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Lôampiezzadelo scuotimento AUMENTA! 

allôaumentaredella distanza dalla sorgente!



La banda di frequenza amplificata dipende

dalla struttura del sottosuolo

Modified after Safak (2001)



MZS - Engineering Seismology



Michoacan 1985 event: way to DF...



Tenochtitlan and Mexico City (DF)

La ciudad de Tenochtitlan y su entorno en el 

siglo XVI Pintura de Miguel Covarrubias, 

Museo Nacional de Antropología, México 

DF

The actual boundaries of the World Heritage 

Property follows the boundaries of the 

Historical Monuments Zones, according to the 

limits of the city in the 19th century (perimeter 

A), and a buffer zone (perimeter B)



Stefano Parolai

Modified Flores-Estrella et al.  

(2007) and Singh et al.(1989)



Michoacan 1985 event: GM in DF



Michoacan 1985 event: damage in DF

Wreckage of a twenty-one-story building in 

Conjunto Pino Suarez Complex

Totally destroyed office building in the foreground, 

while the 44-floor Torre Latinoamericana office 

building, in the background on the right, stands



Response spectra



Relative displacement

Pseudo Velocity and 

Pseudo accelerations



Since PSV and

PSA are obtained

by SD simply

multiplying for a

factor

The 3 spectra can

be diplayed on the

same plot



Response spectra

La risposta

dellóoscillatore

dipende dalla

sua frequenza e 

dallo

smorzamento!



Born: 21 March 

1768 in Auxerre, 

Bourgogne, 

France

Died: 16 May 

1830 in Paris, 

France



Fourier spectrum:

ÅIn what way are there two numbers at each frequency? From basic 
complex number theory:
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ÅThus, the 
definition can be 

rewritten as:

ÅThe two numbers 
at each frequency 
are a(ɤ) and b(ɤ) 

(for g(t) real).
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Modified from D. 

Boore, 2004 

sin( t) odd function

cos( t) even function
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Stefano Parolai
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It is very useful to define the Fourier Amplitude Spectrum:
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Modified from D. Boore, 2004 
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-Linearity:     

-Derivative:

-Shift: 

-Convolution:
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Some properties of the Fourier TransformÀ

Applications: linear system (source*path*site*instrument), time-delay of propagation 

(e.g. array analysis), solving differential equations, etcé

Parseval identity 

(sum of the square values)
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Fourier spectrum

Courtesy of D. Boore

Add the following 3 sinusoids:



Fourier spectrum

Courtesy of D. Boore

This shows the summation of the 3 sinusoids to produce the 

total signal (top) and the Fourier amplitude (bottom)
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-Linearity:     
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-Shift: 

-Convolution:

[ ] )()()()( 22112211 ww fafatfatfa À+À=+À

[ ] )()( ww featf ai À=-À -

[ ] )()()()()()(
0

212121 wwtttñ ÀÀ=-À=*À

t

ffdtfftftf

Some properties of the Fourier TransformÀ

Applications: linear system (source*path*site*instrument), time-delay of propagation 

(e.g. array analysis), solving differential equations, etcé
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Time Series

Amplitude spectra

Phase spectra



Timet [s]

0 1  2  ééééé     N

N intervals with spacing dt

Duration T of the whole signal

T=N*dt0 dt  2dt  ééééé   Ndt=T

sampling

Frequency [Hz]

0 1  2  ééééé     N N intervals of width df

Nyquist frequency: fN=1/(2*dt)

N*df=2fN

df=2f N/N=1/Ndt=1/T

-fN - fN+dféé              fN

Sampling

df=1/T df depends on the window length

df dt=1/N 



dt=1s; 

fN=0.5Hz

f>0.5Hz cannot be retrieved en

(Periods T< 2 s)

The red curve has a period of T=1.1s 

red: freq>Nyquist

Look at the blue curve!!!

Due to Aliasing the data must be low-pass filtered before the

analog to digital conversion (anti-alias filter). The corner

frequency of the filter 0.8fN.



t
T

Sinus form Period TFourierspectrumY(w) signal y(tn)

fs=1/dt     fNyquist=fs/2 w=2pf=2p/T (angular frequency [rad/s]) 

Input: Time signal

Input: spatial Signal

(time) Aliasing 

Sinus form wavelength Fourierspectrum Y() Signal y(xn)

fs=1/dx     fNyquist=fs/2 k=2pf=2p/l

(Wavenumberl[rad/m])

(spatial) Aliasing 

x



PGA

PGV

PGD
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-Shift: 
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Some properties of the Fourier TransformÀ

Applications: linear system (source*path*site*instrument), time-delay of propagation 

(e.g. array analysis), solving differential equations, etcé

Parseval identity 

(sum of the square values)
22

)()( wftf À=



Courtesy of G. Grünthal



after Bolt



Some terminology
Hazard: A dangerous phenomenon, substance, human activity or 
condition that may cause loss of life injury, or other health impacts, 

property damage, loss of livelihoods and services, social and 
economic disruption, or environmental damage (UNISDR, 2009).

Exposure: People, property, systems or other elements present in 
hazard zones that are thereby subject to potential losses 

(UNISDR, 2009). 

Vulnerability: Characteristics and circumstances of a community, 
system or asset that make it susceptible to the damaging effects of a 

hazard  (UNISDR, 2009). 

Risk: The combination of the consequences of an event (hazard) and 

the associated likelihood/probability of its occurrence 

(ISO 31010, 2009).




