects intensify.

More intense damage, including
serious damage to earthquake
resistant buildings and bridges.
Most unreinforced masonry
structures destroyed.




Intensity Scale - Wind

 The Beaufort scale relates wind speed to observed conditions
at sea or on land. Its full name is the Beaufort wind force
scale.



http://en.wikipedia.org/wiki/Wind
http://en.wikipedia.org/wiki/Wind_speed
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Force 3: Wind Speed 7-10 knots

Force 0: Wind Speed less than 1 knot Force 1: Wind Speed 1-3 knots Force 2: Wind Speed 4-6 knots
Sea: Sea like a mirror Sea: Wave height .Im [.25ft); Ripples with Sea: Wave height .2-.3m (.51 ft); Small Sea y:",’:‘:::‘g:::s;‘"“ ‘i‘z:& ::;9"'
ara f scales, no foam crests v begl v
appearance of scales, n wavelets, crests of glassy scattered whitecaps

appearance, not breaking

T A 1"11 /?

—r
Force 4: Wind Speed 11-16 knots Force 5: Wind Speed 17-21 knots Force 6: Wind Speed 22-27 knots Foree 7: Wind Speed 28-33 knots
Sea: Wave height 1-1.5m (3,5-5 ft); Small Sea: Wave height 2-2.5m (6-8 t); Moderate Sea: Wave height 3-4m (9.5-13 ft); Larger Sea: Wave height 4-5.5m (13.5-19 ft); Sea
waves becoming longer, numerous waves, taking longer form, many waves forming, whitecaps heaps up, white foam from break-
whitecaps whitecaps, some spray everywhere, more spray Ing waves begins to be blown In
streaks along direction of wind

N \3 .
ax ":‘\; LG M
- -
. | N .
L 5N . -
Force 8: Wind Speed 34-40 knots Force 9: Wind Speed 41-47 knots Force 10: Wind Speed 48-55 knots [storm) Force 11: Wind Speed 56-63 knots
Sea: Wave height 5.5-7.5m (18-25 ft): Sea: Wave height 7-10m (23-32 ft); High Sea: Wave height 9-12.5m (29-41 ft): Very Sea: Wave height 11.5-16m (37-52 ft);
Moderately high waves of greater waves, sea begins to roll, dense high waves with overhanging crests, Exceptionally high waves, sea
length, edges of crests begin to streaks of foam along wind direc- sea takes white appearance as foam covered with white foam patches,
break into spindrift, foam Is blown tion, spray may reduce visibility is blown In very dense streaks, roll- visibility still more reduced
In well marked streaks Ing is heavy and shocklike, visibility

Is reduced.



http://en.wikipedia.org/wiki/Wikipedia:IPA_for_English
http://en.wikipedia.org/wiki/Wikipedia:IPA_for_English
http://en.wikipedia.org/wiki/Wikipedia:IPA_for_English
http://en.wikipedia.org/wiki/Empirical
http://en.wikipedia.org/wiki/Wind
http://en.wikipedia.org/wiki/Wind_speed

USGS Earthquake Information Data Products

USGS is responsible for public statements about earthquake hazards in
US. Best USGS Earthquake Response information includes:

1. Recent Earthquakes (Web) and Earthquake Notification (ENS)
Subscription (Email):
— http://earthquake.usgs.gov/earthquakes/recenteqscanv/
— https://sslearthquake.usgs.gov/ens/

2. ShakeMap:
— http://earthquake.usgs.gov/earthquakes/shakemap/
3. Pager:

— http://earthquake.usgs.gov/earthquakes/pager/

4. Didyou Feel It:
— http://earthquake.usgs.gov/earthquakes/dyfi/
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CISN/sc ShakeMap : 6.9 km (4.3 mi) ESE of Westmorland, CA
AUG 26 2012 08:57:58 PM GMT M 5.5 N33.02 W115.55 Depth: 9.0km 1D:15200401

33.5°

32.5°

-116" -115°
Map Verslon 8 Processed Mon Aug 27, 2012 09:37:02 PM GMT
PPNy | Notfelt| Weak | Light |Moderate| Strong |Verystrong| Severe | Violent | Extreme
PO | none | nome | none |Verylight| Light | Modoerato | Mo Heavy | Heavy |Very Hoavy
PEAK ACC{%g) | <0.05 | 03 28 6.2 12 22 40 75 >139
PEAK VEL{cm's) [ <0.02 | 0.7 14 4.7 9.6 20 41 86 >178
morden etal 11}




science for a changing world

M 5.3, 6.5 km (4.0 mi) N of Brawley, CA

ZUSGS erihans ()

Origin Time: Sun 2012-08-26 19:31:22 UTC {12:31:22 local) P_AGER

Location: 33.02°N 115.55%W Depth: 12 km Version 12
Creaied: 1 day, 1 hour aiter earthgquake

Estimated Fatalities Yellow alert level for economic bosses. Some — Estimated Economic Losses

damage is possible and the impact should be
relatively localized Estimated economic losses
are less than 1% of GDP of the United States.
Past events with this alert level have required a
local or regional level response.

.:l 33
Green alert level for shaking-related fatalibes: L 1

There is a low likelihood of casualiies.

106,000

Estimated Populahon Exposed to Earthquake Shaking

ESTMIEDPOPULATION | - |1104k"| 74sk | 25k | 21k 6k
I TNy - v Vv Vi Vil

Resistant
POTENTIAL Struchwes

DAMAGE | vuinerable
Struchres

V. Light Light Moderate ModerateHeavy Heavy V_Heavy

PERCHVED SHAKING Notfelt | Weak | Light |Moderate| Strong | Very Sirong Severe Violent | Exireme
none none
none none

Light Moderate | ModerateHeavy Heavy V_Heavy | V. Heavy

“Esimaled exposure onkyf m

Population Exposure population per ~1 5. km from Landscan
1000 5000 10000
115.25°W

Structhures:

Owerall, the population in this region resides
in structures that are highly resistant to
earthquake shaking, though some vulnerable
structures exist.

Historical Earthquakes. (with MMI levels):
Date Dist Mag. Max Shaling

" {UTC) (lam) MMi#)  Deaths
. 19890119 307 52 VI(14k) 0
; 19910628 264 56  Vi(8k) 1

19940117 306 67 |IEIRN 33
Recent earthquakes in this area have caused

hazards such as landslides and
iquefaciion that might have contributed to
losses.

33.25°N

Selected City Exposure

MMI City Population|
V1 Brawley 22K
V1 Westmorland 2K
V Calipatria 8ki
V Imperial 10K
IV El Centro 38kl
IV Seeley 2K|
IV Mexicali 597k|
Il Yuma 84K|
Il Indio 66k|
Ill__Tecate 58K|
boid cities appear on map (k= x1000)

PAGER contert is automatically b losses due to struchural damage.
Limitations of nput data, shaking estimates, anmsmummayaﬂul:mly R
hitp:#earthquake. usgs.gov/pager Event ID: ¢i15199681




USGS Community Internet Intensity Map
SOUTHERN CALIFORNIA
Aug 26 2012 01:57:58 PM local 33.0243N 115.5495W M5.5 Depth: 9 km 1D:ci15200401

. CITY SIZE

36°N 36°N
34°N 34°N
32°N 32°N
30°N 30°N

118'W
NTensy |1 | 1ENE

SHAKING |Not felt| Weak | Light |Moderate| Strong |Very strong Severe Violent | Extreme

DAMAGE | none | none | none |Verylight | Light | Moderate |Moderate/Heavy| Heavy | V. Heavy
Processed: Thu Aug 30 00:55:38 2012




Presentation Topics

Interesting new developments in seismology, including:

Southern California Earthquake Center (SCEC) Background
Earthquake information Used by Expert
Simulating Earthquakes using Supercomputers

> w N e

Preparing your Earthquake Response
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Characteristics of Scientific Simulations

The reasons seismologists and earthquake engineers want to
make better use of simulations are shared with other domains.

Experiments prohibited
or impossible

Applied
physics
Radiation transport
Supernovae

Experiments difficult
to instrument

Experiments
hazardous

Environment

Global climate
Wildland firespread

Engineering
Crash testing
Aerodynamics
Experiments
controversial

Experiments

expensive
Lasers

and energy
High-energy particles
Laser fusion

Biology
Drug design
Genomics

Scientific
Simulation




The information value ladder

Forecasting

Reporting
7 .
07" Analysis Done poorly
Q,“{b\o Integration
O
22 Distribution
\(\o‘ Aggregation Done poorly to moderately

Quality assurance

Collation Sometimes done well, by many groups,

Monitoring but could be vastly improved

Slide Courtesy CSIRO, BOM, WMO

Jeff Dozier, University of California, Santa Barbara



Types of Seismic Hazard Forecasts with Commercial or
Governmental Market

Seismic Hazard Forecast Types

Forecast Users

Earthquake Early Warning Forecast

Public, Press, City, State, National
Governments

Scenario Earthquake Seismograms
Forecasts

Engineering Companies, Insurance
Companies, State, National Governments

Short-term earthquake Forecasts

Public, Press, State and National
Governments

Long-term Probabilistic Seismic Hazard
Forecasts

Engineering Companies, Building Code
Developers, Insurance companies,
State and National Governments,

SCEC research is improving each forecast type.




SCEC: An NSF + USGS Research Center




SCEC: An NSF + USGS Research Center




Lancaster

o

A les
_Los AngEel

SCEC: An NSF + USGS Research Center



SCEC M8 Simulation (Feb 2011)
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Southern California in 1857

The most recent ‘big one’ in southern California



Southern California in 2008
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* Over 23 million people
 Fastest growing areas are close to the San Andreas




Earthquakes % Floods <+ Hurricanes % landslides %  Tsunamis %  Volcanoes Wildfires

Interior Secretary Kempthorne and
California Governor

Caltech CE Seminar - Jan. 25, 2007
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Widespread Strong Ground Shaking
+ Shaking of Long Duration =

300,000 buildings significantly damaged
Widespread infrastructure damage
$213 billion damages
270,000 displaced persons
50,000 injuries

1,800 deaths 916(9
ut



Stranded Commuters (LA example)

Coconino
18

From other counties into LA ~
e 440k

726

San Bernardino
111,439

Santa Barbara 53
1,589

el © 185k from Orange Co.

Ventura

e 111k from San Bernardino Co.

F . Maricopa
Workers Commuting To Riverside 1118

Los Angeles From Other Counties 36,802 37k from Rlve I'Slde CO
ﬂ Imperial

|:| 2-6,000 San Diego B8

7,768 S S
[ ]8001-40000 Sam_ Fresno
Benito 544
I 40,001 - 112,000 19
- 112,001 - 185,145 Monterey
MEXICO 326
No Commuters From This County Into Los Angeles (Data Not Available)

Total Workers Commuting In 439,874

San Bernardino

Santa Barbara

Ventura

LA to other counties ~ 280k

Workers Commuting From

Los Angeles To Other Counties ’ Riverside
« 160k to Orange Co. f4 | P
) [ ]7-2000 San Diego —
e 41k to San Bernardino Co. |ImmErmr: o8 408

) ) I 10.001 - 50,000 '
* 9k to Riverside Co. I 50.001 - 160,279 E

No Commuters From Los Angeles To This County

Total Workers Commuting Out 282,344



Earthquakes s Floods < Hurricanes & landslides %  Tsunamis Volcanoes %  Wildfires




Earthquakes s Floods < Hurricanes W landslides %  Tsunamis %  Volcanoes W  Wildfires

Students Duck and Cover

Caltech CE Seminar - Jan. 25, 2007



Earthquakes o Floods < Hurricanes % landslides %  Tsunamis %  Volcanoes W  Wildfires

SClentlstS and PoI|t|C|ans Duck and Cover

Caltech CE Seminar - Jan. 25, 2007



® 00 ShakeOut - Select Your ShakeOut Region "

J a ShakeOut - Select Your ShakeO... u + L
T b a0
4 | www.shakeout.org c | L '-'l' ShakeOut.org

Great ShakeOut

Earthquake Drills

California | Mevada | Oregon | Washington | Idaho | Alaska | Arizona | SouthEast | British Columbia | Guam | New Zealand | Central US | Puerio Rico | Southern Italy | Utah

~ SHAKEOUT REGIONS AND CURRENT REGISTRATION LEVELS

Great ShakeQOut earthquake drills help people in homes, schools, and organizations practice how to be safe during big earthquakes,
and provide an opportunity for everyone to improve their overall preparedness. By participating, you can have peace of mind that you,
your family, your co-workers and millions of others will be better prepared to survive and recover quickly from the next big
earthquake in your region! As of today, there are over 12.2 million people that have been registered to participate in ShakeOut drills in

2012, including over 7.8 million people, on October 18th.

To register or learn more, click a ShakeOut region map or choose from this list: | select one...

OREGON JIRWASHINGTON

10/18/2012 10/18/2012 10/18/2012 10/18/2012 10/18/2012

As of today: 100,000 As of today: 46,000 As of today: 300,000 As of today: 13,000

As of today: 6.7 million
(First year) (2011: Over 86,000)

(2011: 8.6 million) (2011: Over 190,000) (2011: Over 23,000)




For More Information Please Visit:
WWW.scec.org

And Register to Participate in the
2012 Great California ShakeOut

(18 October 2012 at 10:18 am PT)
www.shakeout.org



