























What should | know?

A magnitude 6.0 earthquake has about 32
times more energy than a magnitude 5.0
and about 1,000 times more energy than a
magnitude 4.0 earthquake. This does not
mean there will be 1,000 times more shaking
at your home. A bigger earthquake will last
longer and release its energy over a much
larger area.

Seismologists have since developed a new
measurement of earthquake size, called
moment magnitude. Moment is a physical
quantity more closely related to the total
energy released in the earthquake than Richter
magnitude. It can be estimated by geologists
examining the geometry of a fault in the field
or by seismologists analyzing a seismogram.
Because the units of moment are very large, it
has been converted to the more familiar range
of magnitude values for communication to

the public.

Moment magnitude has many advantages over
other magnitude scales. First, all earthquakes
can be compared on the same scale. (Richter
magnitude is only precise for earthquakes of a
certain size and distance from a seismometer.)
Second, because it can be determined either
instrumentally or from geology, it can be

used to measure old earthquakes and compare
them to instrumentally recorded earthquakes.
Third, by estimating how large a section of
fault will likely move in the future, the magni-
tude of that earthquake can be calculated

with confidence.

Who monitors California’s earthquakes?

Earthquake monitoring for California is

done by the California Integrated Seismic
Network (CISN), a partnership among the
U.S. Geological Survey (USGS), University
of California Berkeley, Caltech, the California
Geological Survey, and the Governor’s Office
of Emergency Services. CISN is part of a
USGS national seismic monitoring program
called the Advanced National Seismic System
(ANSS). For more information go to:

WWW.cisn.org/ or www.anss.org/.

A longer fault can produce a bigger earthquake that lasts a longer time.

Magnitude Date Location Rupture Length Duration
(kilometers) (seconds)
9.1 December 26, 2004 Sumatra, Indonesia 1200 500
79 January 9, 1857 Fort Tejon, CA 360 130
79 May 12, 2008 Sichuan, China 300 120
7.8 April 18, 1906 San Francisco, CA 400 110
73 June 28, 1992 Landers, CA 70 24
1.3 August 17, 1959 Hebgen Lake , MT 44 12
1.0 October 17, 1989 Loma Prieta, CA 40 7
7.0 October 28, 1983 Borah Peak, ID 34 9
6.8 February 28, 2001 Nisqually, WA 20 6
6.7 January 17, 1994 Northridge, CA 14 1
6.4 March 10, 1933 Long Beach, CA 15 5
5.9 October 1, 1987 Whittier Narrows, CA 6 3
5.4 July 29, 2008 Chino Hills, CA 5 1
.
. ) \
\
w
v N
Q \ °
@ \ g
@ | ]
7. . \\
e © )
" AN
— ® [5)
e
u e @
\
e n
SR
K come
L
oY § RERPC I
10 ® O
85, 0 ovo" "o
AANNA ™1
A |
°he o @ .I
km o s o
== )
50 A .. A "} ] "
i ° e -
° \

A The Southern California Seismic Network (SCSN) records data from more than 370 seismic

stations. Each station records seismic waves from both near and distant earthquakes. All the

data are transmitted automatically to Caltech/USGS in Pasadena for processing and distribution of
information such as epicenters, magnitudes, and ShakeMaps. The SCSN is also part of the California
Integrated Seismic Network (CISN) that coordinates earthquake monitoring statewide. The symbols
indicate different types of seismic stations.
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EARTHQUAKE SHAKING

Magnitude is a measurement of the energy
produced by an earthquake and is not a mea-
sure of the shaking you feel. What you feel is
very complex—hard or gentle, long or short,
jerky or rolling—and is not describable

with one number. What you feel in an earth-
quake is controlled by three main factors:
magnitude, distance, and local soil conditions.

2001
M6.8 Nisqually Earthquake

1994
M6.7 Northridge Earthquake

A The 2001 Nisqually (M6.8) and 1994 Northridge
(M6.7) earthquakes shown above provide an inter-
esting example of how distance from an earthquake
affects the level of shaking experienced. Even
though the Nisqually earthquake was slightly larger
than the Northridge earthquake on the magnitude
scale, the resulting damage was far less. One
reason is that the section of fault that moved was
much deeper than the fault that moved in the
Northridge earthquake. Therefore every house was
at least 50 kilometers (30 miles) away from the fault.

Magnitude

Typically you will feel more intense shak-
ing from a higher magnitude earthquake than
from a small one. Bigger earthquakes also
release their energy over a larger area and for

a longer period of time.

An earthquake begins at the hypocenter, and
from there the rupture front travels along the
fault, producing waves all the time it is mov-
ing. Every point crossed by the rupture front
gives off shaking, so longer faults produce
bigger earthquakes that have longer durations.
The actual durations of 15 earthquakes are
shown on the previous page. For a magnitude
5 event, the actual process of rupturing the
fault is over in a few seconds, although you
might continue to feel shaking for longer
because some waves reach you after they
bounce and echo within the earth.

The magnitude 7.8 earthquake on the San
Andreas fault in 1857 ruptured almost 360
kilometers (220 miles) of the fault. At

3 kilometers (2 miles) per second, it took

two minutes for that length of fault to rupture,
so you would have felt shaking for several

minutes.

Distance

Earthquake waves diminish in intensity as
they travel through the ground, so earthquake
shaking is less intense farther from the fault.

Low-frequency waves diminish less rapidly
with distance than do high-frequency waves.
If you are near an earthquake, you will experi-
ence all the shaking produced by the earth-
quake and feel “jolted.” Farther away, the
higher frequencies will have died away and

you will feel a rolling motion.

The amount of damage to a building does not

depend solely on how hard it is shaken. In

general, smaller buildings such as houses are
damaged more by higher frequencies, so
they must be close to the hypocenter to be
severely damaged. Larger structures such as
high-rises and bridges are damaged more by
lower frequencies and will be affected by
the largest earthquakes, even at considerable
distances.

Local soil conditions

Soils can greatly amplify the shaking in an
earthquake. Passing from rock to soil, seismic
waves slow down but get bigger. Hence a
soft, loose soil may shake more intensely than
hard rock at the same distance from the same
earthquake. An extreme example for this type
of amplification was in the Marina district of
San Francisco during the 1989 Loma Prieta
earthquake. That earthquake was 100 kilome-
ters (60 miles) from San Francisco, and most
of the Bay Area escaped serious damage.
However, some sites on landfill or soft soils

experienced significant shaking.

The same factors also apply to areas covered
by thick sediment—such as the Los Angeles
basin where sediments can be as much as 10
kilometers (6 miles) thick. Shaking from an
earthquake in the region can be 5 or more
times greater at a site in the basin than the

level of shaking in the nearby mountains.

P.S.

Several other factors can affect shaking.
Earthquake waves do not travel evenly in all
directions from the rupture surface; the
orientation of the fault and the direction of
movement can change the characteristics of
the waves in different directions. When the
earthquake rupture moves along the fault, it
focuses energy in the direction it is moving so
that a location in that direction will receive
more shaking than a site at the same distance
from the fault but in the opposite direction.
This is called directivity.
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What should | know?

Did You Feel It?
Community Internet Intensity Map — 1994 Northridge earthquake

. =

ShakeMap
Instrumental Intensity Map — 1994 Northridge earthquake

ONLINE EARTHQUAKE INFORMATION

After an earthquake, knowing more about
what just happened can reduce fears and help
you understand what to expect next. Online
earthquake information products include:

Recent earthquakes map — Within
1 to 2 minutes of an earthquake, its location
and magnitude are available at several

Web sites, including data.scec.org and
earthquakes.usgs.gov.

[ Last Hour
B LastDay
[ Last Week

Recent Earthquake Map
5:30 am, January 17, 1994
(one hour after the Northridge earthquake)

FERCEIVED INotfet| Weak | Light |Moderate| Strong |Very strong|  Severe Violent | Extreme
szﬁ’f‘gé" none none none | Verylight| Light Moderate |Moderate/Heavy] Heavy |Very Heavy]
INTENSITY I -1 /] Vil PEAK ACC.(%g) | <.17 |.17-1.4| 1.4-3.9| 3.9-9.2 | 9.2-18 18-34 34-65 65-124 >124
SHAKING Notfelt [ Weak Light | Moderate | Strong | Very strong Severe Violent Extreme PEAK VEL.(cmvs) | <0.1 | 0.1-11 | 1.1-34 | 3.4-81 8.1-16 16-31 31-60 60-116 >116
DAMAGE none | none | none | Very light | Light | Moderate | Moderate/Heavy | Heavy | Very Hsavyl IN?;_IB'EJ”SEINAL ] n-m v ‘Ij—
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“Did You Feel 1t?” — Tell us what
you felt! Personal experiences of the effects
of an earthquake are very valuable to
scientists. When you have felt a quake,
please report your observations by using a
quick survey found on the U.S. Geological
Survey “Did You Feel It?” Web site at

carthquake.usgs.gov/eqcenter/dyfi.php.

When you fill out this online survey, your
observations of actual damage and shaking
are combined with those of thousands of
other people. The quake’s shaking intensities,
derived from these observations, are displayed
by ZIP code on a “Community Internet
Intensity Map.”

“ShakeMap” — Within 5 to 10 min-
utes of most felt earthquakes (magnitude
3.5 and greater) in Southern California, a
“ShakeMap” is posted on the Web. This
map shows the range of shaking intensi-
ties across a region. Every quake has
only a single magnitude, but it produces a
range of shaking intensity values over the
area in which it is felt.

ShakeMaps use data from seismic
instruments to provide a rapid picture of
where the strongest shaking occurred.
These maps help to identify areas where
a quake’s impact is greatest and are
used by emergency managers to speed
disaster response. ShakeMaps are
available at www.cisn.org/shakemap

or earthquake.usgs.gov/shakemap.
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Answers for many of your questions, online versions of this handbook in
multiple languages, the Seven Steps to an Earthquake Resilient Business
S and other supplemental documents, are all available at:
Earthquake Country Alliance

We're all in this together. WWW- ea rth q u a keco u ntrv- 0 rq

Why should I care? (Page 4)
California Earthquake Forecast: www.scec.org/ucerf
California Geological Survey

Seismic Shaking Hazard Maps: www.consrv.ca.gov/CGS/rghm/psha/pga.htm

Tsunami Hazards: tsunami.ca.gov
Landslide and Liquefaction Maps: gmw.consrv.ca.gov/shmp

The ShakeQut Earthquake Scenario: urbanearth.usgs.gov/scenario08

Historic Earthquakes in Southern California clickable map: www.data.scec.org/clickmap.html

Recent Earthquakes in Southern California: www.data.scec.org/recentegs.html

What should | do? (Page 14)

Earthquake Country Alliance: www.earthquakecountry.org

www.ShakeOut.org www.dropcoverholdon.org www.terremotos.org

American Red Cross: www.redcross.org
California Emergency Management Agency: www.calema.ca.gov
California Earthquake Authority: www.earthquakeauthority.com

California Seismic Safety Commission: www.seismic.ca.gov
Emergency Survival Program (ESP): www.espfocus.org
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Federal Emergency Management Agency: www.fema.gov
“Step 1” in greater detail: www.quakeinfo.org

What should | know? (Page 26)
United States Geological Survey Earthquake Hazards Program: earthquake.usgs.gov

California Geological Survey: www.consrv.ca.gov/cgs

Southern California Earthquake Center: www.scec.org
Southern California Earthquake Data Center: www.data.scec.org

Southern California clickable fault map: www.data.scec.org/faults/faultmap.html

Southern California ShakeMaps: www.cisn.org/shakemap

Did You Feel It? — report it!: earthquake.usgs.gov/eqgcenter/dyfi.php

Additional support provided by:

CALIFORNIA
EARTHQUAKE
AUTHORITY




