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ACTIONS THAT CONTRIBUTE TO
THE SEISMIC HAZARD ESTIMATION

ProbabilisticProbabilistic ApproachApproach
PGA Distribution espected for a given period of time

Definition of seismogenic Zones
Ground Motion Atenuation Relation

DeterministicDeterministic ApproachApproachDeterministicDeterministic ApproachApproach
Waveforms from a specific earthquake scenario.

Details of Seismic Source (characterization)
Details of Path.
Details of Site Effect. 



Framework of predicting strong ground motions for scenario Framework of predicting strong ground motions for scenario earthquakes (earthquakes (IrikuraIrikura, 2004), 2004)

1. Long-term forcasting of 
earthquakes

Active fault survey     

2. Strong motion observation 
and waveform inversion of 

source process

Strong motion records         

3. Investigation of 
underground structures

Reflection and/or refraction 
profiling

Historical earthquake records  
GPS observation            
Seismic activity monitoring

Teleseismic records             
Broad-band records      
Earthquake damage records

Gravity survey              
Boring, P-S velocity logging
Microtremor array measurement

Macroscopic  
(Outer)

Microscopic  
(Inner)

Empirical approach

Stochastic
Theoretical

Source modeling            
(Outer source parameters)    
(Inner source parameters)

Estimation of Green’s Function  
(Empirical Green’s Function)   
(Stochastic Green’s Function)   
(Theoretical Green’s Function)

Rupture directivity
Hybrid

Source modeling            
(Outer source parameters)    
(Inner source parameters)

Estimation of Green’s Function  
(Empirical Green’s Function)   
(Stochastic Green’s Function)   
(Theoretical Green’s Function)

4. Ground motion simulation for 
scenario earthquakes

Ground motion waveform    
PGA, PGV                
Response spectra         
Seismic intensity

Building codes   
Hospital,  School, 
Bridge,  Dam,                  
Nuclear power plants

5. Setting seismic 
design criteria

Seismic intensity Nuclear power plants

Validation by historical records of earthquake damage



SITE EFFECTS

SEISMIC
SOURCE

SEISMIC SOURCE CHARACTERIZATION

EARTHQUAKE STRONG GROUND MOTIONS

SEISMIC SOURCE CHARACTERIZATION
INER  and OUTER PARAMETERS

SEISMIC WAVES PATH
GMAR

ATENUATION

LOCAL GROUND CONDITIONSLOCAL GROUND CONDITIONS
Site effects



SEISMIC SCENARIO

SOURCE PATH SITE

SITE EFFECTS



HOW TO EVALUATE THE SITE EFFECTS?

HOW TO EVALUATE THE SITE EFFECTS?

By Knowing the physical characteristics of the surfitial layers:

• Thickness
• P wave propagation velocityP wave propagation velocity
• S wave propagation velocity
• Density
• Damping

Exploration methods:

• Seismic RefractionSeismic Refraction
• Crosshole
• Downhole
• Refletion
• Methods that use microtremors

• HVSR, ReMi, f-k, SPAC
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SPAC METHOD
(SPATIAL AUTOCORRELATION METHOD)

Propoused by Aki (1957).
Mi i  i l Microtremors in instrumental arrays.
Rayleigh waves phase velocity dispersion curves estimation,  through
the spatial autocorrelation.
Velocity structure * At least 3 stations.

From SAGEP 2003 (corporation OYO).

SPAC METHOD
MICROTREMORS ARRAY OBSERVATION
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EXAMPLES OF MICROTREMOR ARRAY 
OBSERVATION USING TRIANGLES



H/V  USING GURALP FOR THE LARGEST ARRAY
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COMPARISON WITH THE GEOLOGICAL MODEL



APSIS: FREE SOFTWARE

FUNCTION 1:  CONTROL AND RECORDING OF 
MOTIONS USING THE SEISMIC UNIT SR04



FUNCTION 2: READING AND DEPLOYMENT OF 
A SAC FORMAT FILE

FUNCTION 3: SPAC METOD PROCESSING
(EQUILATERAL TRIANGLE)



USERUSER
MANUAL

MEXICO CITY 3D MODEL 



PATH

ATENUATION

Temporary Michoacán Atenuation Network 



Earthquakes Analyzed in This Study

Event Date Latitude Longitude Depth Mw Mo

No (d/m/y) (°N) (°W) (Km) (dyne-cm)

1 31/05//2007 18.66 -104.14 11 5.1 5.62x1023

2 31/05//2008 18.2 -103.49 5 4.5 7.08x1022

3 06/01/2007 18.72 -104.07 20 4.8 2.00x1022

4 17/06/2007 18.22 -103.44 12 4.4 5.01x1022

5 27/06/2007 18.75 -104.07 8 4.3 3.55x1022

6 07/05/2007 18.19 -103.44 5 4.1 1.78x1022

7 07/08/2007 18.16 -102.83 16 4.2 2.51x1022

Data Analysis

Resampling

remotionmodelsource2ω remotionmodelsourceω



QUALITY FACTOR VS FREQUENCY

THIS WORK COMPARED WITH OTHERS



AMPLITUDE VS DISTANCE

REGIONAL GEOLOGY OF MICHOACAN STATE



CONCLUSIONS
(ATENUATION)

• Temporary Network in Michoacán State• Temporary Network in Michoacán State
• Seven eathquakes used ( 4.1 < Mw < 5.1 )
• Distances from about 20 to 320 Km
• Q =  105 f 0.74

• SmallerSmaller thanthan previousprevious relationsrelations forfor GuerreroGuerrero

•• NeoNeo--volcanicvolcanic transtrans--mexicanmexican beltbelt

•• RiskyRisky toto extrapolateextrapolate thethe atenuationatenuation relationsrelations

SOURCE
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4.3
a

4.3b 4.3
c

SOURCE CHARACTERIZATION USING 
EMPIRICAL GREEN´S FUNCTIONS METHOD
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FOURIER SPECTRA STATION MANZ (3  SMGA) 
GREEN – SYNTETICS BLUE - OBSERVED
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COMPARISON WITH THE DISLOCATION
MODEL OBTAINED BY YAGI ET AL. (2004).
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SimulationsSimulations forfor stacionsstacions at rock at rock sitesite withinwithin
thethe Colima Colima StateState

NS Component cm/s/s

169.1    CEN

225.3    COL

169.1    CEN

225.3    COL

EW Component cm/s/s

229.7    CEN

190.2    COL

229.7    CEN

190.2    COL

Z Component cm/s/s

129.5    CEN

59    COL

129.5    CEN

59    COL

114.3    EZ5

116.9    COLL

120    COJU

98.6    CIHU

114.3    EZ5

116.9    COLL

120    COJU

98.6    CIHU

76.5    EZ5

132.7    COLL

216    COJU

110.9    CIHU

76.5    EZ5

132.7    COLL

216    COJU

110.9    CIHU

58.4    EZ5

80.4    COLL

111.3    COJU

85.3    CIHU

58.4    EZ5

80.4    COLL

111.3    COJU

85.3    CIHU

0 10 20 30 40 50

307    TAPE

373.9    SE5

349.1    MACE

307    TAPE

373.9    SE5

349.1    MACE

0 10 20 30 40 50

335.4    TAPE

348.9    SE5

276.8    MACE

335.4    TAPE

348.9    SE5

276.8    MACE

0 10 20 30 40 50

164.6    TAPE

128.4    SE5

149.4    MACE

164.6    TAPE

128.4    SE5

149.4    MACE



SimulationSimulation forfor stationsstations soilsoil withinwithin Colima Colima StateState
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SimulationSimulation forfor stationsstations outsideoutside of Colimaof Colima
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CONCLUSIONS (SOURCE) 

SuccesfullSuccesfull aplicationaplication of EGFMof EGFM

HighHigh frequencyfrequency modelmodel thatthat are of are of interestinterest toto
earthquakeearthquake engineeringengineeringearthquakeearthquake engineeringengineering

WaveformWaveform simulationsimulation at at sitessites wherewhere therethere waswas
no no seismicseismic stationstation duringduring thethe TecománTecomán
earthquakeearthquake..

ModelModel aplicationaplication..

1.1. AccelerationAcceleration, , VelocityVelocity ,and ,and displacementdisplacement
waveformswaveforms, Fourier , Fourier spectraspectra, PGA, I, PGA, IMMMM.

2.2. WeWe can can apliedaplied ourour knowledgeknowledge odod thethe seismicseismic
sourcesource forfor thethe modelingmodeling of of futurefuture
earthquakesearthquakes. . 


