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Locating Earthquakes



A seismograph detects 
and records earthquakes

A seismogram is the 
earthquake record

How do we measure earthquakes?

When an earthquake occurs, the seismic waves travel through the Earth to the 
seismic station where the information is transmitted to distant computers.



Global Seismic Network

International Monitoring System, etc.)

PTWC monitors >800 seismic stations worldwide



Basic (Seismic) Wave Properties

• Wavelength - distance between successive crests of the wave
• Wave period - time it takes for the wave to travel one wavelength



Basic Types of Seismic Waves

Surface waves arrive after the body waves. They have 
lower frequency and larger amplitude than body waves.



Basic Types of Seismic Waves

P and S Waves (also called body waves)

P waves are faster and travel at speeds of 6-14 km/s







Basic Types of Seismic Waves
Surface Waves 

(do not travel through the earth)

Surface waves travel along 
the Earth’s surface at 
speeds of ~3/km/sec, much 
slower than the body 
waves.









Body waves
(P and S) radiate in 
all directions and 
travel inside Earth

Surface waves 
travel along Earths surface, 
and decrease in amplitude 
with depth

Body Waves and Surface Waves



Distance of earthquake from seismometer

determined from S arrival time - P arrival time

4 min 45 sec

3300 km



Locating an earthquake...the basics

1. Determine distance of 
EQ from three seismic 
stations by calculating the 
S minus P arrival times. 

2. Plot on the travel-time 
graph.

3. Intersection of the 
circles gives the location.

1. 2.

3.



Earthquake Location: T = 0 to 5 minutes



Earthquake Rupture Complexity

Great Earthquakes (M ≥ 8) 
• Shake for a long time (10s sec to 2-3 minutes)
• Rupture for 100s miles



Haskell Line Source
Dislocation Source

Haskell, 1964 sumatra

2004 Sumatra earthquake 

Energy Release imaged by Japan HINET Array

Ishii et al., 2005



Earthquake Magnitude         
& Energy

M7, Papua New Guinea earthquake





Ground-Shaking Amplification

Seismic waves are amplified as they pass from bedrock 
into basins filled with sedimentary rock.



Site Effects Related to soils and topography
M7.1 Pedro Bay Earthquake (animation by Carl Tape)



Measuring Earthquake size
• Historical – Used macroseismic information

• Fatalities
• Maximum shaking
• Area of intense shaking

• Did not correlate well from one quake to the 
next because damage depended on 
• ”True” size (i.e., magnitude)
• Distance from the epicenter
• Building design 
• Surface material (rock or dirt) beneath buildings 
• Proximity to populated regions



Modified Mercalli Intensity Scale
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Amplitude Period
Correction for depth 
and distance

Regional scaling factor
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vertical component of the 
surface wave within the period 
range 18 <= + <= 22. 

/ : 20° ≤ D ≤ 160°. 

No depth corrections!



Idriss, 1985

after Wright et al., 2012
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Idriss, 1985

after Wright et al., 2012

How do we overcome this problem?
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M!"""""""Local magnitude (California)      regional S & surface waves    0.1-1 sec

M# JMA (Japan Meteorol. Agency)    regional S & surface waves   5-10 sec

m$ Body wave magnitude    teleseismic P waves                 1-5 sec

M% Surface wave magnitude teleseismic surface waves       20 sec 

The methods below overcome the effects of saturation:

Mwp  P-wave moment magnitude         teleseismic P waves                 10-60 sec

M&"""""""Moment magnitude                      teleseismic surface waves        > 200 sec

M'""""""Mantle magnitude                         teleseismic surface waves       > 200 sec 

Types of Magnitude Scales
Period Range
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• Introduced in 1979 by Hanks and Kanamori 
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• ML - local magnitude, HI/PR/USVI (2<M<6)

• mb - body wave magnitude, largest P-waves 
(4<M<6.5)

• Mm - mantle wave magnitude, 50-400s 
surface waves (M>6)

• Mwp – estimate of moment magnitude from 
integrated P-waves (5<M<8)

• W-phase - long-period phase, gives stable 
results, does not saturate, but takes ~20-25 
minutes (M>5)



• Measurements are not precise.                          
Different magnitudes result from using different 
scales/methods and datasets.

• Many methods saturate for large earthquakes
• Mo → EQ energy → ”true” EQ size but takes time
• TWC’s rely on Mwp for preliminary message 

products,  method can still underestimate        
great earthquake sizes.    

• WCMT provides fault geometry and authoritative 
estimate of Mw but takes time (~15-25 minutes) 
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